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Keep 
" overhead. 


This panel controls 
the Zeiss Ceiling Mount. 


` Shown below is the master contro! 
panel for the.Elaectro-Mechanical 
Ceiling Mount for all Zeiss Oper- 
ation Microscopes. A turn of the 
key and you can go from com- 
pletely Motorized operation for 
all functions—focusing, zoom, 
movement in the X, Y-plane, and 
up and down motion—to smooth, 
effortless manual motion at a fin- 
gers touch. And there are remote 
hand and foot controls, too. 


Carl Zeiss, Inc.,444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston. Chicago, Houston, Los Angeles, 
San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660. 


Greatest mobility 
in all directions. 


You can move your Zeiss Oper- 
ation Microscope freely and 
easily in any direction to whatever 
position is most comfortable and 
convenient for you. And it will stay 
right there, perfectly balanced, 


until youre ready to move it again. 


Not only does the Ceiling Mount 
cut floor-clutter,’ but it adds to 
convenience In every concelv- 
able way. 

Nationwide service 


p everything under control... 
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O may help relieve symptoms of vertigo and tinnitus 
o helps dilate responsive vessels in the inner ear 


O helps increase blood flow through 
the labyrinthine arteries 


O helps maintain mean arterial blood pressure 
with little risk of hypotensive episodes 


for vertigo or tinnitus due to spasm in the 
labyrinthine network" 


Arlidin (nylidrin HCI) 
may relieve the spasm, 
stop the vertigo 








Brief Summary 


*Indications: Based on a review of this drug by th@National 
Academy of Sciences—National Research Council and/ 
or other information, FDA has classified this drug as ` pos- 


sibly” effective for peripheral vascular disease and circu- 
latory disturbances of the inner ear. Final classification 
of the less-than-effective indications requires further 
investigation. 





Contraindications: Acute myocardial infarction, paroxysmal 
tachycardia, progressive angina pectoris and thyrotoxicosis 
Warnings: In patients with cardiac disease such as tachyar- 
rhythmias and uncompensated congestive heart failure, the 
benefit/risk ratio should be weighed prior to therapy and re- 
considered at intervals during treatment. Adverse Reactions: 
Trembling, nervousness, weakness, dizziness (not associated 
with labyrinthine artery insufficiency), palpitations, nausea 
and vomiting may occur. Postural hypotension, while not re- 
ported, may also occur. Dosage: Orally, 3 to 12 mg. three or 
four times a day. How Supplied: White, scored tablets, 6 mg. 
and 12 mg. Bottles of 100 and 1000; single-dose blister packs, 
boxes of 100 (10 x 10 strips). 


/ WUSV USV Laboratories Inc 


LABORATOAJES Manati, P R. 00701 
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Kyoto or Brooklyn’ 





Passport to relief. 





This beautiful Japanese garden is 
actually located in the 

Botanic Gardens in Brooklyn, 

New York. Whether your patient 

is visiting Kyoto or staying at home, 
it’s good to know SUDAFED S.A. 
can give dependable, 12-hour relief 


of nasal and sinus congestion. 


Sudated 





12 hours of sustained action 





S 


pseudoephedrine HC) 120 mg 


For relief of nasal 
and sinus congestion 
without drowsiness 


ø contains no antihistamine, aspirin 
or acetaminophen 


a freer breathing and eustachian 
tube patency restored with 

a single, effective ingredient— 
pseucoephedrine HC] 

a convenient b.i.d. dosage helps 
encourage patient compliance 

g available with your prescription 
a also available: Sudafed” 60 mg 
tablets 


Sudafed S.A. 


Sustained Action Capsules 
(pseudoephedrine hydrochloride) 
INDICATIONS: Sudafed S.A. Capsules are indi- 


cated for the relief of nasal congestion or eustachian 
tube congestion. Sudafed S.A. Capsules may be given 
concurrently, when indicated, with analgesics, anti- 
histamines, expectorants and antibiotics. 


CONTRAINDICATIONS: Sympathomimetic 
amines are contraindicated in patients with severe 
hypertension, severe coronary artery disease, and in 
patients on MAO inhibitor therapy. Patient idiosyn- 
crasy to adrenergic agents may be manifested by 
insomnia, dizziness, weakness, tremor Or arrhyth- 
mias. 

Children under 12: Sudafed S.A. Capsules should 
not be used in children less than 12 years of age. 

Nursing mothers: Pseudoephedrine is contraindi- 
cated in nursing mothers because of the higher than 
usual risk for infants from sympathomimetic amines. 

Hypersensitivity: This drug is contraindicated in 
patients with hypersensitivity or idiosyncrasy to sym- 
pathomimetic amines. 


WARNINGS: Sympathomimetic amines should be 
used judiciously and sparingly in patients with 
hypertension, diabetes mellitus, ischemic heart dis- 
ease, increased intraocular pressure, hyperthyroid- 
ism, and prostatic hypertrophy. Sympathomimetics 
may produce central nervous stimulation with con- 
vulsions or cardiovascular collapse with accompany- 
ing hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: The safety of pseudoephedrine 
for use during pregnancy has not been established. 

Use in Elderly: The elderly (60 years and over) are 
more likely to have adverse reactions to sympathomi- 
metics. Overdosage of sympathomimetics in this age 
group may cause hallucinations, convulsions, CNS 
depression, and death. Therefore, safe use of a 
short-acting sympathomimetic should be demon- 
strated in the individual elderly patient before con- 
sidering the use of a sustained-action formulation. | 


PRECAUTIONS: Pseudoephedrine should be 
used with caution in patients with diabetes, hyper 
tension, cardiovascular disease and hyper-reactivity 
to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions such as 
tachycardia, palpitations, headache, dizziness or nau- 
sea. Sympathomimetic drugs have been associated 
with certain untoward reactions including fear, anxi- 
ety, tenseness, restlessness, tremor, weakness, pallor, 
respiratory difficulty, dysuria, insomnia, hallucina- 
tions, convulsions, CNS depression, arrhythmias, 
and cardiovascular collapse with hypotension. 


DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects of pseu- 
doephedrine (sympathomimetics). 

Sympathomimetics may reduce the antihyperten- 
sive effects of methyldopa, mecamylamine, reserpine al 
and veratrum alkaloids. 


DOSAGE AND ADMINISTRATION: One cap- 
sule every 12 hours. Do not give to childPen under 12 _ 
years of age. 


HOW SUPPLIED: Sudafed S.A. is available in 
capsules of 120 mg (clear red top and clear body) with 
Wellcome code H9B, bottle of 100. 

Sudafed is also available in forms other than 
sustained action: tablets of 30 mg sugar-coated (red), 
box of 24, bottles of 100 and 1000; tablets of 60 mg 
scored (white) with Wellcome I.D. code imprint S7A, 
bottles of 100 and 1000; syrup 30 mg per 5 cc, bottles 
of 4 fl. oz. and | pt. 

Unit of Use: Tablets of 60 mg—Bottle of 100 with 
child-resistant cap. 





*Virtually without pressor effect in normotensive 
patients. Use with caution in hypertensives. 


DRED 
gq, < Burroughs Wellcome Co. 
6 2 Research Triangle Park 


K North Carolina 27709 


. & 
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- IONTOPHORETIC ANESTHETIZER 


Anesthetizes the tympanic membrane without injection 











Hid, 1, 
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D-C MILLIAMPERES 


IFE TECH 


CHICAGO, ILL 


BATTERY 
TIME TES 





MODEL 6100 
IONTOPHORETIC 
ANESTHETISER 


“4OUSTON 





LIGHTWEIGHT, COMPACT: Carrying case contaming in- 
strument, electrodes and all necessary accessories lips into 
lab coat pocket. 
EASY TO OPERATE: Single control initiates entie sequ- 
ence including automatic timing and gradual current onset 
and withdrawal 

Timer indicates elapsed time and provides audi5le end- 
of-application sianal. 

Need for cortimuous monitoring during application is Com- 
pletely eliminatec. 


For more information contact: 








SAFE: Battery operation isolates patient and special circuitry 
prevents Current initiation unless electrodes are connected 
Thus inadvertent electrode applicaton with current Is 
impossible. 

FLEXIBLE: Adjustable current level and time allow parame- 
ters to be modified for “non-standard” patients 

RUGGED, RELIABLE: Incorporates only the highest quality 
componen:s. Manufactured under rigorous quality control 
standards. Carries a one-year warranty and is supported by 
a nationwide service center network 


Life-Tech 


Instruments, Inc. 
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A newly developed 
oral antibiotic 
-a useful in 
b. acute otitis media 





"Due to susceptible strains of Streptococcus pneumoniae (Diplococcus pysumoniae), Haemophilus influenzae, staphylococci, 
and S. pyogenes (group A beta-herrasiytic streptococci). 
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developed 
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antibiotic 





4 


$ 





SC 


Ceiaclor 


Increasing incidence 
of otitis media 
caused by 

H. influenzae 





Q 





Reports from many areas of 
the country show that the 
bacterial pattern seen in otitis 
media is changing Published 
studies suggest that the 
incidence of otitis media 
caused by H. influenzae is 
increasing. !? 


In fact, the American 
Academy of Pediatrics’ 
Committee on Infectious 
Diseases reports that relapses 
of otitis media have been 
more common with 

H. influenzae than with other 
organisms.’ 


H. influenzae 
resistance is a 
growing problem 


Percentage of Ampicil in-Resistant 
H. influenzae lso ates* 


yes 1976 1977 


Boston* 5.3% 10.2% 15.6% 
Fresno? —- — 4.8 
Huntsville la 28 1346 
Washington, D.C.6 1.6 18 35 
Oklahoma City” — — 22 


*Isolates obtained from awariety of body 
fluids (middle-ear exudate blood, etc.). 


Recommendations 
regarding treatment 
of otitis media 
caused by 

H. influenzae 


The American Academy of 
Pediatrics, in iis recommenda- 
tions for the treatment of 
otitis media, reports that 

H. influenzae is often the 
suspected pathogen in 
children less than eight years 
of age. They further report 
that ampicillin-resistant 
strains of H. influenzae have 
been isolated. The physician 
should therefore consider 
ampicillin resistance in the 
child with acute otitis media, 
particularly one who does 
not show clinical 
improvement after 48 to 72 
hours of ampicillin therapy.® 


Investigators have suggested 
a need for alternative 
antimicrobials in the 
treatment of otitis media 
caused by ampicillin- 


resistant H. influenzae.?’!° 


Ceclor’® (cefaclor) 

is effective 

in the treatment of 
acute otitis media 
due to susceptible 
strains of these 
microorganisms: 


e S. pneumoniae 


e H. influenzae (including 
beta-lactamase-producing 
ampicillin-resistant strains) 


e Staphylococci (including 
coagulase-positive, 
coagulase-negative, and 
penicillinase-producing 
strains) 


e S. pyogenes (group A 
beta-hemolytic streptococci) 


In studies of 246 patients with 
otitis media, Ceclor 
demonstrated a 93 percent 
clinical and bacteriologic 
success rate 

(see accompanying chart)."! 





See the following page for criteria for diagnosis and response. 


clor Consider the changing bacterial i 
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Good taste and 
tid administration 
may aid patient 
compliance 


Ceclor may be administered 
t i d. The pleasant-tasting oral 


suspensions encourage patient 


cooperation: 


125 mg/5 ml, strawberry flavor 


250 mg/5 ml, grape flavor 


Criteria for diagnosis and response 


Diagnosis: 

Diagnosis of otitis media was confirmed in 
all patients by culture of middle-ear 
aspirate or exudate within 24 hours after 
the start of therapy. Exudate was 
acceptable as a culture source for only 
pneumococci, H. influenzae, and group A 
streptococci. Additional specimens for 
culture were obtained during and after 
therapy as deemed necessary by the 
clinician. The bacteriologic response was 
based on results during the ten to 16-day 
posttherapy follow-up period. 


Clinical (symptomatic) response: 
Satisfactory = disappearance of or 
improvement in signs and symptoms of the 
principal infection, with or without 
recurrence of signs or symptoms during the 
posttherapy follow-up period. 


Unsatisfactory = no improvement in signs 
and symptoms at the end of therapy. 


Bacteriologic response: 

Cure = pathogen(s) eliminated or reduced 
to insignificant numbers during therapy or 
elimination of the original pathogen 
during*herapy, followed by a culture 
positive for a new pathogen (reinfection) 
either during therapy or during the 
posttherapy follow-up period. 


Failure = failure of the treatment to 
eradicate the pathoger(s) or initial 
eradication of the pathogen(s), followed 
by relapse with the same pathogen 
during therapy or during the posttherapy 
follow-up period. 

Ceclor is contraindicated in 
patients with known allergy to the 
cephalosporins and should be 
given cautiously to 
penicillin-allergic patients. 


“Due to susceptible strains of S. pneumoniae, 
H. influenzae, staphylococci, and S. pyogenes. 


\ pattern of acute otitis media’ 





Ceclor® (cefaclor) Clinical trials have demonstrated 
is also indicated the effectiveness of Ceclor against 


for these other 


the following common infections 
when caused by susceptible strains 


common infections of the designated microorganisms: 





Note: Penicillin is the usua drug of choice in the trectment and 
prevention of streptococcal infections, including the srophylaxis of 
rheumatic fever. See summary of prescribing information. 


See the following page for summary of prescribing information. 


000099 


A newly 
develooed 
oral 
antiboictce 





References 
1. Pediatr. Clin. North Am., 21:379, 
1974. 


2. J.A.M.A., 238:1032, 1977. 

3. Report of the Committee on Infectious 
Diseases, p. 109. Evanston, Illinois: 
American Academv of Pediatrics, 
1977. 


4. J. Pediatr., 92:889, 1978. 
5. West. J. Med., 128:101, 1978. 
6. J.A.M.A., 239:320, 1978. 
7. Med. Trib., 18:1 (November 16), 1977. 
8. Report of the Committee on Infectious 
Diseases, p. 162. Evanston, Illinois: 
American Academy of Pediatrics, 
1977. 
9. Curr. Chemother., 1:123, 1978. 
10. Am. J. Dis. Child., 132:992, 1978. 
11. Data on file, Eli Lilly and Company. 


Ceclor’® (cefacior) 


Brief Summary. Consult the package litera- 
ture for prescribing information. 


Indications and Usage: eclor is indicated 

in the treatment of the following infections 

when caused by suscep-ible strains of the 

designated microorganisms: 

pneumoniae (Diplocaccus pneumoniae), 

Haemophilus Mana, staphylococci, 
and S. pyogenes (group A beta- 
hemolytic streptococci) 

Lower respiratory infections, including 
pneumonia caused by S. pneumoniae 
(D. pneumoniae), H. influenzae, and S. 
pyogenes (group A beta-hemolytic 
streptococci) 

Upper respiratory infections, including 

pharyngitis and tonsillitis caused by S. 
pyogenes (group A beta-hemolytic 
streptococci) 
Note: Penicillin is the usual drug of 
choice in the treatment and prevention 
of streptococcal infections, including 
the prophylaxis of rheumatic fever. 
Cefaclor is generally effective in the 
eradication of streptococci from the 
nasopharynx; however, substantial 
data establishing the efficacy of cefa- 
clor in the subsequent prevention of 
rheumatic fever arə not available at 
present. 

Urinary tract infections, including 
pyelonephritis and cystitis caused by 
Escherichia coli, Proteus mirabilis, Kleb- 
siella species, and coagulase-negative 
staphylococci 

Skin and sk n-structure infections caused 
by Staphylocoecus aureus and S. 
pyogenes (group 4 beta-hemolytic 
streptococci) 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism to 
Ceclor. 

Contraindication: Ceclor is contraindicated 
in patients with known allergy to the 
cephalosporin group of antibiotics. 











FUCUIUINIL wYsUuYyC 













125 mg 
(¥2 tsp ti d) 


0-20 Ib 
0-9 kg 


Mild to Moderate Infections (20 mg/kg/day 
125mg | 250 m | 
(itsptid) | Ceno 
20-40 Ib 40-55 Ib 
9-18 kg 18-25 kg 







a! 











125 mg | 125mg 
[a tsp tid) | (1 tsptid) 


0-10 k 10-20 Ib 
0-4.5kg | 4 kg 


125 mg, Strawberry 


divided doses every eight hours. 









= 250 mg, Grape 
The usual recommended daily dosage for children is 20 mg/kg/day in 


In more serious infections, otitis media,* and infections caused by less 


susceptible organisms, 40 mg/kg/day are recommended, with a 
maximum dosage of | gm per day. 


Safety for use in infants less than one month of age has not been established 


*Due to susceptible strains of S. pneumoniae, H. influenzoe, staphylococci, and 
S. pyogenes (group A beta-hemolytic streptococci) 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS, 
CEPHALOSPORIN ANTIBIOTICS SHOULD BE ADMINIS- 
TERED CAUTIOUSLY. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE 
PENICILLINS AND THE CEPHALOSPORINS, AND THERE ARE 
INSTANCES IN WHICH PATIENTS HAVE HAD REACTIONS 
TO BOTH DRUG CLASSES (INCLUDING ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Antibiotics, including Ceclor® (cefaclor, 
Lilly), showld be administered cautiously to 
any patient who has demonstrated some 
form of allergy, particularly to drugs. 


Precautions: |f an allergic reaction to cefa- 
clor occurs, the drug should be discontin- 
ued, and, if necessary, the patient should 
be treated with appropriate agents, e.g., 
pressor amines, antihistamines, or cortico- 
steroids. 

Prolonged use of cefaclor may result in 
the overgrowth of nonsusceptible or- 
ganisms. Careful observation of the patient 
is essential. If superinfection occurs during 
therapy, appropriate measures should be 
taken. 

Positive direct Coombs tests have been 
reported during treatment with the 
cephalosporin antibiotics. In hematologic 
studies or in transfusion cross-matching 
procedures when antiglobulin tests are per- 
formed on the minor side or in Coombs test- 
ing of newborns whose mothers have re- 
ceived cephalosporin antibiotics before 
parturition, it should be recognized that a 
positive Coombs test may be due to the 
drug. 

Ceclor should be administered with cau- 
tion in the presence of markedly impaired 
renal function. Under such a condition, 
careful clinical observation and laboratory 
studies should be made because safe dos- 
age may be lower than that usually 
recommended. 

Usage in Pregnancy— Although no 
teratogenic or antifertility effects were seen 
in reproduction studies in mice and rats re- 
ceiving up to 12 times the maximum 
human dose or in ferrets given three times 
the maximum human dose, the safety of 
this drug for use in human pregnancy has 
not been established. The benefits of the 
drug in pregnant women should be 
weighed against a possible risk to the 
fetus. 

Usage in Infancy—Safety of this product 
for use in infants less than one month of 
age has not been established. 


Adverse Reactions: In clinical studies in 
1493 patients, adverse effects considered 
related to cefaclor therapy were uncommon 
and are listed below: 

Gastrowntestinal symptoms occurred in 
abowt 2.5 percent of patients and in- 
cluded diarrhea (1 in 70) and nausea 
and vomiting (1 in 90). 

Hypersensitivity reactions were reported 





in about 1.5 percent of patients and 
included morbilliform eruptions (1 in 
100). Pruritus, urticaria, and positive 
Coombs tests each occurred in less 
than 1] in 200 patients. 

Other effects considered related to 
therapy included eosinophilia (1 in 50 
patients) and genital pruritus or vag- 
initis (less than 1 in 100 patients). 

Causal Relationship Uncertain—Transitory 

abnormalities in clinical laboratory test re- 
sults have been reported. Although they 
were of uncertain etiology, they are listed 
below to serve as alerting information for 
the physician. 

Hepatic—Slight elevations in SGOT, 
SGPT, or alkaline phosphatase values 
(1 in 40). 

Hematopoietic—Transient fluctuations in 
leukocyte count, predominantly lym- 
phocytosis occurring in infants and 
young children (1 in 40). 

Renal—Slight elevations in BUN or 
serum creatinine (less than l in 500) or 
abnormal urinalysis (less than 1 in 
200). 


Administration and Dosage: 


Ceclor® (cefaclor, Lilly) is administered orally. 


Adults—The usual adult dosage is 250 
mg every eight hours. For more severe in- 
fections (such as pneumonia) or those 
caused by less susceptible organisms, 
doses may be doubled. Doses of 4 gm per 
day have been administered safely to nor- 
mal subjects for 28 days, but the total daily 
dosage should not exceed this amount. 

Children—The usual recommended daily 
dosage for children is 20 mg/kg/day in di- 
vided doses every eight hours, as indi- 


cated: 
Ceclor Suspension 


Child's Weight 125 mg/5 ml 250 mg/5 ml 
9 kg 1/2 tsptid 
18 kg ltsptid 1/2 tsptid 


In more serious infections, otiffs media, 
and infections caused by less susceptible 
organisms, 40 mg/kg/day are recom- 
mended, with a maximum dosage of 1 gm 
per day. 

Ceclor may be administered in the 
presence of impaired renal function. Under 
such a condition, the dosage usually is un- 
changed (see Precautions). 

In the treatment of beta-hemolytic strep- 
tococcal infections, a therapeutic dosage of 
Ceclor should be administered for at least 
ten days. [070379] 


Additional information available 
to the profession on request from 
Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


Lilly 


000099 


Eli Lilly Industries, Inc. 
Carolina, Puerto Rico 00630 
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For children and adults. 

Ideal for Outpatient or Office Procedures. 
Single View of Entire Eardrum or Ear Canal. 
Rod Lens Telescope with 
Enlarged View, Wide Viewing Angle, Infinite 
- Depth of Field, Greater Fiber Optic Light 
Transmission, Brighter Image, Better 
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Reproduction. 


Ney 
p = Documentation Capabilities — Still, Cine or TV. 
A Tradition of Leadership in Craitsmanship and Design 
a Se PAPANE A EEA S * Invention of Prof. H. H. Hopkins __ 
a | se 





Karl Storz Endoscopy—America, Ine. 
658 South San Vicente Blvd., Los Angeles, Ca. 90048 
FOR TOLL FREE SERVICE = 800-421-0837 Name (please print) 
(Except California) In California CALL '213) 651-1068 





ee 





Gentlemen: Address 
[_] Please send me further information. [] Please have a = á 
Karl Storz Representative phone me for an appointment. "y State ip 
: Thank you. Telephone. 2k ie ee 
eo .4 TO-123 


Sactrim...A Major 
- For Acute Otitis 





} igh] ss Hective a acute otitis media caused by susceptible 
stkainis of Sti umoniae (D. pneumoniae) or H. influenzae. An overall 


efficacy of 94% was reported in a multicenter evaluation* of 120 patients with ee 


acute otitis media due to these « organisms. The € agp range was 2 months to 13 
years, with an average of 3 years. 


invitro spe trum includes ampicillin-resistant 
strains of H. influenzae 


Note: Clinical information on the efficacy of Bactrim i in otitis media n to 
| ampicillin- -resistant H. ne is limited at Present, further studies are in 


progress.. 
Useful i in p é tents allergic to penicilins 


receiving Bactrim n for an average of approxi- 
ere infrequent and not serious. Although | 
re oui can occur none were noted in these studies. Contrain 
o "Bactrim include patients hypersensitive toits components and > 
| ants less than two months of age. 


| Note: Bactrim. should not be. usedi in the treatment of jtrepiococcal pharyngitis, since the 
`- incidence of failure has been greater than that of peniaitlin : in eradicating group A beta- 
Ei hemolytic streptococci from the tonsillopharyngeal area. 


: "Data on file, Medical Department, Hoffmann-La Roche Ine. 


l Each teaspoonful E ml contains 
-40 mg trimethoprim and 200 mg sulfamethoxazole. 


Please see following page for summary of f product information. 





" BACTRIM< 


(trimethoprim and sulfamethoxazole) 


Before prescribing, please censu lt complete product information, 
a summary of which follows: 
Indications and Usage: For the treatment of urinary tract infections due to susceptible 
strains of the following organisms: Escherichia coli, Klebsiella-Enterobacter, Proteus 
mirabilis, Proteus vulgaris, Proteus morganii. It is recommended that initial episodes of 
uncomplicated urinary tract infections be treated with a single effective antibacterial agent 
rather than the combination. 
. Note: The increasing frequency ores stant organisms limits the usefulness of all antibacterials, especially 
in these uringry tract infections 
For acute otitis media in “hildrem due to susceptible strains of Haemophilus influenzae or 
Streptococcus pneumoniae when in physician's judgment it offers an advantage over other 
antimicrobials. Limited clinieal information presently available on effectiveness of treat- 
ment of otitis media with Bactrim when infection is due to ampicillin-resistant Haemophilus 
influenzae. To date, there are limited data on the safety of repeated use of Bactrim in 
children under two years of age. Bactrim is not indicated for prophylactic or prolonged 
administration in otitis media at any age. 
For acute exacerbations of chronic bronchitis in adults due to susceptible strains of 
Haemophilus influenzae or Streptococcus pneumoniae when in physician's judgment it 
offers an advantage over a single antimicrobial agent. 
For enteritis due to susceptible strains of Shigella flexneri and Shigella sonnei when an- 
tibacterial therapy is indicated. 
Also for the treatment of documented Pneumocystis carinii pneumonitis. To date, this drug 
has been tested only in patients ) months to 16 years of age who were immunosuppressed 
by cancer therapy. 
Contraindications: Hypersensi ivity to trimethoprim or sulfonamides; pregnancy; nursing mothers, 
infants less than two months of age 
Warnings: BACTRIM SHOULD NOT BE USED TO TREAT STREPTOCOCCAL PHARYNGITIS. 
Clinical studies show that patientewitt group A B-hemolytic streptococcal tonsillopharyngitis have higher 
incidence of bacteriologic failure wher treated with Bactrim than do those treated with penicillin. Deaths 
from hypersensitivity reactions, agrant locytosis, aplastic anemia and other blood dyscrasias have been 
associated with sulfonamides. Experience with trimethoprim is much more limited but occasional interfer 
ence with hematopoiesis has been reported as well as an increased incidence of thrombopenta with 
purpura in elderly patients on cer'ain diuretics, primarily thiazides. Sore throat, fever, pallor, purpura or 
jaundice may be early signs of serous blood disorders. Frequent CBC's are recommended; therapy should 
be discontinued if a significantly reduced count of any formed blood element is noted 
Precautions: Use cautiously in gatieats with impaired renal or hepatic function, possible folate deficiency 
severe allergy or bronchial asthme. In patients with glucose-6-phosphate dehydrogenase deficiency 
hemolysis, frequently dose-related, may occur. During therapy, maintain adequate fluid intake and perform 
frequent urinalyses, with careful micrescopic examination, and renal function tests, particularly where 
there is impaired renal function. actam may prolong prothrombin time in those receiving warfarin, 
reassess coagulation time when aémirmstering Bactrim to these patients. 
Adverse Reactions: All major reactions to sulfonamides and trimethoprim are included, even if not 
reported with Bactrim. Blood dyscrasics’ Agranulocytosis, aplastic anemia, megaloblastic anemia, throm 
bopenia, leukopenia, hemolytic amemic , purpura, hypoprothrombinemia and methemoglobinemia. Alergii 
reactions: Erythema multiforme, Seveas-Johnson syndrome, generalized skin eruptions, epidermal 
necrolysis, urticaria, serum sickness, oruritus, exfoliative dermatitis, anaphylactoid reactions, penorbital 
edema, conjunctival and scleral imeection, photosensitization, arthralgia and allergic myocarditis. Gastro 
intestinal reactions: Glossitis, stonati'is, nausea, emesis, abdominal pains, hepatitis, diarrhea and 
pancreatitis. CNS reactions: Headache peripheral neuritis, mental depression, convulsions. ataxia, hallu 
cinations, tinnitus, vertigo, insomeaia, apathy, fatigue, muscle weakness and nervousness. Miscellaneous 
reactions: Drug fever, chills, toxic nep 1osis with oliguria and anuria, periarteritis nodosa and L.E. phe 
nomenon. Due to certain chemica’ simelarities to some goitrogens, diuretics (acetazolamide, thiazides) and 
oral hypoglycemic agents, sulfonamides have caused rare instances of goiter production, diuresis and 
hypoglycemia in patients; cross-seasiti.ty with these agents may exist. In rats, long-term therapy with 
sulfonamides has produced thyroid ma ignancies. 
Dosage: Not recommended for infants less than two months of age. 
URINARY TRACT INFECTIONS AND SKIGELLOSIS IN ADULTS AND CHILDREN. AND ACUTE OTITIS MEDIA IN 
CHILDREN 
Adults: Usual adult dosage for unmary tract infections — | DS tablet (double strength), 2 tablets (single 
strength) or 4 teasp. (20 ml) b.i.d for 10-14 days. Use identical daily dosage for 5 days for shigellosis 
Children: ee dosage fer children with urinary tract infections or acute otitis media —8 mg/kg 
trimethoprim and 40 mg/kg sulfamethexazole per 24 hours, in two divided doses for 10 davs. Use identical 
daily dosage for 5 days for shigellosis 
For patients with renal impairmen’ Use recommended dosage regimen when creatinine clearance Is 
above 30 ml/min. If creatinine clearance is between 15 and 30 ml/min, use one-half the usual regimen. 
Bactrim is not recommended if creatin ne clearance is below 15 ml/min 
ACUTE EXACERBATIONS OF CHRONIC ERONCHITIS IN ADULTS 
Usual adult dosage: | DS tablet (deutle strength), 2 tablets (single strength) or 4 teasp. (20 ml) b.i-d. for 
14 days. 
PNEUMOCYSTIS CARINII PNEUMOw/ 71S 
Recommended dosage: 20 mg/kg ‘rime thoprim and 100 mg/kg sulfamethoxazole per 24 hours in equal 
doses every 6 hours for 14 days. See complete product information for suggested children’s dosage table 
Supplied: Double Strength (DS) tebtets, each containing 160 mg trimethoprim and 800 mg sulfamethoxa- 
zole, bottles of 100; Tel-E-Dose * packazes of 100; Prescription Paks of 20 and 28. Tablets, each containing 80 
mg trimethoprim and 400 mg sulfamethexazole — bottles of 100 and 500; Tel-E-Dose" packages of 100; 
Prescription Paks of 40. Pediatric -uspersion, containing in each teaspoonful (5 ml) the equivalent of 40 mg 
trimethoprim and 200 mg sulfamethoxazole; cherry flavored—bottles of 16 oz (I pint). Suspension, contain 
ing in each teaspoonful (5 ml) the equivalent of 40 mg trimethoprim and 200 mg sulfamethoxazole 
fruit-licorice flavored—bottles of 4 oz 11 pint). 


ROCHE LABORATORIES 
Division of Hof*marr-La Roche Inc 
Nutley, New Jersey 07110 
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HILGER 
FACIAL NERVE 
STIMULATOR : 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 


yE STIMULATOR 
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MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from— 


WR MEDICAL 


ELECTRONICS CO. 











+ 
1995R WEST COUNTY ROAD B-2 
ST. PAUL. MINNESOTA 55113 
Also from WR— D 
JAKO FACIAL NERVE MONITOR ° 
WR SURGICAL NERVE STIMULATOR 
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_XOMED STAPES 
— PRO 


Designed excellence in a cup-piston prosthesis. 





























Bailey Modification * 


The Xomed Stapes Prosthesis is designed to conform to the anatomy of the ear. It is 
available in 316 stainless steel, with three modifications designed to fit various pathologies of 
the middle ear. This preferred stapes prosthesis incorporates these design advantages: 


e Cup acts as a seat for the lenticular process of the incus, providing firm and accurate 
positioning 

e Notch in cup cradles the arm of the incus and reduces possibility of pressure necrosis 

ii e Wire bail aids proper positioning and secure attachment 





e Available in two cup sizes, four shaft diameters and seven lengths (length is 
measured from bottom of notch to end of shaft) 


*Designed by William N. Lippy, M.D., Warren, Ohio 
“Designed by H. A. Bailey, M. D., Little Rock, Arkansas 


: For additional information, the name of your local 
= + Territorial Sales Manager and/or nearest dealer, 
"F call (800) 874-5797 (in Florida call (904) 737- 
7900 collect); TWX (810) 827-6439; or write 
Xomed Inc., 8641 Baypine Road, Jacksonville, 
eFldrida 32216. 


o time for vertigo. 


= Most Widely Prescribed —Antivert is the 

most widely prescribed agent for the management 

of vertigo” associated with diseases affecting 

the vestibular system such as Meniere s disease, 
labyrinthitis, and vestibular neuronitis. , 


u Relief of Nausea and Vomiting—Antivert/25 
can relieve the nausea and vomiting often associated 
with vertigo” 

m Dosage for Vertigo*—The usual adult dosage 
for Antivert/25 is one tablet t.i.d. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
‘| INDICATIONS. Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or other infor- 
mation, FDA has classified the indications as follows. 
















Effective: Management of nausea and vomiting, and dizziness asso- 
ciated with motion sickness. 

Possibly Effective: Management of vertigo associated with diseases 
affecting the vestibular system 

Final classification of the less than effective indications requires 
further investigation 


CONTRAINDICATIONS. Administration of Antivert (meclizine HCI) 


during pregnancy or to women who may become pregnant iscontraindicated 


in view of the teratogenic effect of the drug in rats. 

The administration of meclizine to pregnant rats during the 12th-15th day 
of gestation has produced cleft palate in the offspring. Limited studies 
using doses of over 100 mg/kg/day in rabbits and 10 mg/kg/day in pigs 
and monkeys did not show cleft palate. Congeners of meclizine have 
caused cleft palate in species other than the rat. 

Meclizine HCI is contraindicated in individuals who have shown a 
previous hypersensitivity to it 
WARNINGS. Since drowsiness may, on occasion, occur with use of this 
drug, patients should be warned of this possibility and cautioned against 
driving a car or operating dangerous machinery 

Usage in Children: Clinical studies establishing safety and effectiveness 
in children have not been done; therefore, usage is not recommended in 
the pediatric age group 

Usage in Pregnancy: See “Contraindications. 

ADVERSE REACTIONS. Drowsiness. dry mouth and, on rare occasions, 
blurred vision have been reported ROeERIG Pfizer) 
More detailed professional information 

A division of Pfizer Pharmaceuticals 


available on request New York. New York 10017 


Accept no substitutes, specify... 


Antivert/25 


| (meclizine HCI) 25 mg Tablets 
for vertigo’ ` 





Illustration: Chicago ironworker 

laborsona pedestal high above the city 

to dismantle old antenna (Courtesy 

of Chicago Tribune) . è 
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EDITORIAL 


The publishers, editors and staff of the ANNALS 
take great pleasure in bringing to its readers this 
first issue of the journal in its new “A” size format 
and its new cover. This step was taken after many 
months of ratiocination and consultation regarding 
this change which demonstrated to us that the pros 
outweighed the cons in considerable degree. We 
can now bring to you a more readable and more at- 
tractive journal, allowing the publication of larger 
illustrations, wider margins and space between par- 
agraphs, columns and illustrations. We can also re- 
tain without great cost increase, the highest quality 
paper, printing and the use of the newest techni- 
ques for publishing illustrations. We are advised 
that advertisers prefer the size “A” format: this 
must not be ignored because we wish to keep the 
journal within the affordability of residents and 
subscribers overseas, particularly the third world 
countries. Advertising revenue helps us do that. 


We are very much interested and concerned 
about the continuing debate over the matter of 
changing the name of our specialty. We are cogni- 
zant of the strong feeling of some of our colleagues 
favoring a change, the positive vote of the American 
Board of Otolaryngology and the approval of the 
Board of Directors of the American Academy of 
Otolaryngology to submit the proposal to the 
membership. We are also aware of some of the 
negative feelings expressed by some of our thought- 
ful colleagues. We are reluctant to give up the 
prestigious name of the ANNALS OF OTCLOGY, 
RHINOLOGY AND LARYNGOLOGY which is 
based on almost a hundred years of service to our 
profession, but we are willing to move with the 
times. Therefore, in order to protect the options of 
the ANNALS we are taking the required 
preliminary legal steps of change by inserting a sub- 
title, ANNALS OF HEAD AND NECK MEDICINE 
AND SURGERY, as a second title on the cover of 
the January-February issue. We shall obtain further 
input from the members of our Boards and our 
readers before proceeding with any additional 
changes. 


We are also enthusiastic about four feature 
departments in the ANNALS which will be reg- 
ularized in the coming year, mainly “Grand 
Rounds,” and three completely new features, “If I 
Had It To Do (Say) Over Again,” “Pathology Con- 
sultation” and “Commentary on Recent Pediatric 
Literature Relevant to Otolaryngology.” “Pa- 





thology Consultation” will be authored by one of 
our new members of the Editorial Board, John Bat- 
sakis, MD, one of this country’s finest pathologists 
of tae head and neck, and will be short articles in’ 
head and neck pathology in problem areas. “Grand . 
Rounds” and “If I Had It To Do (Say) Over Again” 
will be edited by William R. Panje, MD and Robert 
M. 3umsted, MD. All of our major medical centers 
will be encouraged to contribute. Another special 
feature “Commentary on Recent Pediatric Lit- 
erature Relevant to Otolaryngology” will be sub- 
mitted by Paul A. Shurin, MD, who is a pediatri- 
clan with special interest in infectious disease. A 
great deai of planning has gone into each of these 
departments and it is further evidence of the 
dedication of the editors and staff of the ANNALS 
to bringing to its readers in increasing qualitv and 
quantity, not only what is new, but also what is 
triee and proven. 


At this time of the year it is traditional to appoint 
new members to the Board of Editors and move 
those members who have completed their “tour of 
duty” to Emeritus Board. We are grateful to Drs. 
Charles F. Ferguson, William Marovitz, Ruediger 
Thaimann and Gunner O. Proud for their excellent 
input. We welcome to the Board of Editors Alfred 
C. Coats, MD, Houston; Charles W. Cummings, 
MD. Seattle: Patrick J. Doyle, MD, Vancouver; 
Jerome C. Goldstein, MD, Albany; William F. 
House, MD, Los Angeles: Jerome O. Klein, MD, 
Boston; Josef M. Miller, PhD, Seattle: William W. 
Mortgomery, MD, Boston; Cary N. Moon, Jr., 
MD. Charlottesville; Clarence T. Sasaki, MD, New 
Haven; and Alfred L. Weber, MD, Boston. We look 
forward to continued active collaboration with the 
merabers of our Board of Editers, our Emeritus 
Board and our many colleagues who provide us the 
enthusiasm and support whieh is necessary to 
pubiish a first line journal. 


1379 was indeed a year troubled with many 
demanding problems, but we face 1980 with op- 
timism as we see our people unify in support of our 
leacers in their efforts to solve the multiplicity of 
problems facing our great country and the entire 
word. We must conquer the energy problem, the 
problem of inflation and above all, we must and we 
will work towards solving the problems of hunger 
anc strife in the world. 


We convey to all our readers our wishes for a 
glorious and fulfilling 1980. 
Brian F. McCabe, MD 
Ben H. Senturia, MD 
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- NEUROANATOMICAL CORRELATES OF VESTIBULAR FUNCTION 


RICHARD R. GACEK, MD 


SYRACUSE, NEW YORK 


Neuroanatomical data revealed by new neuroanatomical techniques over the past decade, have clarified the central connections of the 
peripheral vestibular sense organs. A knowledge of this information is important in the clinical evaluation of vestibular disorders. The 
reflex fonnection’ of tae semicircular canals serve vestibulocerebellar, vestibulo-ocular, comm issural, and vestibulospinal pathways. The 
central connections of the utricular macula are primarily in a descending direction to the motor neurons of the entire length of the spinal 
cord. These form the basis for vestibulospinal reflexes which are characteristically associated with utricular function. Additional central 
connections provide the basis for vestibulo-ocular responses to utricular activity, Finally, the saccule has reflex connections both to the up- 
per spinal cord to a mnor degree and to extraocular nuclei that serve vertical and oblique eye movements. The minor vestibular group Y 
nucleus provides a commissural reflex connection for the saccule. 


Although the maintenance of equilibrium is 
made possible by the interaction of several systems 
(cerebellum, vision, proprioception, reticular for- 
mation), it is the input from the labyrinth which 
represents the major input to the vestibular system 
and is also the area most commonly altered by 
pathology giving rise to vertigo or disequilibrium. 
The accessibility of the vestibular labyrinth makes it 
possible te artificially stimulate it and produce the 
characteristic reflex actions initiated by its sense 
organs. A knowledge of the neuroanatomical 
substrate underlying these reflexes permits the ex- 
aminer to locate pathology, interpret the abnor- 
malities in test results, and in the future, offer sug- 
gestions for more sophisticated tests which may 
more completely evaluate the function of the 
vestibular labyrinth. The present discussion will 
summarize the central connections of the sense 
organs in the vestibular labyrinth of mammals. 






The two types of sense organs in the vestibular 


labyrinth, the cristae and the maculae, have Sacce, N, 


significantly different central connections and O.C.B. 
reflex actions. 
>`Utric. N. 
CRISTAE 
PEON, 
The incoming bipolar neurons from the cristae Fig. 1. Diagram of the organization of primary 


travel in the rostral half of the vestibular nerve 
before entering tne brainstem (Fig. 1). The fibers 
from the canals innervated by the superior 
vestibular division are more rostral than those in- 
nervating the posterior semicircular canal.’ 
Although these two groups of neurons also have dif- 
ferent localizations within the vestibular nuclei, 


vestibular neurons. SCA - Superior canal ampulla; HCA - 
Horizontal canal ampulla; PCA - Posterior canal ampulla; 
SG - Scarpa’s ganglion; OCB - Olivocochlear bundle; PCN 
- Posterior canal nerve; Utric. N - Utricular nerve; Sacc. N 
- Saccular nerve: Utr. - Utricle; Sace. - Saccule. (Published 
with permission.') 


lateral branches are given off which terminate on 


they are similar in that they all bifurcate, sending 
an ascending branch to the superior vestibular 
nucleus and a descending branch to the medial 
vestibular nucleus (Fig. 2). Within these nuclei col- 


common second order neurons. The ascending 
branches of these canal afferents continue on to ter- 
minate in the vestibulocerebellum located in the 
flocculus, nodulus and uvula. The pattern of ter- 
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Fig. 2. Diagram of the central termination of vestibular 
neurons supplying the cristae. 


mination of collateral branches from the canal 
neurons indicates that there is an interaction of all 
canal sense organs within the vestibular nuclei. Any 
disturbance in this balance or interaction between 
the canals presumably leads to some form of dise- 
quilibrium. 
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Fig. 3. Summary of the reflex connections of the cristae. 
MI - Oculomotor nucleus; IV - Trochlear nucleus; VI - Ab- 
ducens nucleus; VO - Vestibulo-ocular projection; VV 
-Vestibulovestibular projection; VS - Vestibulospinal pro- 
jection: MLF - Medial longitudinal fasciculus: ND - Nuc. 
of Darkeschewitsch: INC - Int. Nuc. of Cajal. 
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Fig 4. Diagram of the central termination of macular 
Neurons, 


The cristae give rise to four secondary connec- 
tions through second order neurons in the vestibular 
nuclei (Fig. 3). Three of these are unique to the 
cristae while one, the vestibulespinal connection, is 
also associated with the otolith sense organs. 1) The 
direct connection to the vestibulocerebellum of 
ascending branches from the eanal neurons repre- 
sent a close relationship of cana! function with the 
cerebellum. The dynamic nature of canal function 
requires this association. 2) The vestibulo-ocular 
projections (VO) arise from neurons in the superior 
and medial vestibular nuclei and travel a parallel 
course up the medial longitudinal fasciculus (MLF) 
to the third, fourth and sixth cranial nerve nuclej 
which serve extraocular muscle function.? This is a 
major portion of the neuroanatomical basis for eye 
movements resulting from canal activity namely, 
nystagmus. Considerable physiological evidence in- 
dicates that the pathway arising from the superior 
nucleus is inhibitory while the contralateral 
pathway from the medial vestibular nucleus is ex- 
citatory.* The result is a directional eye movement. 
3) The commissural connections (VV) are carried 
over neurons located within the superior and 
medial vestibular nuclei and are activated only by 
canal stimulation.‘ This response is primarily an in- 
hibitory one on the opposite vestibular nuclei. The 
clinical effects of commissural activity or dysfunc- 
tion are not known, but a method of testing this 
reflex would be useful. 4) The vestibulospinal con- 
nections (VS) from the cristae originate in the 
medial vestibular nucleus and travel down the 
medial longitudinal fasciculi (MLF) to the upper 
thoracic and cervical cord mctor neurons.’ They 
are responsible for neck and upper limb muscle 
reflexes as a result of canal activity. 
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Fig. 5. Summary of the reflex connections of the utricle. 
MVST - Medial vestibulospinal tract; LVST - Lateral 
vestibulospinal tract. See Fig. 3 for additional abbrevia- 
tions. 


MACULAE 


The first order neurons from the utricular and 
saccular maculae travel in the remaining caudal 
one half of the vestibular nerve (Fig. 1). Logically 
they terminate more caudally in the vestibular 
nuclei (Fig. 4). Although they also bifurcate into 
ascending and descending branches, the ascending 
branch does not reach the superior vestibular 
nucleus. The ascending branch of the utricular 
neurons terminates on rather large neurons in the 
ventral portion of the lateral vestibular nucleus.’ 
The descending branch forms many collaterals and 
terminates in the medial vestibular nucleus in the 
area previously described for the semicircular canal 
neurons. It is here that we have an indication of the 
interaction of the various sense organs of the 
labyrinth in the vestibular nuclei. The descending 
branches of the ucricle and all three semicircular 
canal cristae terminate in a restricted area of the 
medial vestibular nucleus. 


The saccular nerve input represents the smallest 
numerically of all vestibular sense organs and is 
somewhat similar to the input of the utricular nerve 
in the lateral medial vestibular nuclei. The saccular 
input differs from the utricular in that it also sends 
a significant branch to the group Y nucleus,’ which 
is located near the dorsal acoustic stria. This ter- 
minus differentiates the central termination of sac- 
cular neurons from all other first order vestibular 
afferents. 


The utricular reflex connections can be sum- 
marized as ascending and descending (Fig. 5). The 
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Fig. 6. Summary of the reflex connections of the saccule. 
IFC ` Infracerebellar nucleus; Y - Group Y nucleus. See 
Figs. 3 and 5 for additional abbreviations, 


characteristic major reflex connection of the utricle 
is a descending one in the medial (MVST) and 
lateral (LVST) vestibulospinal tracts. The medial 
vestibulospinal tract is similar to that described for 
the cristae and originates in the medial vestibular 
nucleus. Its axons travel via both MLF to the cer- 
vical and upper thoracic cord.’ The lateral 
vestibulospinal tract which originates in the lateral 
vestibular nucleus travels the entire length of the 
spinal cord ending near its anterior horn cells. The 
lateral and medial vestibulospinal tracts have an ex- 
citatory and inhibitory role to play in the 
maintenance of antigravity muscle reflexes. The 
utricular afferents terminate only in the ventral 
portion of the lateral vestibular nucleus which pro- 
jects to the cervical and thoracic cord levels. 
Therefore, the utricle is especially concerned with 
neck and upper limb muscle reflexes, while the 
lower trunk and limb reflexes are influenced 
primarily by the cerebellar projections onto the dor- 
sal division of the lateral vestibular nucleus. The 
ascending connections of utricular input are to 
those extraocular eye muscles that are concerned 
with horizontal eye movements. These represent the 
basis for compensatory eye movements from the 
utricular activity. 


The function of the saccule in mammals appears 
to be a very subtle one since its dysfunction does not 
manifest itself clinically in a recognizable way. This 
enigma is borne out by the unimpressive central 
connections of the neurons from this sense organ 
(Fig. 6). The medial and lateral vestibulospinal 
tracts are one of the central reflex connections of the 
saccule. However, they are not very prominent and 
are overpowered by the magnitude of the 
vestibulospinal effects from the utricle. The other 
central projections of the saccule are even smaller. 
The group Y nucleus projects in a commissural way 
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Fig. 7. Diagram of the origin and course of the efferent vestivalar pathway. DCN - Dorsal cochlear nucleus; VCN 
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(Published with permission.°*) 


to the contralateral vestibular nuclei and the in- 
fracerebellar nucleus (IFC) projects to the 
oculomotor nucleus. Neither of these is an impor- 
tant connection in terms of size and therefore do not 
lead to clinical signs when they have been altered. 

The efferent vestibular pathway is well- 
established and comprises a relatively small (300) 
number of neurons which are located in the brain- 
stem and project peripherally in the vestibular 
nerve to all vestibular sense organs (Fig. 7). The 
neurons which provide this pathway are bilaterally 
located near the vestibular nuclei where they may 
be contacted by incoming primary afferents and 
send their axons out the vestibular nerve with the 
olivocochlear bundle into the peripheral vestibular 
nerve branches. They disseminate their branching 
axons into the neuroepithelium of all the sense 
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gans. They ultimately terminate as small vesicu- 
lated nerve endings on the surface of the type H hair 
cells and on the afferent terminals of type I hair 
celis. The efferent vestibular component has been 
shown to have an inhibitory effect on action poten- 
tiats in the vestibular nerve following artificial 
stimulation in the brainstem. As with other efferent 
systems, the function of the vestibular efferent com- 
peaent in equilibrium is unknown. Nevertheless, it 
is elear that it is located in such a way that early 
contact by the input from all peripheral vestibular 
sense organs can be made in the brainstem. 
Therefore, the possibility of a quick effect on both 
the ipsilateral and contralateral labyrinths is pre- 
sent. A search for a mode of ev aluating this compo- 
neat of the vestibular system is also a desirable 
research and clinical problem. 
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Arthritis of the laryngeal joints occurs with most of the diseases which are manifest by polyarthritis. This publication discusses an 
unusual extension or complication of cricoarvtenoid arthritis, ulcerative necrosis of the postcricoid cervical esophagus which necessitated a 
total larvngectomy in a patient with advanced rheumatoid arthritis. 


Rheumatoid arthritis involvement ef the 
cricoarvtenoid articulations of the larynx is well 
established.'?7 We have emphasized that the 
larvngeal involvement in rheumatoid arthritis may 
be not infrequent and laryngeal function may not 
be impaired. To our knowledge, the compiication 
of deep esophageal ulcers at the level of the larynx 
has not been previously described as a complication 
of larvngeal arthritis. 


CASE REPORT 


This 60-vear-old female was seen in the fall of 
1976 for swallowing difficulties. A cuffed 
tracheotomy tube was in place. The tracheotomy 





Fig. 1. The detect (arrows) in the cervical esophagus was 
diagnosed as a “pseadodiverticulum.” 
had been necessitated because of aspiration com- 
plicated by bilateral pneumonitis and pleural effu- 
sions, 





Fig. 2. Gross photograph of posterior surface of the 
larynx, demonstrating a large penetrating ulcer (arrows) of 
the cervical esophagus. A similar ulceration was present on 
the posterior wall of the cervical esophagus. 


The patient suffered from rheumatoid arthritis of 
35 years’ duration with crippling deformities 
developing over the last several years. Treatment 
for the past six vears had predominately been Buf- 
ferin® , Plaquenil® and gold. She required multi- 
ple operative procedures for joint ankylosis. She had 
also experienced subcutaneous rheumatoid nodules 
at multiple sites which had occasionally ulcerated. 


Within the past six months, the patient had in- 
creasing dysphagia resulting in a 30-pound weight 
loss and an emaciated appearance. For the past 
month, she had been unable to swallow Bufferin 
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Fig. 3. Photomicrograph of the larynx demonstrating 
the penetrating ulcer (arrow) of the esophagus with 
destruction of the cricoid cartilage. (x2) 


tablets. In this period she developed increasing 
stridor necessitating the tracheotomy one week 
before this evaluation. 


Other medical problems included marked 
neurosensory hearing loss with poor discrimination 
that increased in severity following Plaquenil 
therapy. Her vision had diminished over a four- year 
period and presently she is considered legally blind. 


Indirect laryngoscopy demonstrated fixed true 
cords in the near adducted position with evidence of 
pooled saliva in both piriform sinuses and the glot- 
tic region. A cuffed tracheotomy tube was in place. 


Direct larvngoscopic evaluation showed midline 
fixation of both arytenoids from cricoarytenoid 
arthritis and swelling of the posterior pharyngeal 
wall. Radiological examination demonstrated 
aspiration of secretions and a postcricoid 
“pseudodiverticulum” (Fig. 1). 


Chest x-rays were interpreted as showing 
bilateral pneumonitis and pleural effusions with 
some evidence of obstructive pulmonary disease. 
The barium swallow examination was reviewed 
and the previous postcricoid diverticulum was in- 
terpreted to be a lesion of the upper cervical 
esophagus. 





Fig. 4. Photomicrograph of the larynx demonstrating 
fibrous obliteration of the cricoarytenoid articulation 
(right arrow). Rheumatoid nodule (left arrow) is present 
between the thyroid cartilage and the hyoid bore. (x2) 


Esophagoscopie examination of the area showed 
an ulcerated, necrotic lesion anteriorly and 
posteriorly in the cervical esophagus. The posterior 
cricoid lamina and the prevertebral fascia were ex- 
posed. Biopsies of these sites were interpreted to 
represent granulation tissue. 


Treatment consisted of hyperalimentation and 
packed red blood cell transfusions. The patient’s 
general health improved and she was considered a 
candidate for surgical closure of the larynx or total 
laryngectomy. A total laryngectomy was performed 
to enable the removal of the esophageal ulcerations 
and reestablish deglutition. 


Postoperatively, the surgical site healed without 
complications and the patient rapidly regained her 
original weight. The pneumonitis and pleural effu- 
sions disappeared. One year postlaryngectomy the 
patient has mastered esophageal speech and she is 
well rehabilitated except for the rheumatoid arth- 
ritis. 


Pathology. Gross examination of the excised 
larynx and cervical esophagus confirmed the vocal 
cord fixation in the position cf adduction and the 
anterior and posterior ulcerations of the cervical 
esophagus (Fig. 2). The tissues were submitted in- 
tact for giant histological whole organ sections at 
step intervals using the celloidin technique. 
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Histological examination of the larynx and 
esophagus demonstrated the following findings. 
The cricoerytenoid articulation was destreved by 
fibrous obliteration with angulation of the 
arytenoid (Fig. 3). In an area adjacent to the 
thyroid cartilage. a rheumatoid nodule with central 
necrosis was present. The ulcers of the esophagus 
(Fig. 4) were deep and penetrating with areas of 
purulent exudate and granulation tissue. 


` . DISCUSSION 


The fibrous ankylosis of the cricoarytenoid joints 
and rheumatoid granuloma document the iavolve- 


ment of the cricoarytenoid articulation by rheuma- 
toid arthritis. The origin of the ulcerations of the 
esophagus are speculative. The purulent inflam- 
matory response and granulation tissue suggest a 
bacterial inflammatory response. The inciting epi- 
sode may have been mucosal trauma from food in- 
gestion or toxic damage from medications. Since 
acetylsalicylic acid medications predispose to 
gastric ulcerations, perhaps this was a factor in our 
patient. She complained of difficulty in swallowing 
the medications required for the rheumatoid arth- 
ritis. The ulcerated areas were too extensive to con- 
sider a more conservative therapeutic approach and 
the larynx was nonfunctional. 
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ALZNEIMER’S PATIENTS SOUGHT 


The National Institute of Neurological and Communicative Disorders and Stroke plans a double-blind study to test the usefulness of a 
vasopressin analog in improving the memory of patients with Alzheimer’s disease. Preliminary reports from Europe have shown similar 


drugs to be effective in patients with confusion and meraory loss, 


Each person referred for the project will receive a complete physical examination and tests to rule out any treatable causes of demen- 
tia. This will involve a hospital stay of approximately three weeks. at no cost to the patient. 


Clinicians who weuld like to refer patients for the study should contact Dr. Raymond Durso, Experimental Therapeutics Branch, 
NINCDS, National Institutes of Health. Bldg. 10, Rm 55-235, Bethesda, MD 20205: telephone (301) 496-4149, 


NBSA STIPENDS INCREASE 


Effective July 1, 1980, all individuals supported by National Research Service Awards will get boosts in their annual stipends. 


Additional details are given in the October 26, 1979, NIH Guide for Grants and Contracts. 


*This columan is prepared monthly by the Office of Scientifie and Health Reports, National Institute of Neurological and Communicative Disorders and 
Stroke. For further information, write or call Carolyn Holstein, NINCDS/OSHR, NIH Bldg, 31, Room 8A-16, Bethesda, MD 20014, (301) 496-5751. 
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The purpose of this investigation was to determine the influence of iwo types of attention-requiring tasks on vestibular nystagmus 
elicited by caloric stimulation: mental arithmetic and a short conversation. The subjects were divided into four groups according to 
stimulus paradigm and task. It was found that conversation was consisteatiy superior to mental arithmetic in engaging the cortex and 
preventing response decline and even reverse caloric-induced habituation. 


The vestibuloocular reflex is affected by various 
extravestibular factors, such as visual input and 
degree of arousal. It has been demonstrated 
repeatedly, that the performance of so-called “men- 
tal” tasks augments the vestibuloocular reflex.' 
However, attempts to obtain additional objective 
indication of the degree of arousal such as EEG 
alpha attenuation, have not been entirely suc- 
cessful.?4 


The most commonly utilized alerting method 
during clinical testing of the vestibular system is the 
performance of mental arithmetic by the patients. 
This method, while effective and satisfactory in 
general, is not always effective in our experience 
with pediatric or geriatric patients. Following the 
suggestion of McLay® and an observation made by 
Lachman et al we investigated the effect of simple 
conversation on vestibular nystagmus and com- 
pared its effect to the effect of mental arithmetic. 
We also investigated the effect of conversation upon 
the time course of vestibuloocular reflex magnitude 
elicited by repeated stimulation. 


METHODS 


Electrooculographic recording of horizontal eve movements 
was performed with periorbital electrodes by an Offner 
Dvynograph Recorder (Beckman Instruments, Shiller Park, IL) in 
semidarkness behind closed eyelids. Caloric stimuli eonsisted of 
ice water delivered to the external auditory meatus with a syringe 
through a speculum, under direct vision. Duration and total 
number of irrigations varied with stimulus paradigm. 


The subjects were divided into four groups. Group A consisted 
of 15 subjects, 8 normal volunteers, (3 males and 5 females, ages 
23-29), and 7 patients (4 females and 3 males, ages 27-56) with 
diagnoses of peripheral vestibular disease. All were subjected to 5 
or 10 ce ice water calorics and were instructed to perform a men- 
tal arithmetic task. When slow phase velocity plateaued, the 
mental arithmetic task was discontinued and the subjects were 
engaged in a short conversation, 


The next three groups were subjected to a habituation 


paradigm: 2 cc ice water irrigations were delivered repeatedly at 
30-second intervals, up to 35 times. Group B cansisted of six nor- 
mal subjects (males, aged 20-31). No mental task was assigned 
during the habituation trial. A short conversation was initiated 
fohowing the last stimulus. Group C consistedsalso of six normal 
volunteers (ages 24-30) subjected to monaural 2 ce ice water ir- 
rigations repeated every 30 seconds. Their task was the perfor- 
manee of mental arithmetic. The stimulus paradigm utilized for 
the six subjects (ages 20-28) in group D was identical to the latter 
two groups. The attention-requiring tasks consisted solely of con- 
versation (three subjects), and of mental arithmetic during the 
first ten trials followed by conversation (three subjects). 


Our “short conversations” consisted of simple reflective ques- 
tions posed by the experimenter. The experimenter was always 
positioned behind and to the left of the examimation table. Their 
content varied according to the subject’s age, occupation and 
bavkground, which were determined prior to the experiment. For 
example, with a medical student subject, various aspects of family 
practice were discussed. With a middle agec housewife who, 
prior to the experiment had volunteered information about her 
family, the discussion was continued during the experiment. All 
our subjects were unaware of the purpose of the conversation and 
these who started out by performing menta! arithmetic, wel- 
comed the change. 


Two parameters were utilized to assess nystagmus magnitude 
under the various experimental conditions: beat frequency and 
average slow phase velocity for a five-second tane interval. The 
relutive location of this time interval varied with stimulus 
paradigm. For group A, a five-second interve: during response 
culmination with the arithmetic task was chosen. Another 
measurement was made following the initiation of conversation. 
For the latter three groups subjected to a habituation paradigm, 
slow phase velocity and beat frequency were measured during a 
five-second response culmination period follosving each irriga- 
tioa. In order to determine the significance of differences between 
the nysteagmic responses under the various conditions, £ tests and 
analysis of variance were performed. For the habituation 
paradigms, a significant response decline or the lack of it was 
determined by the slope of responses to consecutive caloric 
stimuli. 





RESULTS 
In group A, a significant increase in slow phase 
velocity (d = 9.47°/sec) indicated by statistically 
significant t and F scores (P<0Q.001) occurred 


From the Department of Speech Pathology-Audiology, Glenrose Hospital, Edmonton, Alberta, Canada: and the Department of Otolaryngology and 


REPRINTS - Paul Kileny, PhD, Supervisor, Audiology. Glenrose Hospital, 10236 - 111 Avenue, Edmonton, Alberta, Canada TSC OBT. 


10 KILENY ET AL 


Fig. 1. Increase in slow phase velocity and a conjugate 
lateral eye deviation are observed in the postcaloric 
nystagmus tracing af two subjects. Stimulus: 5 ce ice 
water. In each pane. the upper trace marks one second in- 
tervals. the middle :race is ocular displacement. and the 
lower trace, slow pk ase velocity and averaged slow phase 
velocity (heavy bars, 5 mm = 5° sec), Arrow - Point of 
beginning of conversation arousal. 


following the initiation of conversation. Beat fre- 
quency was not a-fected in most cases (mean dif- 
ference for the group d = 0.75 beats/5 sec). As 
shown in Figure 1, initiation of conversation coin- 
cided in many cases with a conjugate lateral eye 
deviation to the right or to the left appearing as a 
baseline shift of the electrooculographic tracing. 


Stimulus repetition in group B resulted in a 
decline in slow phase velocity as indicated by 
negative slopes rar.ging from —0.24 to — 0.93” ‘sec 
and statistically significant negative correlations be- 
tween stimuli and slow phase velocity (r=0.52 to 
—(0.62, P = 0.05). There was a recovery of the 
response with the initiation of conversation at the 
end of the trial as shown in Figure 2. Beat frequen- 
cy did not change significantly with stimulus repeti- 
tion. 


In group C, stimulus repetition resulted in a 
significant decline in slow phase velocity in three of 
the subjects as shown in Figure 3 (slopes ranging 


from —0.25 to —0.78°/sec). Beat frequency re- 
mained constant in all six subjects. 


In group D, where the attention-requiring task 





Fig. 2. An almost extinct nystagmus following habitua- 
tion training (2 ce ice water delivered at 30 sec intervals) is 
restored (arrows) by engaging the subject into a short con- 
versation. A) Nystagmus tracing following the last caloric 
stimulus: the subject was performing mental arithmetic. 
B) Continuation of A. At point designated by arrow the ex- 
perimenter talks to subject. C) A conversation develops 
between experimenter and subject. 


consisted predominantly of conversation, a constant 
level of slow phase velocity was maintained or, as il- 
lustrated in Figure 4 slow phase velocity increased 
slightly. Beat frequency was constant throughout 
consecutive trials. 


A change of mental task from arithmetic to con- 
versation was followed as a rule by an increase in 
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Fig. 3. Habituation of nystagmus slow phase velocity with repeared calorie stimulation (2 cc ice water delivered every 30 


sec), The task in this case consisted of mental arithmetic. 


method throughout a habituation paradigm con- 
sisting of repeated unilateral ice water irrigations, 
slow phase velocity remained constant. With no 
mental task assigned to the subjects or in three of six 
subjects performing mental arithmetic, stimulus 
repetition brought about a decline in slow 
phase velocity. A simple question/answer sequence, 
however, restored the habituated response. With 
the exception of the cases where a complete 
response extinction occured as a result of stimulus 
repetition, beat frequency of nystagmus was not 
significantly affected by type of mental task. 


The main purpose of the vestobuloocular reflex in 
daily life is the stabilization of images during brief 
duration (eg, 0.5 sec) head movements. A gain of 
1.0, necessary under those circumstances is usually 
achieved by the central nervous system probably 
through some form of parametric adaptation.’ A 
clinical caloric stimulus or a sustained angular ac- 
celeration have longer effects relative to natural 
stimulation. The important contribution of mental 
activity to the vestibuloocular reflex elicited by a 

“single stimulus” or the outcome of a habituation 
training paradigm indicate that under those condi- 
tions the vestibuloocular reflex is affected by 
changes in attention and arousal. The vestibuloocu- 
lar reflex is elicited frequently during one’s waking 
hours without the need for controlled mental activi- 
ty, vet if a subject performs no mental activity, 
caloric stimulation will result in very little 
nystagmic activity. It appears that whenever the 
vestbulooc uray oo consists of a numer pi 


ee a crucial role i in its ate Bee ae the 
effects demonstrated in the present study, one could 
hypothesize that an attention-requiring intellectual 


task will maintain or restore the general arousal 


reactio. or counteract its habituation. The 
generalized arousal reaction ir turn will help main- 
tair the sensitivity of the vestibular system and 
comteract its habituation." '® 


“4s indicated by the magnitude of nystagmus slow 
phase velocity, simple conversation was more effec- 
tive in maintaining a constant state of arousal than 
mestal arithmetic. An additional pessidle indica- 
tice of the effectiveness of conversation in the 
elic tat on of an arousal reaction, were the con- 
jugate lateral eye movements observed to occur 
following initiation of conversation (Figs. 1 and 2). 
These 2ye movements occurred both to the right 
anc to the left. The direction of the conjugate eye 
mevernents was specific to each subject. and there 
appeared to be no interaction between direction of 
nystagmus and those eve movements. Spontaneous 
lateral eye deviations related to attention and 
thought processes have been described extensively 
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Number of Stimuli 


Fiz. 4. Repeated caloric stimu-ation does not result in 
sponse decline when using conversation as an alerting 
method. 
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in the psychological and _ physiological 
literature." “ In general, those eve movements oc- 
curred during the zime interval between a question 
and an answer, In this study, the baseline shifts in 
the electrooculogrephic recording that followed ini- 
tiation of conversation could have been those eve 
movements. 


Beat frequency was not affected significantly by 
change of mental task, with the exception o! cases 
` where a complete extinction of nystagmus response 
was Obtained as a result of stimulus repetition. 
Since ocular displacement is limited by anatomical- 
physiological constraints, with sustained vestibular 
stimulation the vestibuloocular reflex is periocically 
interrupted by the fast component of nystagmus. 
Barr et al’ statec that with horizontal angular 
oscillation it was difficult to determine the integrity 


of the vestibuloocular reflex or the gain of the slow 
phase by counting fast phases (ie, beats) due to a 
large spread of this parameter. As shown by Mc- 
Cabe,"* it is possible to decrease the velocity of the 
fast component (and thus beat frequency) by lesions 
to the reticular formation or by drugs affecting it 
without altering the velocity of the slow compo- 
nent. Thus, the lack of changes in beat frequency 
demonstrated by this study suggests that the various 
experimental conditions predominantly affected 
vestibular centers. 


Since conversation does help in obtaining a brisk 
vestibular nystagmus, we suggest that it may be 
more useful in clinical practice than mental 
arithmetic. In our experience patients seemed to 
prefer it and appeared more motivated to pursue it 
than mental arithmetic. 
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The frequency of occurrence, location and course of the branch of the sin gula nerve in the otic capsule in man was investigated by ex- 
amining the histological sections of 223 human temporal bones. In the proximal portion near the internal audito-v meatus the branch of the 
singular nerve was observed in 194 bones (87%), and was seen to join the mais runk of the singular nerve in 181 of those bones, In the 
distal portion near the posterior semicircular canal ampulla in 58 bones (26%) anc in 45 of those bones it was seen to arise directly from the 
main trunk of the singular nerve. In 13 bones the branch was seen taking its course in the otic capsule independently from the main trunk 
all the way to the posterior canal crista. The accessory portion of the branch of the singular nerve reached the dura mater of the posterior 
cranial fossa near the internal auditory meatus in 11 of 223 bones. 


INTRODUCTION 15-weekscld fetuses. The fetal temporal bones were stored in 10% 
formalin end decalcified, dehydrated, embedded in paraffin, and 
The branch of the singular nerve (posterior am- sectioned aorizontally (or sagittally) a: 30 p. The sections were 


ther stained alternately with Masson’s trichrome or silver nitrate- 
gold chlexide solution. The other 178 temporal bone specimens 
were from 114 individuals ranging fromm newborn to 102 years of 


pullary nerve) in the human temporal bone was 
first found by Gacek' in 1961 in four ears. He 


reported the branch to be located superior to the age. Approximately two thirds of these specimens were of infants 
singular nerve in the otic capsule, innervating only or children. These specimens were fixed in 10% formalin, de- 


calcified. dehydrated, embedded in celloidin, and sectioned 
horizontally at 20 p, Every tenth section was stained with H and 
E amd mo inted on a glass slide for light microscopic study. Addi- 


the most posterior end of the posterior canal crista. 
Subsequently, Montandon et al? reported that in all 


of 640 human temporal bones in their collection tional sections were stained, as necessery, to trace the course of 
there were two nerves, one large and one small, the branch of the singular nerve more accurately. 

which innervated the posterior crista. He stated | 

that these two nerves traveled in separate bony RESULTS 


3 
canals almost to the ampulla. Bergstrom stated Franch of the Singular Nerve near the Internal 
that the branch left the mainstem of the vestibular Auditor; Meatus. In 194 (67%) of the 223 human 
nerve 1-2 mm proximal and slightly superior to the tempi rel bones examined, the branch of the singu- 
main trunk of the singular nerve. She also reported lar nerv2 was observed in the area near the internal 
that in 39 of 40 temporal bones the branch left the auditory meatus. In 181 (93.3%) of those 194 bones 
internal auditory meatus and ran in its own bony the branch joined the main trunk of the singular 
canal in the otic capsule immediately proximal and nerve in the otic capsule. In the remaining 13 bones 


slightly superior to the singular sie . In most of (6 the branch taa inde senders ron do 
these bones, the branch united wit the nay S main trank all the way to the posterior canal am- 
gular nerve 2-3 mm from the internal auditory 


meatus, and reached the posterior ampulla together pole: 

with the main singular nerve, but, in a few bones The branch of the singular nerve in this area was 
the branch ran in its own canal all the way to the classified by its course into three types: I, IH, and IH 
ampulla. (Fig. 1). 

The purpose of this paper is to investigate, in Fype I was a curved-line type within its own 
detail, the frequency of occurrence, location, and bony camaliculus. This type of branch was subclassi- 
course of the branch of the singular nerve in the otic fied inte two groups, I-a and b, according to its 
capsule to gain more concrete anatomical informa- course in the otic capsule. Type I-a was observed 
tion regarding this structure. entering the otic capsule through the posterior wall 

i of the irternal auditory meatus in the area close to 
METHODS but medial (approximately 470 p) and superior (ap- 

A total of 223 human temporal bones (137 cases) were studied. proximately 700 x) to the main trunk of the singular 

Forty-five of these bones (23 cases) were from 10, 12, and nerve (Pig. 2). The branch ran posteriorly, lateral- 
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SUPERIOR VIEW ANTERIOR VIEW 








Fig. 1. Schema shows five different types (I-a, I-b, H-a. 
H-b, and HE of the branch according to its course near the 
internal auditory meatus, and the superior and cross sec- 
tion views of the branch (black) and the main trunk of the 
singular nerve (grey). Directions: A - Anterior; I - Inferior: 
L -Lateral: M - Medial; P - Posterior: S - Superior. 


ly, and inferiorly in an S-shaped curve to join the 
medial portion of the singular nerve at its midpoint. 
It was seen in 75 (38.7%) of the 194 bones in which 
the branch was observed. 


Type I-b was the independent branch which en- 
tered the otic capsule at the same point as type I-a 
and ran in a similar course. Type I-b, however, 
never joined the singular nerve, but ran its own 


course parallel and superomedial to the singular 
nerve all the way to the posterior canal ampulla. It 
was observed in 13 (6.7%) of the 194 bones having 
the branch. The type I branch was observed only in 
postnatal individuals and was the most common 
type in 88 (56.8%) of the 155 postnatal temporal 
bones having the branch. 


Type H was a straight-line type of branch which 
had its own bony canaliculus, and was also classi- 
fied into two subgroups, type H-a and type H-b. 
Type I-a entered the otic capsule through the 
posterior wall of the internal auditory meatus medi- 
al and superior to the main trunk of the singular 
nerve, as did the branch in type I. The branch ran a 
straight course posteriorly, laterally, and inferiorly 
and joined the medial portion of the singular nerve 
between one fourth and three fourths of its distance 
from the posterior wall of the internal auditory 
meatus. It was seen in 41 (21.1%) of the 194 bones 
in which the branch was observed. 


The branch classified as I-b entered the otic cap- 
sule through the posterior wall of the internal 
auditory meatus medial to the singular nerve and 
ran a straight course posteriorly and laterally (Fig. 
3) to join the main trunk in the same area as did the 
branch classified as type I-a. This type of branch 
was seen in 44 (22.7%) of 194 bones having the 
branch. 


Regarding the frequency of occurrence of the 
branch labelled type II: the majority of bones with 
tvpe Il-a branches (30/41, 73%) were from fetuses, 
whereas all of the bones with type II-b branches 
(44/44, 100%) were from postnatal individuals. 
The branch classified as type IH was most commonly 
seen in fetuses, occurring in 30 (76.9%) of 39 
prenatal bones with the branch, and was fairly 
commonly seen in postnatal individuals, occurring 
in 55 (35.5%) of 155 postnatal temporal bones with 
the branch, the second most common type seen in 
these individuals. 


The distance between the branch of the singular 
nerve in types I and II (at the orifice of its 
canaliculus on the posterior wall of the meatus) and 
the orifice of the internal auditory meatus (at the 
posterior edge) was measured in the horizontal sec- 
tions and found to be always less (average of 4.26 
mm) than that between the main trunk of the 
singular nerve and the orifice of the internal 
auditory meatus (average of 4.73 mm). The orifices 
of both the main singular canal and the canaliculus 
of the branch on the posterior wall of the internal 
auditory meatus were usually located at, or very 
close to, the border between the periosteal lamellar 
bone medially and the enchondral bone (which was 
exposed to the internal auditory meatus) laterally. 
Thus, the length of those distances depended upon 
the thickness of the periosteal bone; for example, a 
shorter distance was usually observed in fetal or in- 
fant cases with thin periosteal bone. 
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Fig. 2. A) Temporal bone slide from a 1-month old infant shows the branch (arrow. BS) of type I-a entering te otic cap- 
sule from the posterior wall of the internal auditory meatus (IAM) seperomedial to the main trunk of tke singular nerve. B) 
The main trunk of the singular nerve (MS) entered the otic capsule at abcut 800 u below the branch. Halfway along the 
singular nerve toward the posterior ampulla. the branch (arrow, BS: joins the singular nerve after its s-Shaped curve is com- 
pleted. (H & E. x45) 


Type HI directly entered the singular canal, as 
did the main trunk of the singular nerve, and ran 
parallel and posteromedial to the main trunk (Fig. 
4), joining the same area of the main trunk as did 
the branch in type I-a and b. This was a straight- 
line tvpe of branch and was seen in 21 (10.8%) of 
the 194 bones in which the branch was observed. Of 
those 21, 12 (57%) were postnatal bones, whereas 
the remaining 9 (43%) were fetal bones. In 39 
(13%) of 223 bones, no branch was identified near 
the internal auditory meatus. 


An accessory portion of the branch of the singular 
nerve was present in 11 (5.7%) of the 194 bones in 
which the branch was observed. It was found in 
temporal bones with branches of types I-a or H-b. 
This accessory branch separated from the branch 
either in the internal auditory meatus or in the otic 
capsule, and after separating it ran in the otic cap- 
sule medially and inferiorly with a mild loop almost 
parallel to the posterior wall of the internal audi- 
tory meatus to reach the dura mater of the posterior 
cranial fossa posterolateral to the posterior margin 
of the orifice of the internal auditory meatus (Fig. 
5). 

Branch of the Singular Nerve near the Posterior 
Canal Ampulla. The branch was observed near the 


pesterior canal ampulla in E8 (26%) of 223 tem- 
peral bones examined. In 48 (77.6%) of those 58 
benes, it branched from the medial portion of the 
main trunk of the singular nerve. Im the remaining 
1S bones (22.4%), the branch ran, ia its own bony 
canal, independently from the main trunk all the 
wav from the internal aucitory meatus to the 
pesterior canal ampulla and was composed of con- 
tinuous nerve fibers. as seen in the type l-b branch. 


The courses of the branch near the posterior 
canal ampulla were classified into three tvpes: 
Types A, B, and C. Type A was observed to be sep- 
arate from the main trunk along approximately 
three fourths of the entire length of the singular 
nerve in the singular canal from its proximal end. 
Atter leaving the singular canal, the branch ran 
posteroinferiorly in the area medial to the singular 
nerve. The branch had its own bony canal and 
cribritorm area separate from those of the main 
trunk (Fig. 7), and joined the singular nerve at the 
subepithelial area along most of the posteromedial 
ead ef the posterior canal erista. It was seen in 26 
(68.3%) of the 58 bones in which the branch was 
observed in the distal portion. Type B was seen to 
branch off in the same way as type A. The branch 
had its own bony canal: however, it rejoined the 
medial portion of the main trunk of the singular 
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Fig. 3. Temporal bone of a 59-year-old adult sem- 
onstrates the branch (BS, arrow) of tvpe H-b entering the 
otic capsule and running medial to the singular nerve 
(MS). IAM - Interna: auditory meatus; ST - Scala tympani: 
SV - Scala vestibuli: VAD - Utriculoampullar duct. ef & 
E. x35) 


nerve at the cribriform area. It was seen in 17 
(29.3%) of the 58 bones with the branch m the 
distal portion. Type C was quite similar to type A in 
the areas of the cribriform plate and posteriorcanal 
ampulla; however, is did not branch from the main 


we 





trunk of the nerve. It ran independently of the main 
trunk in its own bony canal all the way through the 
otic capsule. Thus, Type C was made up of continu- 
ous nerve fibers, as was type I-b. Is was seen in 13 
(22.4%) of the 58 bones in which the branch was 
observed in the distal portion. 


In 165 (74% ) of 233 bones, the branch was not 
identified near the posterior canal ampulla. This 
finding was common in both fetal and prenatal 
temoral bones. 


The branch of the singular nerve near the 
posterior canal ampulla was observed in 7 (41.2%) 
of 17 bones with the crista neglecta. The branch in 
those seven bones always innervated the posterome- 
dial end of the posterior canal crista. In five 
(71.5% ) of those seven bones, the nerve fibers of the 
branch also innervated the crista neglecta. In the 
remaining two bones with the branch, as well as in 
ten bones without the branch, the main trunk of the 
singular nerve innervated the crista neglecta. 


The relationship between the branch, of various 
types. of the singular nerve near the internal audi- 
tory meatus and the branch near the posterior canal 
ampulla is shown in Table 1. Of 194 temporal bones 
in which the branch was observed near the internal 
auditory meatus. 52 bones (26.8%) showed the 
branch near the posterior canal ampulla, whereas 
in 58 bones in which the branch was observed near 
the posterior canal ampulla, 52 (89.7%) showed the 
branch near the internal auditory meatus. There 
was no branch of the singular nerve observed in 
either the proximal portion or the distal portion in 
23 (10.4%) out of 223 temporal bones. 


A comparison of the frequency of occurrence of 
the branch in the prenatal specimens and in the 
postnatal specimens is shown in Table 2. Near the 
internal auditory meatus, the branch was seen in 39 


Fig. 4. Temporal bone of a 7-year-old child sowing the branch (BS, arrow) of type IH entering the singular canal with 
the main trunk of the singular nerve (MS). [AM - Internal auditory meatus; UAD - Utriculoampullar duct. (H & E. x37) 
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5 cases 


Fig. 5. Scherna shows the accessory portion of the 
singular nerve branch in four different types (arrows). In 
11 of 223 bones the accessory portion was observed in types 
I-a and H-b, and emerged from the branch of the Gan 
nerve either in the otic capsule (as shown in 1) or thesnter- 
nal auditory meatus (as shown in 2). Its nerve fibers inner- 
vated the dura mater in the posterior cranial fossa. Direc- 
tions: A - Anterior; L - Lateral: M - Medial: P - Posterior. 
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Pur. 7. Ear of a 7-vear-old child shows the branch (BS, 
arrow} o type A reaching through its own cribriform area 
to tho wad] a the posterior ampulla (PA). The branch is en- 
tirev separate from the singular nerve (MS) in the singular 
canai. PC - Posterior crista. GH & E. <37) 


(86.7%) of 45 prenatal specimens, and in 155 
(87.1%) of 178 postnatal specimens. The branch 
was seer near the posterior canal ampulla in 3 
(6.72) prenatal and in 55 (30.9%) postnatal 
Speci mers. 


Tae frequency of occurrence of the branch of the 
singiwar erve in cases of congenital anomaly and in 
nonesngenital anomaly cases wes studied (Table 3). 


Near the internal auditory meatus, the branch was 
seer in 64 (84.2% ) of 76 temporal bones of congeni- 


TABLE b FREQUENCY OF OCCURRENCE OF TYPES OF 
BRANCHES OF THE SINGULAR NERVE IN 








Proximal Portion Near Posterior Canal Ampulla 
Poston” A B C No Branch Total 





13 0 13 


0 35(28) 4130) 
0 35 44 

0 17(8) 219) 
0 2316) 296) 


13 165(42) 293/45) 





Number iv parentheses indicates number cf fetuses, 
Pew b. Bea. H-b. HI- See Fig. L 
AL Co See Fig. 6. 
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TABLE 2. FREQUENCY OF OCCURRENCE OF BRANCH 
OF SINGULAR NERVE IN PRENATAL AND 
POSTNATAL CASES 


on eas OO eg ta se ONO ca Oct 

PRENATAL Near IAM 39 (86.7 
Total of 45 Cases Near PCA 3 | a 

POSTNATAL Near IAM LS) 


155 í 
Total of 178 Cases Near PCA 55 30.9%) 


IAM - Internal auditory meatus; PCA - Posterior canal ampola, 


tal anomaly-cases, and in 91 (89.2%) of 102 bones 
of noncongenital anomaly cases. Near the posterior 
eanal ampulla, the branch was seen in 20 (26.3%) 
congenital anomaly cases and in 35 (34.3%) non- 
congenital anomaly cases. 


TABLE 3. FREQUENCY OF OCCURRENCE OF BRANCH 
OF cane AN Doane IN CASES eg eee 





Cases Bra ah O NO, 


CONGENITAL ANOMALIES 
Total of 76 Cases 





Near [AM 
Near PCA 


64 (64.2% 
20 (36.3%) 


ACQUIRED DISEASES Near IAM QL (89.2%) 
Total of 102 Cases Near PCA 35 (4.3) 


DISCUSSION 


The present study shows the location of the 
branch near the irternal auditory meatus to be sim- 
ilar to that reported by Bergstrom.’ In our study, 
the frequency of occurrence of the proximal branch 
was 78%, and the course of this branch shows 
variety. The proximal branch of the curved-line 
type, which is only seen in the temporal bones of the 
postnatal cases, appears to represent æ well- 


ENDOLYMPHATIC SPACE OF UTRICLE 


SINGULAR NERVE 


TO ORIFICE OF INTERNAL.AUDITORY 
CANAL 


developed shape of the branch of the singular nerve 
(Fig. 8). On the other hand, when the proximal 
branch is present in the bones of the prenatal cases, 

it is always seen as the straight-line type. The 
branch in this type appears to be a primitive form in 
a developmental process during fetal life. 


The observation in this study that the distal 
branch is separate from the main trunk of the singu- 
lar nerve in the area near the posterior canal am- 
pulla agrees with a case reported by Bergstrom.’ 
However, it should be mentioned that the frequen- 
cy of occurrence found in our study is much higher 
(20.2%) than reported by Bergstrom (2.5% ).” 


A completely separate branch, in its own canal, 
from the internal auditory meatus to the posterior 
crista is seen in 13 of 223 bones in our study. The 
frequency of occurrence of this branch (5.8%) is 
much less than previously reported (100% ).? 


Even though the frequency of occurrence of the 
proximal branch in both prenatal (86.6%) and 
postnatal (87% ) specimens is similar, the frequency 
of occurrence of the distal branch in the prenatal 
specimens is much less (6.6%) than that in post- 
natal specimens (30%). In addition, all 13 bones 
with a completely separate branch from the 
singular nerve are postnatal cases. In reviewing 
these facts, it appears that the branch near the 
posterior canal ampulla develops as the fetus ad- 
vances in age. The prenatal specimens in this study, 
however, were obtained from fetuses of 10, 12, and 
15 weeks of age only. A study of fetuses older than 
15 weeks would be eee hile for further observa- 
tion on this subject. 












47 POSTERIOR 
AMPULLA 





POSTERIOR SEMICIRCULAR CANAL 


POSTERIOR WALL OF INTERNAL AUDITORY CANAL 
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There was no anatomical correlation detected be- 
tween the proximal branch near the internal audi- 
tory meatus and the distal branch near the posterior 
canal ampulla. However, the presence of a com- 
pletely separate branch, mentioned above, was seen 
in 13 bones and may suggest that the nerve fibers in 
the proximal branch are the same as those in the 
distal branch. 


Only 7 out of 17 bones, in which the crista neg- 
lecta was present, showed the branch of the singu- 
lar nerve. Of those seven, five bones (71.4%) 
showed innervation to the crista neglecta from the 


branch, whereas the remaining two bones (28.6% ) 


were nervated by the main trunk of the nerve. In 
reviewing this fact, it appears that there is a close 


Transection of the posterior ampullary nerve was 
clinically successful and was recommended for pa- 
tients with benign paroxysmal vertigo by Gacek‘ in 
1974. However, the presence of the branch of the 
singula? nerve in a canal completely separate from 
that ef the singular canal (observed in 13 [5.8% ] of ° 
233 benes examined) could account for the failure 
to denervate completely the sense organ of the 
posterier semicircular canal ampulla in some of 
thesepatients. 
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The House and Senate Labor-HEW Appropriatiens Conference Committee aas approved a 14% increase in funding for the National 
Institute for Neurological and Communicative Disorders and Stroke for FY 1989. An appropriation of $242 million was recommended 
which is 7.1% of the total NIH budget for 1980. Congressional testimonies given by member organizations in the National Committee for 
Research in Neurological and Communicative Disoreers (NCR) helped to: garner Congressional support. A number of voluntary health 
organizations (e.g. Deafness Research Foundation) and professional societies (e.g. American Academy of Otolaryngology, American 
Otological Society, Triological Society and Association for Research in Otelarvyreology) are members of NCR. 
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EWING’S SARCOMA OF THE MANDIBLE 
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NEW YORK, NEW YORK 


Ewing’ s sarcoma is an uncommon neoplasm that primarily occurs in the long bones of the lower and upper extremities. Only 2% in- 
volve the mandibfe, and the maxilla is involved one eighth as often as the mandible. The most common site of metastases is the lung. In- 
creasing pain is the most common presenting symptom. A case of mandibular involvement is presented. The combination of a large, soft 
tissue mass ad:acent to an area of bone destruction in a young male should suggest the diagnosis. The previously poor five- and ten-year sur- 
vival rates of § and 4% respectively, may have promise of marked improvement. This improvement lies in a changing philosophy of treat- 
ment. Four-drug chemotherapy combined with prophylactic whole-lung irradiation has been added to local irradiation of the tumor bed, 


Five-vear survival figures of 20 to 30% appear obtainable. 


Although extensive surgical resection of the primary tumor in the long bones has 


for the most part been replaced by local irradiation for control, surgery in mandibular cases may still be the treatment of choice. 


Ewing's sarcoma is a relatively uncommon malig- 
nant neoplasm which comprises 4 to 5% of all 
primary bone tumors. It arises from the primitive 
mesenchyme of the medullary cavity invading the 
haversian system and extending to the subperiosteal 
area.) + 


This tumor has been reported in almost every 
bone including the small bones of the hands and 
feet. About 60% of these tumors occur in the long 
bones of the lower and upper extremities.’ the 
femur, humerus and tibia being the most commonly 
affected bones. Potdar* reviewed the largest series 
of mandibular tumors (234 cases) and found only 9 
cases of Ewing's sarcoma. His experience com bined 
with that of Dahlin,’ Coley et alf and Nouri and 
Hashemian’ reveals an average overall mandibular 
involvement in about 2% of the cases. Roca et al? 
reviewed the literature from 1949 to 1967 and 
found only 36 cases originating in the mandible. At 
present we can finc only 56 cases (including ours) in 
the world literature.’ 


We present this case report, with a review of the 
diagnostic findings and the current treatment con- 
cepts. 


CASE REPORT 


The patient was a 12-year old Caucasian male 
who had been in good general health until one 
month pricr to acmission when he noticed that 
when biting down, his left lower second molar 
tooth was loose. He had no associated pain, swell- 
ing, or discharge. One week later he noticed a 
painless swelling near the angle of the mandible. He 
was seen by an oral surgeon who found on x-ray 
that the “floating” tooth was in a bone tumor. Ex- 
traction of the tooth was performed and biopsy 
material obtained. Diagnosis of a giant cell tumor. 
a cyst of the jaw or a hemangiopericytoma was of- 


From the Departments of Otolaryngology and Radiology, Mount Sinai Medical Center. 
REPRINTS —- Peter M. Som. MD, Department of Radiology. Mount Sinai Medical Center, 1 Gustave L. 


20) 


fered on review of this biopsv. The patient was ad- 
mitted to hospital for further evaluation. 


Physical examination revealed a fleshy-appearing 
2 x 2 cm left lower alveolar mass with a friable sur- 
face (Fig. 1). A5.x 5 em hard, nontender mass was 
also palpated under the left mandible near the 
posterior third of the body and angle of the mandi- 
ble. It appeared to be contiguous with the alveolar 
mass. Plain films (Fig. 2), tomograms, and axial 
and coronal CT scans (Fig. 3A, B) revealed a well- 
demarcated Ivtic lesion of the mandible. The inner 
mandibular table and inferior marginal periosteum 
were elevated. A 4x5x3 cm well-defined mass ex- 
tended under the floor of the mouth deviating the 
axis of the hyoid bone and protruded into the 
oropharynx. The surrounding tissues were not in- 
vaded. 


A left hemimandibulectomy and tracheostomy 
were performed with complete resection of the 
mass. The postoperative course was uneventful and 
the patient was decannulated on the 12th post- 
operative day. The pathology report was Ewing's 
sarcoma. A liver scan, bone scan and chest 
tomograms were normal. The patient was dis- 
charged on the 17th postoperative day to receive a 
proposed treatment plan of 4500 rads to the tumor 
bed (left mandible and neck) and 1500 rads whole 
lung irradiation. This was to be followed by a 
course of vincristine, Cytoxan® and actinomycin 
D. The patient is doing well at this time. 


DISCUSSION 


Ewing's sarcoma is a progressive and debilitating 
disease. Pain, which is the most common presenting 
symptom, usually becomes slowly and increasingly 
severe and persistent. In addition to focal pain, 
fever, anemia, leukocytosis and an elevated 
sedimentation rate have been reported. Patients 
New York, New York. 
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Fig. 1. Intraoral tumor is seen involving the inferior 
alveolus and retromolar trigone. The second molar has 
been previously removed, 


presenting without these systemic findings appear 
to have a somewhat longer survival. Foca: pain may 
also be caused by a pathologic fracture which is 
reported in 5% of the long bone lesions, The 
presence of a local tumor mass is the main presen- 
ting clinical finding. In most cases only a single 
skeletal lesion is seen on x-ray at the time of initial 
presentation. However, occasionally a skeletal 
survey can reveal additional clinically silent lesions 
and even early pulmonary metastases. The lungs 
are the most frequent site of metastases.'°'’ 
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Fhe iong bone lesions are usually located in the 
metapl ysis or middiaphvsis. Epiphyseal lesions are 
extremely rare. Children and young adults are 
primar lv affected. The flat bones seem to be af- 
fected more often when the age of presentation is 20 
years or older. There is also a 2 to 1 male 
predor inance. 





Histologically, Ewing’s sarcoma is formed by 
conipact, small, rounded cells with indistinct. 
borders and fairly large, prominent, round og ovoid 
nuvelei containing chromatin, which gives them a 
reatively dark, often smooth, appearance. They 
form cense sheets or cords of tumor cells with in- 
tervening fibrous septae which are quite 
characceristic (Fig. 4). The tumor arises in the 
medulkary or subcortical port:on of the bone. It ex- 
tends clong the medullary cavity towards the peri- 
osteum, destroying the cortex and characteristically 
elevati ig the periosteum which it later penetrates to 
infiltrate the overlying soft tissues.* 


Elee-ron microscopic studies have confirmed the 
presence of glycogen granules in the evtoplasm of 
the tumor cells. These cells are relatively poor in 
ceyieplasmic organelles and Fave a single-lavered 
plasma membrane.” 


The nain differential diagnosis is histiocytic lym- 
phoma (reticulum cell sarcoma), anaplastic car- 
cinema, myeloma, leukemia and neuroblastoma. 
The intercellular network of reticulin fibers which 
is a feature of reticulosarcoma is not seen in Ewing's 
saseoma. The intracellular glycogen seen on elec- 
tron raicroscopy is absent in reticulosarcoma, 
neurob astoma and anaplastic carcinoma. Myeloma 
and leukemia can be differentiated by peripheral 
blead smear, marrow biopsy, or serum and urine 
electrophoresis. 


Fhe rarity of mandibular involvement has 


) 


Fig. 2. Oblique plain film of mandible reveals expansion of the inferior cortex with a thin sclerotic tumor rim anteriorly 


(arrows). 
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Fig. 3. A) Axial CT scan shows destruction of the medullary space and inner table of the mandible. Periosteal elevation is 
seen anteriorly (arrow), The oropharynx is deviated to the contralateral side by a soft tissue mass. B) Coronal CT scan reveals 
the inner cortex destruction with periosteal elevation (arrow), The soft tissue mass lesion is seen deviating the pharynx. 


already been mentioned. Interestingly, the mandi- 
ble is involved eight times more frequently tkan the 
maxilla.’ 


The characteristic “onion skin” periostea’ reac- 
tion seen in long bone involvement is usuaily not 
seen in mandibular lesions. The “onion-skinring” is 
a reaction to the aggressive periosteal elevatien and 
penetration. The mandibular lesions can produce 
cortical thinning. cortical expansion and a 
periosteal response. However, these are not 
characteristic in nature and can mimic either a 
reparative granulomatous type response or other 
nonspecific tumors. 


More specifically, the radiographie changes in- 
clude expansion and cortical thickening of the man- 
dible with mottled destruction, cystic, or lobulated 
destruction. Usual y some areas of periosteal eleva- 
tion are present. Another ‘often observed finding is 
an associated adjazent soft tissue mass. Because of 
the systemic and laboratory findings mertioned 
earlier, osteomyelitis can be misleadingly sus- 
pected.'* The five-year survival rate compiled from 
several large series is 8%. The ten-year survival rate 
is about 4% ."" 


Only recently has the treatment of Ewing's sar- 
coma started to come into focus. Treatment Sas in- 
cluded local resection, amputation, radiation 
therapy and chemotherapy. More recently, radia- 
tion and chemotherapy alone has emerged as the 
treatment of choice.'*'® The use of vincristine sul- 
fate and cyclophosphamide with radiotherapy has 
been reported to produce complete remissions in 15 
patients.'® Others save advocated the use of radia- 
tion with a four-drug regimen consisting ef dac- 
tinomycin, adriamycin, vincristine sulfate and 
cyclophosphamide. In 12 cases this regimen pro- 
duced remission-free periods of one to three vears. 
In this series one case involved the mandible. Y” 


The five-vear survival rate has been reported to 


vary between 0 to 12%. However, with the com- 
bined radiation-chemotherapy regimens, statistics 
indicate that possibly 20 to 30% five-vear survivals 
may be expected. At least 25% of patients have 
evidence of metastases either at the time treatment 
is initiated or at the time of treatment completion.* 


Radiation therapy is now suggested to control the 
primary tumor after biopsy diagnosis. In over half 
the cases no local recurrence was reported at the 
primary site. This appears as effective as amputa- 
tion at the primary site. Although these tumors are 
radiosensitive, the main therapeutic problem is dis- 
tant metastasis, which can appear months or vears 
after the initial treatment. ° 


For this reason it should be assumed that every 
vase is metastatic at the time of diagnosis and a 
combination of radiotherapy and chemotherapy 
should be given from the onset. Cooperative study 
groups have reported prolonged survival without 
metastatic spread, 1918-1 


Radiotherapy for metastatic disease has rarelv 
produced a cure. Chest metastases, however, may 
disappear and be controlled for long periods by 
radiating both lungs to a midline dose of 1500 rads 
in four weeks. Some radiotherapists are 
recommending whole body radiation as a pro- 
phylactic measure to prevent metastases.'®'* The 
various chemotherapeutic regimens are preferred to 
whole body radiation as they produce as good sur- 
vival rates, have less toxicity, and are easier to ad- 
minister. In the management of the late metastatic 
patient, is should be remembered that a moderate 
dose of local radiation usually quickly relieves pain 
and reduces the size of the tumor mass.'° 


CONCLUSION 


The improved survival rates reflect a changing 
philosophy in the treatment of Ewing’s sarcoma. 
Surgery, in general, is playing a less significant role 
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Fig. 4. Photomicrograph of tumor reveals small rounded 
cells with dark nuclei. The dense fibrous septae surround- 
ing the cells are characteristic. (H & E, x175) 


and irradiation and chemotherapy is emerging as 


the treatment of choice. In the head and neck 
region, however, open biopsy is usually required for 
definitive diagnosis as in this case. The large local- 
ized tumor mass, attached to a fragile mandible 
with only an intact outer cortex dictated a complete 
local resection. Besides removal of the only iden- 
tifiable tumor mass, the possibility of mandibular 
fracture with associated tumor spread was 


eliminated. It may be that Ew:ng’s sarcoma of the 
head and neck will be best treated initially by com- 
plete resection, differing in approach from that 
elsewhere in the body. The actual clinical presenta- 
tion is quite classic when compared to the previous 
literature. 


Diegnostically the situation was confused by the 
varied diagnosis offered from the initial, small, bi- 


opsy specimen, However, radiographically a sar- 


coma should have been strongly suggested. The 
bone evsts and tumors that usually affect the man- 
dible. including the odontogenic tumors, almost 
always initially involve the central or medullary 
portion of the bone, 


As they enlarge, the inner and outer cortex is 
either thinned and displaced outward or destroyed 
by tumor. This point in particular, the central ex- 
pansion of the bone, was not present in our patient. 
Rather, the medullary space and only the inner cor- 
tex was involved. The outer cortex was normal. The 
fact that the tumor originated :n the mandible and 
not the adjacent soft tissues was evidenced by the 
elevated periosteum seen at its margins. The large 
extraosseous mass compared to the relatively small 
bore destruction, is not characteristic of any of the 
disease processes suggested by the initial biopsy but 
strongly suggests round cell tumor. Differentiation 
between an osteolytic osteosarcoma and a Ewing's 
sarecma is more difficult since both of these tumors 
occur in this age group. 


\We present this case to review the findings and 
the changing philosophy of treatment. The roent- 
ger differential diagnosis is reviewed and the ad- 
visability of open biopsy and local tumor removal in 
the head and neck is suggested. 
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We succeeded in deriving a long-term tissue culture cell line from human maxillary sinus carcinoma. This cell line, designated as MC, 
was passaged 100 times in vitro over a period of 18 months. The cells are globular in shape, grow as single cells in the culture medium, and 
the mean population doubling time is about 12 hours. The plating efficiency rate in soft agar is 78% and chromosomal analysis revealed 
the modal chromosome number to be between 47 and 51. These MC cells were transplanted into five nude mice, all of which developed a 
tumor after a latency period of 5 to 8 days and died withia 39 days. Complete autopsy of all mice revealed no metastasis. Histopathological 
findings of the original and the transplanted tumor tissues showed a remarkable similarity. 


INTRODUCTION 


Human tumor cell lines are difficult to establish, 
and those with unique characteristics can be uti- 
lized for research and clinical studies. Lines of 
human maxillary sinus carcinomas present par- 
ticular difficulties. Indeed, only a few have been 
reported in the literature.'? One of the major dif- 
ficulties to overcome in establishing human max- 
illary sinus carcinomas is the bacterial contamina- 
tion present in the upper respiratory tract. Even if 
monolayer-type primary cultures of maxillary sinus 
carcinoma are cbtained, the neoplastic ceils are 
usually overshadowed by fibroblast-like cells and it 
is difficult to define the origin of the established cell 
line. 


We wish to report herein the establishment of a 
suspension-type cell line, referred to as MC cell, 
derived from human maxillary sinus carcinoma. At 
present, there are no useful markers to define the 
origin of maxillary sinus carcinoma cells in tissue 
culture. However, we assumed that in vitro 
characteristics of MC cell and its histopathological 
similarity obtained from tumor material after 
transplantation into nude mice should confirm the 
origin of this cell line. Establishment of a human 
maxillary sinus carcinoma cell line would con- 
tribute to understanding of not only the cellular 
characteristics of the tumor but hopefully also to 
cancer therapy. 


METHODS 


Tumor, A 66-year-old Japanese female with a w ‘orking 
diagnosis of right maxillary sinus carcinoma was adm:ted to 
Kyushu University Hospital on October 19, 1976. Roent- 
genographic examination revealed radioopacity in the right max- 
illary sinus, right ethmoid sinuses and right nasal cavity, Bene 
destruction of the medial and superior walls of the maxillary sinus 
was noted (Fig. la). 


Surgery was conducted on October 30, 1976. The tumor was 
found to originate in the right maxillary sinus and extended to the 
right ethmoid sinus and the right nasal cavity (Fig. 1b). The 
surgical specimens were used for histopathological examinations 
and tissue cultures. The histopathology revealed an intraepithelial 
proliferation of moderately differentiated squamous cell car- 
cinoma. The carcinoma showed no significant keratinization and 
only minimal necrosis. Large, round-to-polygonal cells were also 
present (Fig. 2). 


Tissue Culture. The culture medium used in the present study 
was Eagle’s minimum essential medium (Nissui Seiyaku Co.) con- 
taining heat-inactivated 10% fetal calf serum, streptomycin (100 
ugiml) and penicillin (100 pg/ml). 


The specimen, 10x10x5 mm, obtained at the time of surgery 
was washed with sterile PbS (pH 7.2) and prepared for tissue 
culture by mincing with a scalpel into fragments of approximately 
1 to 2 mm in diameter. The fragments were then suspended in 
culture medium and prepared for digestion with 0.25% trypsin 
for ten minutes at room temperature (25 C). About 10° tumor 
cells obtained by this procedure were placed in Falcon plastic 
dishes and were incubated at 37 C in5% CO, in air. Cell viability 
was tested by staining with trypan blue. 


Immunological Studies. Immunofluorescent examination for 
surface immunoglobulin and erythrocyte (E) rosette test were 
done. In the immunofluorescent study, incubation of MC cells 
with fluorescein-conjugated antihuman r-globulin rabbit serum 
was carried out according to the method of Klein et al.>* After the 
antiserum | was W cee out carefully with PbS (4 ah at pH 7 te for 


ka 


Erythrocyte rosette test used in this study was a modification of 
that described by other workers.*® An 0.1 ml aliquot of cell 
suspension (containing 5 x 10° cells) was added to 0.2 ml of fetal 
calf serum plus 0.2 ml of 1% thrice-washed sheep erythrocytes 
(SRBC) and was incubated at 37 C for 15 minutes, Following a 
five-minute centrifugation at 1,000 rpm, this mixture was let 
stand at 4 C for one hour and was resuspended very gently. A cell 
was judged a T lymphocyte if three or more SRBC adhered to it. 


Growth Curve and Plating Efficiency. Cultures from the 
established MC cell line were collected after 30 to 40 passages for 
the determination of growth curve. Approximately 4 x 10* cells 
were resuspended in culture medium and the number of cells was 
counted in a hemocytometer at about 12-hour intervals up to day 5. 


The plating efficiency was determined in soft agar after a par- 
tial modification of the method of other workers.’* Cells were 
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Fig. 1. Tumor. a) Midface tomogram showing the right maxillarysinu. tumor extending into the ethmoidal sinuses and 
nasal cavity. Bone destruction of the medial and superior walls of ther: ght maxillary sinus is evident. b) Tumor observed in 


the right nasal cavity. 


suspended in growth medium (1 ml) containing 0.35% agar* and 
were seeded into 60 x 15 mm Petri dishes containing a base of 5 ml 
of 0.7% agar in growth medium. Maxillary sinus carcinoma cells 
were seeded in dishes at concentrations of 10? and 10° cells. Col- 
ony formation in agar was scored after seven days of culture. 


Chromosomal Studies. Twenty-four hours after being sub- 
cultured, colchicine was added to the culture fluid to zive a final 
concentration of 0.1 wgiml. After four hours of incubation at 37 
C, cells were collected and incubated in 10ml of 0.073% KC] at 
37 C for 15 minutes. After centrifugation for five minutes at 1.000 
rpm, cells were treated with a methyl alcohol-acetate acid fixture 
(3:1). Cells were then centrifuged at 800 rpm for five minutes, 
suspended in 0.3-0.5 ml of fresh fixture and allowed te air dry on 
slides. These slides were stained for 20 minutes with 7% Giemsa 


in PbS (pH 6.8), 
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Fig. 2. Light microscopy of maxillary sinus tumor ob- 
tained at surgery. Intraepithelial proliferation of car- 
cinoma cells is observed. (H & E, x200) 


Inoculation of Cultured Cells into Nude Mice. Six-week-old 
nude mice, backcross-mated with Balb/c and bred in specific 
pathogen-free conditions, were used. Maxillary sinus carcinoma 
cells (1 x 10’) were administered subcutaneously into these mice as 
in the case of other cell lines." The animals were inspected daily 
for detection of the tumor. Pathological studies were scrupulously 
carried out on death of the animals. 


RESULTS 


Cell Culture. Suspension-type cultured MC cells 
were noted seven days after the primary culture of 
the human maxillary sinus carcinoma tissue. The 
grewth rate of the cells was extremely high and the 
meeium had to be changed every three to four days. 
seqpiencial passages were successful. The cultures, 
therefo-e, were characterized by colonies of cells on 
sof ager and were suspended in a culture medium. 


The cells are globular in shape and often ag- 
grecated as they grow. The size of the cells is not 
unitorm. The nuclear to cytoplasm ratio is approx- 
imately 1:1. Some of the large vesicular nuclei have 
two or more large nucleoli. Binucleate cells and 


“gant ormus” are also present (Fig. 3). 


ia order to rule out whether or not the cells are 
derived from lymphocytes (B lymphocytes and T 
lvryphceytes) in the tumor tissue, membrane 
fluorescent study and E rosette test were performed 
at passage 5. Maxillary sinus carcinoma cells, how- 
ever, dd not show any membrane fluorescence for 
surface immunoglobulins nor E rosette formation. 


phocytes is a reliable marker for B cells in most 
species.’? Erythrocyte rosettes have proved to be 
useful markers for T cells in humans, pigs and 
guinea pigs. The results in the present study, 
therefo-e, suggest that the MC cell was not derived 
from haman lymphocytes., 





The nean population doubling time was about 
12 hours when tested between passages 30 to 49 and 
dic not change after the 100th passage (Fig. 4). The 
plating efficiency was determined as described 
above. The absolute plating efficiency of MC cells 
at passage 30 was 78%. This result was relatively 
high, compared with other established human car- 
cinoma cell lines which exhibited a plating efficien- 
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Fig. 3 Light microszopy of suspension-type MC cells..Bi- 
nucleate cells or cells containing two or more nucleoli are 
present. (Giemsa, x400) 


cy of 13 - 45% .'? '*'*Chromosomal analysis was 
also performed on MC cells from the 50th passage. 
Among 33 metaphases that could be analyzed, 13 
exhibited a near diploid mode of 51 chromosomes 
and 10 had 46 chromosomes.The mode clustered 
between 47 and &l. Marker chromosomes were 
negative in these preliminary results. 


Tumorigenicity in Vitro. The cell suspension of 
MC cells (0.2 ml including 10’ cells) was ad- 
ministered subcutaneously into five nude miee, all 
of which developec. a tumor nodule at the inecula- 
tion site after a latency period of five to eight days. 
The growth rate of the tumors was extremely high 
and the mean tumor size at 25 days after in#cula- 
tion was about 20x14x10 mm. In some animals, the 
tumor occupied about a half of the entire animal 
body. When the cultured cells were injected into 
two different sites of the same mouse body, tumor 
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Fig. 4. Growth curve for MC cells at 35th passage. A 
single cell suspension (containing 4 x 10* cells) was seeded 
and cell numbers were counted, An average of four counts 
for each time period were used to define point. The overall 
curve shows a population doubling time of 12 hours, 


formation occurred independently (Fig. 5). Ulcera- 
tion of the skin was observed macroscopically in 
two of the mice. Every mouse died within 39 days 
after the cell injection. 


Complete autopsy of all mice failed to reveal a 
single example of metastasis. Microscopic examina- 
tion revealed that all tumors growing in the mice 
were composed of carcinoma cells featuring essen- 
tially the same degree of differentiation as in the 
original tumor (Fig. 6). 





Fig. 5. a) b) Nude mouse given MC cells at two eifferent sites 33 days earlier. Independent tumor formation is evident. 
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Fig. 6. Light microscopy of the tumor obtained from the transplanted nude mouse, Proliferative carcinoma cells are 
seen invading beneath a) the skin of the mouse or b) in the muscles, (H & E, x200) 


DISCUSSION 


The present study describes the establishment of 
MC cell line from a human maxillary sinus 
squamous cell carcinoma. The MC cells, obtained 
from the tumor tissues at the time of surgery, grow 
in culture as single cells suspended in culture 
medium and were passaged 100 times in vitro over a 
period of 18 months. 

As in situ lesions of maxillary sinus carcinoma are 
usually complex aggregates of benign and malig- 
nant ‘epithelial cells, interstitial cells, namely 
fibroblasts or ly mphocytes and so on, it is difficult 
to define the origin of cells cultured from these le- 
sions. One might argue, then, whether or not this 
suspension-type established MC cell line originated 
from lymphocytes in the tumor tissue. Immun- 
ofluorescent studies which present surface im- 
munoglobulins and E rosette test for demonstrating 
the surface receptors in the present study ruled out 
such a possibility. It should also be considered that 
maxillary epithelial cells of normal, benign hy- 
perplastic and malignant origin may be admixed 
within the specimen taken for culture. Physical 
separation would appear impossible. 


Generally, the most common in vitro criteria for 
identification of malignant cells include growth in 
soft agar,’?'?'* morphologic appearance, con- 
tinuous propagation’? and chromosomal 
analysis.*°?! The morphology (Fig. 3), in vitro high 
growth rate (Fig. 4) which changed little during 18 
months, high plating efficiency rate in soft agar and 
chromosomal analysis suggest the malignancy of the 
present cell line. The most important criteria for 
discrimination between normal and neoplastic 
cells, however, are the transplantability to 
immunosuppressive mice and histopathological 
comparison of the transplanted tumor with the 
original tumor. 


Giovanella and coworkers”? reported that a nor- 
mal mouse cell line did not produce tumors when 


injected into nude mice at a dose of 4 x 10° cells, 
whereas the malignant subline took with 1 x 10° 
cells inoculum. Similar results were obtained using 
a haman cell line. Malignant properties of invasive- 
ness and metastasis in nude mice, in which cultured 
human malignant cells were injected. were also 
confirmed.” Pathological comparison of the pro- 
duced tumors with the original tumors might also 
ensure the origin of the established cell line. As the 
MC cells produced tumors rapidly in every mouse 
(Fig. 5), and as the pathological findings of the pro- 
duced tumors closely resembled that of original 
tumors (Figs. 2 and 6), it is strongly suggested that 
the MC cells are the established cell line of human 
maxillary sinus carcinoma, 


New human cell lines can be utilized for extensive 
research, particularly when they are unique and 
clearly different from previously described cell lines 
from similar tissue. So far, in the field of otorhino- 
laryngolegy, only a few established cell lines have 
been reported.'? With respect to the cell culture of 
human maxillary sinus carcinoma, Ishida et al? 
reported a monolayer-tvpe cell line. As there is ap- 
parently no documentation on the cultivation of 
suspension-type cell of maxillary sinus carcinoma, 
the MC cell line we derived should be useful in fur- 
ther investigation of the cellular characteristics of 
human maxillary sinus carcinoma. 

It may also be of value for studies on cancer 
chemotherapy by examining the in vitro sensitivity 
of the MC cells to antitumor agents. In particular, 
as synergistic application of antitumor agents with 
less toxic membrane-active agents such as vitamin A 
was successful in vivo as well as in vitro, this cell 
line should aid in selecting combination che- 
motherapy in clinical chemotherapy of human 
maxillary sinus carcinoma. In our own preliminary 
TAERA a a of oe Os 
sent) was most b effective acai the MC ie in 
vitro. 
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Twenty-five patients with intracanalicular neurilemmomas were studied, the largest series yet reported. The tumors were most fre- 
quent in men by a ratio of 2:1, occurred more often on the left acoustic nerve, were generally associated with loag duration of symptoms, 
and were equally distributed in the third to fifth decades. but the prevalence slightly increased in the sixth and seventh decades. A shorter 
length of illness occurred in younger persons as well as most patients with von Recklinghausen’s disease. The length of illness ranged from 
six months to 35 years. Symptoms generally were limited to the auditory nerve exeept in three instances of involvement of the facial nerve. 
These three cases were the only ones with preoperative facial palsy. Posterior fossa myelogram was the most useful diagnostic aid. The rate 
of growth in one patient was estimated to be 1 to 2 mm per year by serial study of myelograms, but the growth rate is probably variable. 
CT scans were not useful in detecting small tumors. Histologically, most tumors less than 1 cm in diameter were primarily composed of An- 
toni type A tissue. Vascular malformations were found within the tumor in threecases, Altered blood vessels are the mechanism whereby 
characteristic changes occur in the cerebrospinal fluid (CSF). Small tumors generally lack blood vessels, hence are less often associated with 


abnormal CSF. 


In a previous study on 103 patients with acoustic 
neurilemmoma, 15 tumors limited to the internal 
auditory canal differed clinically and anatomically 
from the more numerous and larger ex- 
tracanalicular masses.' These small neoplasms are 
infrequent, hence have been seldom described. We 
here analyze the clinical and microscopic findings 
in ten additional cases, a total of 25. 


METHODS 


Twenty-five patients had an acoustic neurilemmoma | cm or 
less in greatest diameter. Representative microscopic slides were 
stained with hematoxylin and eosin. Duration of symptoms was 
divided into three categories: “short” (less than two vears), “in- 
termediate” (two to four years), and “long” (more than four 
years). Cellularity and vascularity of the tumors were graded as 
“minimal,” “moderate” and “severe,” according to our previous 
criteria.’ 


RESULTS 


Seventeen patients were men, eight were women 
(Table 1). One patient was in the second decade, 
four each in the third to fifth, five in the sixth, and 
seven in the seventh decade. The youngest patient 
was 18 vears old, the oldest 70. Six cases had a short 
period of symptoms; three of these had von Reck- 
linghausen’s disease with bilateral acoustic tumors 
and were the youngest patients in the series (cases 1, 
2, and 3). Nine instances were of “intermediate,” 
and ten of “long” duration. The length of illness 
ranged from six months to 35 vears, with a median 
of 4 years. 


All patients initially had impaired hearing. Tin- 
nitus, unsteadiness, vertigo, headache, and facial 
weakness occurred in order of frequency. Most pa- 


tients had at least two symptoms. Only two cases 
had hearing impairment alone, and one of these 
was associated with neurofibromatosis (case 1). 
Three patients had symptoms of facial nerve in- 
volwement (cases 5, 11, and 13). Of 25 tumors 
measuring | cm or less in greatest diameter, 15 were 
on the left side and 10 on the right. 


Plain roentgenograms revealed enlargement of 
the internal auditory canal in eight patients. 
Tomograms disclosed 22 abnormal canals in 18 pa- 
tients. Posterior fossa mvyelograms indicated 27 in- 
tracanalicular lesions in 23 patients: one study was 
inconclusive (case 20), and one was normal in a pa- 
tient with an 0.3 cm tumor (case 10). Computerized 
axia tomography (CT) was performed nine times in 
eight patients: none of the intracanalicular masses 
was Visualized by this method. 


Most patients were without additional symptoms 
when seen at times from three months to five years 
postoperatively; three had facial palsy pre- and 
postoperatively, and required facial-hypoglossal 
anastomosis (cases 5, 11, and 13). All three were 
associated with vascular malformations. 


The size of the neurilemmomas ranged from 0.3 
to 10 em, except for three cases of bilateral lesions 
where the tumor on one side was larger than 1 em 
(cases 2, 3, and 8). The masses were usually encap- 
sulaied, gray or brown, and firm. Microscopically, 
15 of 25 neoplasms less than 1 cm in diameter were 
composed primarily of dense, elongated cells with a 
few scattered blood vessels. The nuclei were arrang- 
ed in mterlacing fascicles or in palisades (Antoni 
type A tissue). Four examples contained patches of 
loose reticular tissue (Antoni type B). Three unusual 
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TAI ABLE 1. CASE SUMMARIES OF 25 PATIENTS WITH INTRACANALICULAR NEURILEMMOMA 


Radiographic Studies 


Duration Posterior von 
of fossa Reckling- 
Age Symptoms Size Tomo- Myelo- CT hausen s 
au Case* (yr) Sex (yr) Side (cm) Skull, gram gram Sean _ Disease _ Histologic Features _ 

la 18 M 1.0 R 1.0) * + ~ + Antoni type A 

Ib L ? - + + ?0.8cem ~ Tumor not yet removed 

2a 2] M 1.0 R po ~ + + ND + Antoni A and B: foci of 
meningioma 

2b L 1.0 - + + ND Antoni type A 

3a 24 F 0.8 R L0 ~- + + ND + Antoni type A 

3b . I 2 .() + + + ND Antoni type A and B: 
moderate vascularity 

4 25 F 1.0 OS + + + ND - Antoni type A 

5 29 M 3.5 I 0.5 ~ - + ND ~ Minimal Antoni A, 
dense collagen, vascu- 
lar malformation 

6 34 M 0.5 2 me + + + ND ~ Antoni type A 

7 36 M Ko R 9.8 + + + ND - Antoni type A 

Sa 7 F 12 R 1.0 ~ + + ND + Antoni type A 

8b 15 L 4.0) + + + ND Strong Antoni A.B: capillary 

familial angioma 
history 

9 40) M 4.0) L 1.0 - + + ~ ~ Antoni type A: pateh of 
tvpe B 

10 4] M 4. L 0.3 ~ ~ ND - Antoni type A 

1} 4l M 8.0 L 1.0 - + + ND - Minimal Antoni type A: 
dense collagen, vascular 
malformation 

12 47 F 3:0 R LU ~ + + ND - Antoni tvpe A: patch of 
type B 

13 50 M 0.5 R 0.6 m- + ND Minimal Antoni type A: 
dense collagen, vascular 
malformation 

l4 5] M 3.0 L 1.0 5 + “ = Antoni type A: mod- 
erate increase sub- 
capsular vessels 

15 54 M 6.0 L 0.8 ~ 4 + ~ ~ Antoni type A 

16 58 M 3.0 R 0.6 - ~ + ND ~ Antoni type A 

7 58 M 5.0 R 1.0 ~ + + $ ~ Antoni type A: 
patch of tvpe B 

18 59 F 6.0 L 1.0 + + + - Antoni type A: some 
thick-walled vessels 

19 60 M 10 R 0.7 ~ + = - Antoni type A 

20 63 M 30 I 1.0 - + + ND - Antoni type A: patch of 
type B 

2] 63 F 35 L 1.0 + + + ~ - Antoni type A 

22 64 F 2.0 L 1.0 + + + ND ~ Antoni type A 

23 64 M 3.0 I 1.0 = + + ND - Antoni type A: 
moderate increase sub- 
capsular vessels 

24 68 F 20 L 1,0 - + + ND - Antoni type A: dense 
collagen; moderately 
increased blood vessels 

25 70 M 4.0 R 0.8 ~ + ND ~ Antoni type A 


M- Male: F - Female: R- Right: L- Left: ND - Not dene: + 


“Cases labelled a and b had neoplasms on both right and left sides. 


cases each with preoperative facial palsy, had pro- 
minent dilated vascular spaces in dense connective 
tissue with a few small foci of schwannoma close to 
the vascular walls (cases 5, 11, and 13). 


DISCUSSION 


Acoustic neurilemmomas occur most frequently 
in patients older than 40 years.?? In our previous 
reports, the peak prevalence in 195 patients with 
tumors of various sizes was in the fifth and sixth 


- Abnormal findinys: - 


- Normal findings: T- Not known. 


decades.'* Small intracanalicular tumors occurred 
at similar rates in the decades from 20 to 70 years. 
In the series of Stewart et al, the ages of five pa- 
tients with occult schwannomas were from 49 to 84 
vears. House® described five cases, aged 36 to 60. In 
our present study the prev alence was similar i in the 
oe seventh. The “age baon of p 
neurilemmomas differs from that of the larger 
masses. 


te 
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Acoustic schwannomas generally affect women 
more than men. Larger lesions, however, are more 
common in women, small tumors in men.' This 
observation was confirmed in the present study. 
Men had tumors of less than 1 cm twice as frequent- 
ly as women. 


Several authors have described small acoustic 
neurilemmomas.’’° When symptoms are present, 
the duration of illness ranges widely from three 
months® to many years. Toynbee,'® for example, 
reported a patient with a small acoustic schwan- 
noma who had 22 years of deafness. In our series, 
72% were associated with duration of illness of 
more than 2 years, ranging from six months to 35 
vears. W. J. Gardner, cited as a personal com- 
munication by Cushing and Eisenhardt,'! described 
a patient with bilateral deafness lasting 40 vears. 
The tumors were each 1 cm in diameter. Sheehy 
and Inzer’? reported a patient with a history of 20 
years of progressive hearing loss on the left: iophen- 
dylate study disclosed a defect of the internal 
auditory canal bilaterally. The lesion in the left 
acoustic nerve was 1 cm. 


Four patients in our series had bilateral acoustic 
tumors with lesions of different sizes in each in- 
stance (cases 1, 2, 3 and 8). One person (case 8) had 
a history of progressive hearing loss on the left and 
right for 12 and 15 years, respectively: the three 
others had symptoms for one year or less. These 
data indicate that small bilateral acoustic tumors 
and unilateral lesions! have a variable growth rate. 
The findings also suggest that small neurilemmomas 
may remain quiescent for a long time, or even cease 
to grow. At younger ages, expecially in those pa- 
tients with von Recklinghausen’s disease. symptoms 
appear earlier.' 


Hearing impairment is the first symptom in most 
cases regardless of tumor size. Signs of involvement 
of other cranial nerves, brainstem, or cerebellum 
are associated with extracanalicular tumors.*? By 
contrast, intracanalicular masses cause minimal 
signs other than those of involvement of the acoustic 
nerve.” Two patients in our series had only hearing 
loss. In all other cases, auditory impairment was 
associated with tinnitus, unsteadiness, vertigo, or 
headaches. The three patients with preoperative 
facial palsy had vascular malformations associated 
with the neoplasm. 


The left side was affected more frequently than 
the right in our 25 cases of small tumors by a ratio of 
15 to 10. We are uncertain of the interpretation of 
this observation. Review of numerous series of 
acoustic neurilemmomas regardless of size indicates 
almost equal involvement of the right and left 
sides. >14 


None of our patients had caloric vestibular tests. 
Linthicum and Churchill’ stated that the impair- 
ment in vestibular response is directly related to size 


of the tumor. Pool et al'* found abnormal caloric 
tests in five cases of “small” lesions, but the masses 
were larger than 1 em. The calorie test mav be an 
acclitional aid to estimate tumor size. 


CT sean was performed in eight of our patients 
but did not disclose intracana.icular lesions. Parker 
and Davis” reviewed the preoperative CT scans of 
SC aceustic neuromas of various sizes. Only 1 of 15 
tumors iess than 2 cm was visualized. and none of 
four intracanalicular lesions. Bergeron et al'® stated. 
that with current techniques, CT sean is am insen- 
sitive method to demonstrate acoustic neurilem- 
mamas less than 1.5 cm in cross-sectional dimen- 
sicry, 


Tomography should be performed when an 
acoustic tumor is suspected, even when plain roent- 
genegrams of the skull are normal. In our 25 pa- 
tients, plain roentgenograms revealed enlargement 
of the internal auditory canal in 30% of cases, but 
tomograms disclosed the presence of an enlarged 
porus acusticus in 70%. 


Posterior fossa mvelograms demonstrated in- 
tracanalicular lesions in 23 patients, were in- 
conclusive in ] patient, and negative in 1 patient 
with a lesion of 0.3 em. The ength of the internal 
auditery canal ranges from 0.2 to 1.0 cm with an 
average of 0.4 to 5.0.'° This variation may be one 
reason for false-negative posterior fossa mye- 
lograms. The frequency is low, however, and this 
stedy is generally valuable ir the diagnosis of in- 
tracanalicular masses. 


Measurement of the growth rate of the in- 
tracanalicular tumor was available in one patient 
(case 16). Initially, posterior fossa mvelogram failed 
to disclose the lesion. Three years later, the mass 
was 0.6 cm in greatest dimension. These data sug- 
gest that the rate of growth ranged from 0.1 to 0.2 
em per vear. lophendylate studies may not demon- 
strate the lesion if the tumor is 0.3 cm or less (case 
10:. The tumor furthermore may have a variable 
rate of growth. It may enlarge faster in women, in 
persons in the first two decades, and in cases of von 
Recklinghausen’s disease. 

The neoplasm usually arises distally in the 
vestibular division. Hardy and Crowe? 
demonstrated occasional small tumors between the 
cochlear nerve and the inferior division of the 
vestibular. The lesion then may produce hearing 
impairment by pressure on the cochlear nerve 
‘hich is larger than the vestibular division and 

probably more sensitive tc compression. The 
ae nerve is generally normal histologically, 
even when profound hearing loss is present. The 
lesions may be quiescent for many years. The effects 
ditfer, depending on whether the mass expands 
proximally or distally. The vestibular nerve may 
undergo some irritative or degenerative ch anges, 
and eause other symptoms including tinnitus, 
unsteadiness, and vertigo. 
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Elevation of the protein content ol the 
cerebrospinal fluid (CSF) in cases of acoustic 
neurilemmoma is well known, but not fully 
understood. In general, the larger the tumor, the 
higher the CSF protein. '*°° Lups and Haan”! stated 
that acoustic tumors almost always cause CSF xan- 
thochromia. Small tumors, however, may neither 
be associated with xanthochromia or elevated pro- 
tein. In five cases with intracanalicular neurilem- 
‚moma reported by House et al,* the total CSF pro- 
tein was less than 55 mg% in four patients, and 82 
mg% in one case. 


The variation of CSF findings is related to the 
histologic features in these tumors. We have ob- 
served that larger tumors are heavily vascularized 
and contain relatively fewer cells than small 
neoplasms.’ Moderate vascularity occurred in 
medium- sized tumors; small intracanalicular 
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neurilemmomas were predominantly cellular and 
minimally vascular. Ultrastructurally, blood vesels 
in neurilemmomas have fenestrae and patent in- 
terendothelial gap junctions which are straight and 
patent.’??* Fragmented and deformed erythrocytes 
in the gap junction as well as red blood cells ex- 
truded through the junction have been found.‘ 
Leakage of red cells outside the blood vessels was 
also observed. Erythrocytes outside vessels account 
for CSF xanthochromia, and serum leakage 
through fenestrae and gap junctions explains the in- 
creased concentration of CSF protein. Thus, the 
high CSF protein content and frequent xan- 
thochromia in cases of large neurilemmomas are 
related to the intrinsic blood vessels. Small in- 
tracanlicular schwannomas contain few scattered 
blood vessels and usually are associated with normal 
CSF protein. 


. Oldham of the Department of Pathology. Baptist Hospital, Nashville. Tennessee for his 
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d 
Thirty-three patients with acute purulent otitis media and mastoiditis caused by Gram-negative bacilli are presented, The main 
features of the disease include: predilection for young male infants, a high rate of complications that include sepsis, mastoiditis and 
osteomyelitis of the base of the skull. Patients that are diagnosed early respone wel to drainage and ventilation of the infected middle ear 
combined with in vitro effective antibacterial therapy. Patients that receive prior inappropriate antibacterial therapy tend to have pro- 
longed courses and require mastoid surgery. It is suggested that early myringotomy and bacterial cultures be performed in all patients with 


acute middle ear infections. 


INTRODUCTION 


Acute otitis media is most frequently caused by 
Streptococcus pneumoniae, Haemophilus influen- 
zae, beta hemolytic streptococci, and Staphylococ- 
cus aureus.” Gram-negative bacilli are usually not 
considered responsible for acute otitis media. The 
isolation of Gram-negative bacilli from a diseased 
ear is common in malignant external otitis marked 
by severe systemic signs, bone invasion and high 
mortality rate in elderly diabetics, with “wet” ex- 
ternal otitis and with chronic otitis media. 


During the years 1971 to 1978, we have observed 
33 patients with acute purulent otitis media and 
mastoiditis caused by Gram-negative bacilli, par- 
ticularly Pseudomonas aeruginosa. This particular 
form seems to take a different course than otitis 
media caused by the usual microorganisms. In that, 
the infection does not respond to commonly used 
antibacterial agents and is associated with a high 
rate of local and systemic complications. 


METHODS 


Patients included were those with acute purulent otitis media 
from whom initial bacteriological cultures yielded Gram-negative 
bacilli. Culture material was obtained by myringotomy in cases 
with intact tympanic membrane, or from purulent discharge 
draining from the middle ear in cases with perforated eardrum. 
Only patients from whom two consecutive cultures vielded the 
same microorganisms were included. Excluded were patients 
with any pathological conditions of the external ear canal, pa- 
tients suffering from chronic otitis media, patients receiving 
cytostatic therapy and those with known immunocefficiency 
states, 


Bacterial isolates were identified according to the criteria of 
Edwards and Ewing.’ Antibiotic sensitivity testing was per- 
formed according to a modified Kirby-Bauer technique. The pa- 
tients were divided into two groups; a group with acute primary 
purulent Gram-negative bacillary otitis media and a group with 
an acute recurrent form of the disease. Acute primary otitis media 
was defined as the first recognized episode of acute purulent otitis 


media witt cut preceeding perforation of the tympanic membrane 
with svmuyctoms lasting for seven days or less. Acute recurrent 
otitis media was defined as an acute episode of purulent otitis 
media oecuring at least three months after the healing of a 
previous episode. 


RESULTS 


During the vears 1971 to 1678, 33 patients, 20 
males amd 13 females, were diagnosed as having 
acute purulent otitis media caused by Gram-nega- 
tive bac lli. Thirteen of the patients suffered from 
the primary form and 20 from the recurrent form. 


Age. The age distribution of the patients is shown 
in Table 1. It ranged from four weeks to 80 vears of 
age. ©! ihe 13 patients with the primary form, 10 
were under one vear of age, Of the 20 patients with 
the recurrent form, 8 were 10 to 24 months old. One 
patient with the acute form was 19-vears-old, and 
two were older than 40 vears of age. Of the seven 
other petients with the recurrent form, two were 
children, one was a voung adult and four were over 
the age of 40 vears. 


Sex. bn the acute primary form there were 12 
males and one female. in the recurrent form there 
were eraht males and 12 females. 


Preser tation, Twenty-eight of the patients 
presented with acute otitis mecia and 5 with acute 
coalesce it mastoiditis (Table 2>. 


Beeteriology. Pseudomonas aeruginosa was the 
initial amd sole isolate in 23 patients. Proteus indole- 
positive was isolated from six patients. Four pa- 
tien ts kad mixed Gram-negative flora, one of which 
was P, ceruginosa in the first isolate (Table 3). 


Previcus Antibacterial Therapy. Nine patients 
had #eceived no previous therapy. 5 had received 
short courses of therapy (not exceeding ten davs) 
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TABLE 1. AGE DISTRIBUTION (MONTHS) OF PATIENTS 
WITH ACUTE OTITIS MEDIA CAUSED BY 
GRA} A-NEGATIVE BACILLI 





Form RB 4-9 10-24 Cver 24 
Primary 6 3 l 3 
Recurrent ] 4 8 T 


and 19 had prolonged and various antibacterial 
therapy (Table 4). The three patients in the primary 
group were receiving antibiotics for pneumonia, 
. urinary tract infection and gastroenteritis when 
otitis media was recognized. 


. Associated Diseases. Four adult patients (one 
from the primary and three from the recurrent 
group) had insulin-treated diabetes mellitus. No 
other systemic diseases were encountered in the re- 
mainder of the patients, 


Complications. Complications occurred m 9 of 
the 33 patients. Three had septicemia caused by the 
pathogen isolated from the middle ear, two cf them 
were infants with the acute recurrent form of the 
disease. The third was a previously healthy 19-year- 
old male who presented with a three- day- history of 
fever and chills. He had acute primary otitis media 
complicated by mastoiditis and lateral sinus throm- 
bosis. Proteus indole-positive was isolated from his 
blood, sinus thrombus, mastoid cavity and middle 
ear exudate. Four adult patients had extensive oste- 
omyelitis of the base of their skulls. Two elderly pa- 
tients presented with unilateral facial palsy ‘Table 
5). 

= TABL EE 2. INITIAL CLINICAL PRESENTATICN 


marinei e errar aenn 





Acute Coalescen} 





Form Acute Otitis Media Mastoidiiis 

Primary 1] 2 

Recurrent 17 3 
Therapy. Therapeutic measures included 


repeated myringotomies, insertion of tympanos- 
tomy tubes, in vitro effective antibiotic therapı y that 
included in most cases the combination of genta- 
micin and carbenicillin in adequate dosages. and 
surgery. Concerning the surgical procedures, intact 
wall atticoantrotomy was performed in all children 
and radical mastcidectomy in the adults. in pa- 
tients with acute primary otitis media who received 
no antibiotics prior to admission, repeated myrin- 
gotomies alone cured five of nine patients (Table 6). 
Insertion of tympanostomy tubes was effective in 
one of three patients. Two patients were cured by 
two and three week courses of combined gertami- 
cin-carbenicillin therapy. In two patients, 
emergency mastoidectomy was performed because 
of acute mastciditis (complicated by lateral sinus 
thrombosis in one). Similarly, of the patients 
belonging to the acute recurrent form who had not 
received prior antibiotic therapy, one was cured by 
repeated myringotomies, two by insertion of tym- 
panostomy tubes and one by a two-week-course of 
antibacterial therapy. 


TABLE 3. BACT ERIOLOGICAL ISOLATES 


A RP RL LL 
aea E sient E monre t mem meem e a e deat ee hi terabyte AAA atema amn mi aerae e ma PRIN GA 


Proteus 
Pseudomanas Indole- Mixed Gram- 
Form Aeruginosa Positive Negative Rods 
Primary 8 2 3 
Recurreat 15 4 i 


Conversely, none of the patients of the acute 
primary form who received prolonged previous 
antibaeterial therapy, was cured by any measure 
short of mastoidectomy. Among 16 patients of the 
recurrent form who had received previous an- 
tibiotic therapy, only one cure was achieved among 
13 patients subjected to repeated myringotomies. 
Also achieved were one cure in ten patients in 
whom insertion of tympanostomy tubes was per- 
formed and one cure in the three patients who 
received appropriate antibacterial therapy. Thir- 
teen patients of this group were cured only by 
mastoid surgery. 











__TABLE 4. PRECEDING ANTIBACTERIAL THERAPY 


Therapy 
Form None Short Prolon ged — 
Primary 5 3 3 
Recurrent 4 16 


Among the 13 children who underwent intact 
wall atticoantrotomy, 7 had to be reoperated for 
recurrent mastoiditis. Of the five patients undergo- 
ing radical mastoidectomy three had to be 
reoperated, one for the appearance of facial nerve 
palsy and two for the development of deep-seated 
preauricular abscesses. 


TABLE 5. COMPLICATIONS 


Osteomyelitis 
of Base Facial 
Form iS Septicemia of Skull Palsy 
Primary l 
Recurrent 2 4 2 
DISCUSSION 


The salient features of primary acute purulent 
otitis media caused by Gram-negative bacilli in- 
clude: occurrence at a young age. predominance of 
male infants, high rate of local and systemic com- 
plications and protracted course in patients receiv- 
ing prolonged inappropriate antibacterial therapy.’ 
Patients with the primary form of the disease were 
the youngest (up to nine months of age). Those with 
the recurrent form tended to be somewhat older (9 
to 24 months). This age distribution is similar to 
that observed in acute middle ear infections caused 
by the usual pathogens.'*'? The striking male 
predominance observed among the infants with the 
acute primary form remains unexplained. 


The isolation of Gram-negative bacilli from the 
ear is common in external otitis, both in the “be- 
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TABLE 6. RESULTS OF THERAPY IN #ATIENTS WITH CUTE OTITIS MEDIA CAUSED BY 
GRAM-NEGATIVE BACHE. i 
Success (S) — Failures (F) 
Repeatet Inser. of Prover 
Myringwt. Vent. Tubes Antibiotics Mastoid 
Form SF S E S F Surgery 
No previous Primary 5 — l — 2 2 — 0 2” 
antibiotics Recurrent l —-. 2 — l 1 — 0 0 
Prolonged previous Primary 3 O—- 0 — 2 0 — 1 3 
antibiotic therapy Recurrent 5 l] — 12 l — 9 l — 2 13t 
Myringot. - Myringotomy; Inser. - Insertion; Vent. - Ventilating. 
“Admitted for acute coalescent mastoiditis. “ 


Three of these patients presented with acute coalescent masteiditis and underwent cmergency mastoidectomy. 


nign’ and “malignant” forms,“ in hospitalized 
voung children receiving antibiotics, ? and from 
chronically draining ears.'® In addition, these 
pathogens have been isolated from the middle ear 
effusion of neonates.'*'*'* The authors of these 
observations did not consider the course of middle 
ear infections caused by Gram-negative bacilli to be 
different than the course of the disease caused by 
the usual pathogens. Others have considered the 
course of the disease to follow that of chronic 
relapsing otitis media. '? 


Prolonged antibiotic therapy,'*”° hospitaliza- 
tion?’ and immunosuppresion,?? have been sug- 
gested as the underlying factors responsible for the 
colonization of various body sites with Gram-nega- 
tive bacilli, ordinarily not considered the normal 
flora of these sites. Furthermore, these pathogens 
have been isolated from infections that are usually 
caused by Gram-positive cocci as in tonsillitis, ar- 
thritis** and meningitis.” It is interesting that 14 of 
the patients described received short courses or no 
antibiotics prior to the appearance of the disease, 
suggesting that antibiotic “pressure” is not the sole 
factor determining the colonization of the middle 
ear with this unusual flora. 


Previous studies have indicated that middle ear 
effusions have bacteriostatic properties. These 
were attributed to the presence of lysozyme. im- 
munoglobulins and specific antibodies.” >? Tt is 
unknown whether these substances are protective 
against Gram-negative bacilli, or whether our pa- 
tients suffered from some local immunological defi- 
ciency. 

Since five of our patients presented with acute 
coalescent mastoiditis, it seems that the frequency 
of mastoiditis as presenting symptoms is higherthan 
that occuring in otitis media caused by the “usual” 


acute Cram-negative bacillary otitis media from 
theusiaz] form is the high rate of accompanying sep- 
sis, rareéiv seen in the usual form after the newborn 
perioc. A high rate of osteomyelitis of the skull was 
noted as well, a finding that has decreased con- 
siderably in cases of the usual middle ear infections 
sinee the advent of antibioties.* 


Excepting the patients who underwent emergen- 
cy mastcidectomy, all those who die not receive 
prier antibiotic therapy responded to conservative 
management including repeated nvringotomies 


the other hand, of 19 patients who received prior 
inappropriate antibiotic therapy, only 3 responded 
to thes> measures and 13 aventually required 
mastordectomy. (Three of the remaining patients 
were onerated immediately.) It is possible that 
previoass nonselective antibacterial therapy might 
have ozasked the progression of otitis media into 
masto:citis. The overall poor therapeutic response 
in patients receiving prior antibacterial therapy 
suggests that if conservative measures fail, surgery 
sheuic aot be delaved. 


We conclude that acute otitis mecia caused by 
Gram-negative bacilli may be more eammon than 
previously appreciated. It mav occur ia all ages, but 
voung children are especially prone to this disorder: 
correct diagnosis and subsequent therapy with ap- 
prapriace antibiotics combined with ventilation of 
the middle ear cavitv leads to a favorable outcome: 
meticafous culture of middle ear exudate is para- 
moun). If prolonged inappropriate therapy is ad- 
ministered, the disease mav be complicated by a 
protracted course and mastoidectomr is often un- 
avoidatle. 


We believe that in all cases with acute otitis 
media, primary or recurrent. early myringotomy 


ane microbiological culture will assure accurate 


pathogens.?*' Another feature that distinguishes diagnosis and appropriate effective therapy. 
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Typical and atypical ultrastructural features of the cilia in the human nasal 1 ucosa are reported in this paper. The specimens were 
taken from patients with the diagnosis of allergic rhinitis or chronic sinusitis. Most of the cilia showed a typical € + 2 arrangement of the 
axial filament complexes, but atypical axonemes such as 9 + 4,8 + 2 and 19 + 2 patterns were found in six cilia of three patients. The 
supernumerary central fibrils were observed in one cilium only, whereas atypical patterns of the peripheral fibrils were foand in five cilia. 
Cilia which contained a multiple axial filament complex, so-called compound cilia were also found in the mucesa of the chronic sinusitis 
cases. On the basis of their ultrastructural appearance, we classified these cilia into two groups, an “adhesive type” and a “bulging type.” 
The former had a columnar shape of variable diameter, whereas the latter hada balloon-like form. The former contained closely packed 
multiple axial filament complexes whereas the latter possessed only sparse and ir-egularly oriented complexes. Electroa-lucent lumina 
which were formed by the remnants of the ciliary membrane-were frequently found in the former’s transitional portion, but never in the 


latter. 


INTRODUCTION 


The foreign bodies inhaled into the upper 
respiratory tract are eliminated from the epithelial 
surface by the mucociliary transport system, in 
which the metachronal waves of the ciliary beats 
play an important role. 


Recent ultrastructural studies have clarified fine 
internal structures of the cilia and described that 
the majority of them reveal the remarkable constan- 
cy of the 9 + 2 axonemal pattern. In 1962, how- 
ever, Satir’ reported the isolated aberrant cilia in a 
mussel, and later others also described various types 
of anomalous cilia and flagella in biopsy materials 
of human?* as well as a variety of animal 
species.'*?° In the human materials, many authors 
have observed atypical cilia under pathological con- 
ditions such as chronic inflammations of the mucous 
membrane,*’"?'*"'* and benign and malignant 
tumor,” whereas Hando et al? and Kawabata 
and Paparella* have found them in the normal en- 
dometrium and middle ear mucosa respectively, 


In this paper, we describe some ultrastructural 
observations of atypical cilia from the diseased 
human nasal mucosa. 


METHODS 


The specimens were obtained from two different groups of pa- 
tients. The first group consisted of 8 patients in nasal allergy and 
the second group of 17 patients in chronic sinusitis. The specimens 
were taken from the inferior turbinates of the first group and 
from the paranasal sinuses of the second at the time of the 
Caldwell-Luc operation. The mucous membranes were im- 
mediately immersed in cold 2.5% glutaraldehyde in 0.1 M 
phosphate buffer and fixed for two to three hours. They were then 
transferred to the buffer solution for washing and postosmicated 
by 1% OsO4 in the same buffer. After dehydration through the 


ethanol steps, the specimens were embedded in epoxy resin. 
Ultrathin sections were made by LKB UBtratome and examined in 
a JEM 1002 electron microscope. For the purpose of enhancing 
the density of any radially symmetrical structures in the 
photegrapt s of cilia, the Markham’s rotation technique? has been 
applied. Photographic paper was placed on a hand-made turn- 
table whica was rotated stepwise and mine times light exposures 
made at éach step of 40° equal angle. The micrographs were then 
developed >y the usual methods. 


OBSERVATIONS 


The mucous membranes obzained from the in- 
ferior turbinate of the allergic patients revealed 
minor ultrastructural changes of the ciliated cells 
anc most of the cilia hada 9 + 2 axonemal pattern. 
Atypical arrangements of the axoneme were only 
rarely found. We accidentally encountered only 
four anomalous cilia in two patients of the first 
group, end a pair of 8 + 2 cilia in one patient of the 
secend group. The compound cilia, on the other 
hand, were rather commonly observec in seven pa- 
tients of the latter group. 


typical Arrangement of the Ciliary Fibrils. A 
horizontal section of numerous cilia at low magni- 
fication is shown in Figure 1, Most show a typical 9 
+ 2 arrangement of the axial filament complex. 
High magnifications of the cilia sectioned tangen- 
tial. y at different levels are shown in Figures 2 - 5. 
The pat-ern at the tip of the cillum consists of 9 + 2 
singlets. whereas the pattern at the middle portion 
of the cilium consists of nine peripheral doublets 
with two central singlets. The peripheral doublets 
are composed of subfiber A and subfiber B. As seen 
in Figures 3 and 6, the ciliary matrices between the 
central and peripheral fibrils are increased 
soraewtl at in densities, although neo specific ar- 
rangement is visible. After application of 
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Fig. 1. Horizontal section of the ciliary bundles af the 
human nasal mucosa. Each cilium possesses an axia: fila- 
ment complex. but its detail is not obvious at this 
magnification. (x1£,000) 


Markham’s rotation technique, it takes the form of 
sharp spoke-like structures projecting from tae sub- 
fiber A towards the center (Fig. 7). The peripheral 
doublets and their accessory arms are alse more 
clearly discerned in this electron micrograph. 
Figure 4 shows a horizontal section of the transi- 
tional region of the cilia in which no centra; fibrils 
can be recognized. In Figure 5, the peripheral 
doublets have become triplets surrounded by an 
electron dense material. This is a horizontal section 
through the basal bodies which are embedded in the 
apical cytoplasm of the ciliated cells. 


Atypical Arrangement of the Ciliary Fibras. Un- 
usual arrangements of the ciliary fibrils were only 
rarely found in the present materials. An adcitional 
pair of the central fibrils is present in the cijium in 
Figure 8, as indicated by the arrow. This adcitional 
pair is located between the central pair and the 
peripheral doublet, and is almost parallel with the 
phase of the usual central pair. Unusual numbers of 
the peripheral fibrils were also observed in some 
cilia of the presen: material. Eight plus two ‘8 + 2) 


and 10 + 2 arrangements are seen in Figure 9. Both 
of these have a pair of eccentric central fibrils and 
moderately dense fuzzy material around each 
singlet. In the 10 + 2 cilium, eight of the ten 
peripheral singlets possess dense cores, whereas no 
singlet has a core in the 8 + 2 cilium (at left). The 
typical 9 + 2 cilium seen at the right of Figure 9 
contains cored fibrils also. Another two 8 + 2 cilia 
were also found in a patient with the diagnosis of 
nasal allergy (Fig. 10). The cilium which is lacking 
one doublet as well as the subfiber B of another 
doublet is shown in Figure 10. Although the fine 
structure of another 8 + 2 cilium is not clear due to 
the oblique section through the axial filament com- 
plex, it obviously loses one peripheral doublet. A 
cilium which possesses an additional doublet in the 
peripheral matrix is seen in the allergic nasal 
mucosa (Fig. 11). The ultrastructure of this addi- 
tional doublet is not markedly different from that of 
the regular doublets, but is located out of the 
regular circlet of peripheral doublets. The diameter 
of this cilium is about 330 nm, which is slightly 
larger than those of the average cilia. 


Compound Cilia. A cilium which contains multi- 
ple axial filament complexes is referred to as a com- 
pound cilium. In the present studies, two different 
kinds of compound cilia were identified. On the 
basis of their ultrastructural appearance, the com- 
pound cilia could be grouped into two major cate- 
gories, the “adhesive type” and the “bulging type.” 
One of the typical features of the former type is a 
closely packed array of axial filament complexes as 
shown in Figure 12 and slender structures as shown 
in the scanning electron micrograph (Fig. 13). The 
number of complexes contained within a compound 
cilium varies from 2 to more than 30 and most of 
them show a typical 9 + 2 pattern. Longitudinal 
sections of this type reveal a parallel arrangement of 
the axial filament complexes which are embedded 
in a matrix of moderate density. In the transitional 
region, some remnants of the ciliary membranes re- 
main about each individual cilium (Figs. 14 and 
15). The “bulging type” also contains a number of 
axial filaments embedded in a matrix, but the 
filaments are fewer in number. The axonemes do 
not usually show a regular directional pattern but 
are dispersed throughout the matrix (Fig. 16). The 
profiles of this type have a quite bizarre balloon-like 
appearance (Figs. 16 and 17). The scanning elec- 
tron microscope also reveals the bulging type com- 
pound cilia (Fig. 18). The “adhesive type” is slender 
in appearance whereas the “bulging type’ is 
polypoid. 


DISCUSSION 


The fine structural details of cilia with 1) a 
typical 9 + 2 inner structure, 2) irregular ar- 
rangements of the axial filaments (supernumerary 
central fibrils, supernumerary or reduced pe- 
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Fig. 2. Typical 9+ 2 pattern of the fibrils in horizontal seetion at tip of the cilium. (x60,000) 


Fig. 3. Nine peripheral doublets and two central fibrils are seen from the middle portion of the cilia. Seme fuzzy 


material is present among the fibrils. (x60,000) 


Fig. 4.9 + 0 structure of the transitional region of the cilia. The dowubiets are closer together than at the leve! shown in 


Fig. 3. (x60,000) 


Fig. 5. Horizontal section of the basal bodies. At this level. the deublets become triplets which are completely sur- 


rounded by the dense material. (x60,000) 


ripheral doublets), and 3) multiple axonemes 
embedded in a homogeneous matrix, have been 
described in this paper. 


From the observations made in the present study, 
the anomalous axonemes such as 9 + 4,8 + 2 and 
10 + 2 patterns occurred infrequently, whereas a 





typical 9 + 2 fibrillar structure was most common- 
ly seen. The 9 + 4 structure was observed in only 
one cilium of an allergy patient. The atypical ar- 
rangement of the central fibrils had already been 
disclosed in the sperm tails from Sagitta,’? in the 
human endometrium,’ and in the human bronchial 
mucosa.®® Afzelius” stated that cilia and flagella 
with missing central filaments are only rarely en- 


la 





Fig. 6. High magnification of a horizontal section of a cilium. A definite unit membrane envelons the ciliary matrix 
which contains nine doublets and a pair of central fibrils. A relatively dense amorphous material is present among the fibrils, 


but no specific arrangement is visible. (x170,000) 


Fig. 7. The nine doublets and their dynein arms and spokes areanore clearly revealed by means of Markhara’s rotation 
technique. The lateral arms (la) are seen as inverted Z structure awd the inner arms (ia) have an L-like appearance. The 
spokes (S) are also visible radiating from the doublets towards the center. It is apparent that the arms anc spokes are attached 


to the subfiber A, but not to the subfiber B. (x170,000) 


40 TAKASAKA ETAL 





Fig. 8. Electron micrograph showing an atypical arrangement of the central fibrils. One cilium has an additional pair of 
the central fibriis (arrow), whereas the others show the typical 9 + 2 pattern. (x105,000) 


countered and he presented some electron micro- 
graphs showing 7 + 0,9 + 4 and 10 + 4 patterns. 
Hando et al? also found a few supernumerary cen- 
tral fibrils as well as missing one and they thought 
that the numerous aberrant cilia observed in human 
endometrium are related to the rapid periodic pro- 
cess of cell renewal. In the human brenchial 
mucosa, on the other hand, 9 + 0 axonemes were 
found by some authors but no supernumerary cen- 
tral fibrils were encountered as yet. 


The kinocilia in sensory organs often show 
atypical arrangements of axoneme. Takasaka and 
Smith pointed out that the kinocilia of the pigeon’s 





9 


Fig. 9. Two atypical tip patterns are shown in this electron micrograph. 8 + 2 and 10 + 2 arrangements are present at 
the left, and the regular 9 + 2 pattern is presen: on the cilium at right. (x105,000) 


basilar papilla did not have the typical 9 + 2 
tubular structure, and Engstroem et al” also have 
found 10 + 3 and multifibrillar structure in the 
kinocilia of the vestibular organ of the squirrel 
monkey. A recent study by Tanaka and Smith” 
showed that the internal structure of the kinocilia in 
the chicken’s papilla was also irregular and seven to 
nine doublets were organized into 8 + 1,7 + 1,6 
+ 2 or 6 + l patterns. In the present materials, 
three cilia from two patients had reduced periph- 
eral doublets and two other cilia of the same pa- 
tients showed a 10 + 2 inner structure. Therefore, 
the anomalies of the peripheral doublets were 
slightly dominant in number to the central aberran- 
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Fig. 10. The single arrow indicates an atypical cilium which lacks a sia le peripheral doublet as well as the subfiber B of 
another doublet. The double arrows point to the other one which also laeks a single peripheral doublet. The plasma mem- 
branes of both cilia are more straight at the sites where the doublets are ansent, (x73,000) 


Fig. 11. An additional peripheral doublet (arrow) is present at the peripheral matrix of the cilium. (x70 G00: 


cies by a5 to 1l ratio. This result was also confirmed 
by Konradova et al’ who often found atypical cilia 
with 8 + 2to5 + 2 inner pattern in a patient with 
recurring bronchitis. They observed 140 anomalous 





Fig. 12. Electron micrograph showing “adhesive type” 
compound cilia which contain many axial filament com- 
plexes. The largest one has 40 or more complexes. 
(x20,000) 


cilia and noticed 95% of them contained fewer ci- 
liary fatrils than 11 (9 + 2). McDowell et alë also 
observ *d incomplete axonemes such as 8 + 2 and 7 
+ 2 in eight patients witk various broachial 
diseases whereas 9 + 0 axoneme was found in only 
one pæ ent who died of head trauma. 


Recently, interesting findings on the ciliary struc- 
ture of <artagener’s syndrome have been reported 
by several authors.?'?"'* In the three subjects in- 
vestigaced by Afzelius,’? the respiratory cilia lacked 
partial dynein arms and contained a dense matrix 
betweear the ciliary filaments. Pedersen and My- 
gind® Fave also found that she nasal cilia of a 
womar with Kartagener’s syndrome lacked cynein 
arms and that the mucociliary :ranspert in the nose 
was ext-emely limited. Eliassen et aft have sum- 
marize= the clinical and pathological data of seven 
patiens with congenitally nonfunctioning cilia, 
and recorted that three of these patients had ran- 
domly xriented cilia with total or partial lack of dy- 
nein a ms. 

in ta2 present study, we saw no morphological 
changes of dynein arms in the cilia, although 
atypical arrangements of the ciliary filament com- 
plex we-e rarely observed. Katz et al’? have recently 
report-d that they found atypical cilia such as 8 + 
2,7 + 2and9 + 3 patterns, as well as the absence 
of dyrein arms in Kartagener’s syndrome. These 
findin«: seem to indicate that the misarrangement 
of the ciliary filament complex is alsc found in the 
epithe ium of Kartagener’s syndrome which is often 
assoeizted with chronic sinusitis. However, as these 
fibrillzy irregularities occur sc infrequently in this 
study, -t hardly seems possible that they would be 
phasicd sgically significant. 
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* 
Fig. 13. Scanning electron micrograph showing several compound cilia (arrows), all of which are “adhesive type.” 
ix8,400) 

Compound cilie, on the other hand, were fre- loid cyst mucosa of the third ventricle,” in the 
quently seen in the present materials. It ha. been bronchial epithelium of a heavy smoker with bron- 
previously reported that compound cilia were pres- chial cancer,®* and in the mucosa of the maxillary 
ent in normal hur.an middle ear mucosa," in a col- sinuses in allergic conditions.’ Compound cilia ap- 





‘ig. 14, Ar. oblique section of the “adhesive type” compound cilium which contains 26 axial filament complexes. 
Electron-lucent lumina which are formed by the -emnants of the ciliary membranes are present at the transitional portion 
(arrows). (x28,000) 
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Fig. 15. Electron micrograph showing a part of the “adhesive type” com sound cilium. Two cilia in the center (asterisk) 
are not included in the fusion. The arrows indicate the small lumina at the transitional region. (x20,000° 





Fig. 16. Electron micrograph showing “bulging type” compoune cilia They have a balloon-like appearance with a 
smooth surface and contain sparse axial filament complexes. G - Goblet cel’. (x 10,000) 
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Fig. 17. Three “bulging type” compound cilia are visible in this electron micrograph. The cilium at the right shows the 
narrow stalk which protrudes from the apical cytoplasm of the ciliated cell. The axial filament complexes are quite irregular 
in direction and some of them do not have typical 9 + 2 arrangements. (x11,000) 


pear to be rare in the nondiseased nose, although 
Kawabata and Paparella* have found a few in nor- 
mal epithelium. Friedmann and Bird® have stated 
they are more frequent in the diseased epithelium. 
We frequently observed them in the seven patients 
with chronic sinusitis, but none in the allergic pa- 


tients as far as we have examined the present 
materials. 
Ailsby and Ghadially® have commented on the 


manner of the compound cilia formation and sug- 
gested that “they are either produced by a fusion of 





Fig. 18. Scanning electron micrograph showing several “bulging type” compound cilia (arrows). The surface of these 


compound cilia is quite smooth. (x7,800) 
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pre-existing cilia or arise as a result of multiple axial 
filament complexes entering a single large evagina- 
tion of the plasma membrane.” Although we could 
not observe any definite morphological sequence of 
compound cilia formation, our present findings of 
two different kinds of compound cilia seem to in- 
dicate that both of Ailsby and Ghadially’s sugges- 
tions are feasible. 


The major morphological difference between the 
“adhesive type” and the “bulging type” concerns 
the population of the axial filaments embedded in 
the matrix. The “adhesive type,” an organization 
which lends itself to the assumption that it is pro- 
duced by fusion of ciliary membranes, is packed 
with multiple axial filament complexes, and 
possesses nonfused narrow luminal spaces at the 


transitional region of the ciliary shaft. On the other 
hand, the “bulging type” contains a small number 
of irregularly arranged axial complexes embedded 
in a large amount of cytoplasmic material and 


shows balloon-like profile; this could well be the 
result of eytoplasmic protrusions. 


On the possible function of the anomalous cilia, it 
is widely believed that the cilia without dynein 
arms Of Kartagener’s syndrome are immotile, but 
little is known about the cilia with atypica! arrange- 
ment of the fibrils. Only Ailsby and Ghadially* have 
mentioned that 9 + 0 cilia found in the human 
tracheal mucosa were immobile, at best, beat in a 
sluggish, erratic fashion. In the invertebrate, 
Phillips? has made careful studies of swimming 
spermatazoa on film taken with a high-speed mo- 
tion picture camera and discussed the motility of 
the various sperms with unusual internal structures. 
In his studies, he suggested that “when the 9-fold 
symmetry of the flagella is disarranged, the flagella 
is incapable of motility” and “flagelle tubules can 
effect motility without interacting with a central 
element.” Although these studies of various insects’ 
sperm brought us much information about correla- 
tions between the atypical axonemes and their func- 
tion, the motility of the human cilia with ano- 
malous fibrillar structures is still open to research. 
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EMERGENCY MANAGEMENT OF TRACHEAL STENOSIS 


RETROGRADE TRACHEAL BOUGIENAGE 


ISAAC ELIACHAR, MD 
JESMOND H. BIRKHAN, FFARCSI 


KURT SIMON, MB, ChB 
HENRY Z. JOACHIMS, MD 


HAIFA, ISRAEL 


A new technique ‘or immediate though temporary teliet of airway obstruction due to tracheal stenosis is described, Introduction of a 
small gauge cuffed encotracheal tube past the stenotic segment, followed by repeated withdrawal with the cuff inflated, allows for effec- 
tive and safe retrograde bougienage. Airway patency is maintained throughout. Following this procedure introduction of an endotracheal 
tube or tracheostomy cannula is facilitated and definitive surgery can be planned. 


Tracheal stenosis remains one of the difficult 
problems encountered in medicine today. Tis form 
of airway obstruction is most commonly « com- 
plication of either tracheostomy or prolonged 
tracheal intubation, especially when these pro- 
cedures are associated with assisted respiraticn. The 
increasing incidence of trauma to the neck, whether 
blunt or penetrating, due to road accidents. street 
violence or war injuries, has become another major 
causative factor. 


Symptoms of respiratory tract obstruction may 
appear at any time following decannulation or ex- 
tubation, but occur most commonly ten cays to 
three months after removal of the tube or 
cannula.'? The patient's airway may be signi icant- 
ly reduced before the full clinical syndrome “eveals 
itself. The diagnosis is often overlooked and #orrect 
treatment may be dangerously delayed. 


The value of radiographic examination of the 
trachea in making the diagnosis of tracheal s enosis 
cannot be overemphasized. Tomography, 
fluoroscopy and tracheograms (prior to endoscopy), 
provide valuable information as to the exact site 
and extent of the lesion. However in the faceof im- 
pending airway obstruction, there may not ke time 
to implement these sophisticated investigations. 


There are numerous reports describing the 
management of this syndrome, and most agree that 
resection of the narrowed segment, with end- o-end 
anastomosis is the treatment of choice. However, 
this procedure is not possible without suitable 
preparation in every case and airway obstruction 
must be relieved primarily. 


This consists of placement of an endotracheal 
tube, tracheostomy cannula, or in severe ceses, a 
bronchoscope, pas: the narrowing, until such time 
as an expert consultation can be obtained. Jnder 


conditions of severe stenosis tracheal bougienage 
may be essential in order to “break through” the 
stenotic segment and allow safe insertion of the tube 
or cannula. 


In reviewing the anesthesiologic and 
otolaryngologic literature, we did not find perti- 
nent detailed references to the management of 
acute respiratory obstruction due to tracheal 
stenosis. Indeed most of the combined literature 
discusses the management of late consequences of 
this disease. 


LOCATIONS AND TYPES OF TRACHEAL STENOSIS 


a. Annular stenosis, edema, granulation tissue 
and posterior displacement of the anterior tracheal 
wall at or above the level of the tracheostomy stoma 
are the most commonly encountered findings. 


b. Tubular stenosis immediately below the level 
of the cricoid cartilage is often the result of blunt 
trauma, incorrectly performed tracheostomy, or 
prolonged periods of intubation. 


c. Tubular stenosis below the stomal site or at 
the level of the thoracic inlet may be caused by an 
unduly inflated and mismanaged tracheal cuff. 


d. Lateral collapse of the tracheal lumen may be 
the result of severe infections, radiotherapy or ex- 
cessive removal of the anterior tracheal wall during 
tracheostomy. 


These stenoses may be associated with tracheal 
malacia, edema, and growth of granulation tissue, 
all of which aggravate and complicate the condi- 
tion.’ Of the four conditions cited, types c and d are 
potentially the most dangerous. Respiratory distress 
may occur even in patients with functioning 
tracheostomies, where the narrowing may be 
situated below the distal end of the cannula. 
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Fig. 1. A) Cuffed endotracheal tube introduced through 
the mouth, via the larynx, through a tracheal stenosis 
(right), and pulled back with the cuff inflated (left).B) 


Same procedure as in A, performed through a 


tracheostomy. 


Whenever an acute case presents itself, there may 
be no time for preliminary procedures or diagnostic 
evaluation. In this type of case prompt action is 
essential. 


The primary aim of emergency treatment is to 
reestablish rapidly a wide airway through the 
stenotic segment. Dilatation by means of the stan- 
dard filliform rigid bougies is safe only when per- 
formed by an experienced endoscopist working with 
the full cooperation of an able anesthesiologist. 
Episodes of apnea during this type of bougienage 
are unavoidable and may further endanger an 
already critically ill patient. 


We wish to present a technique of tracheal 
dilatation which has been safely used by us on 
numerous occasions and which eliminates the 
danger of apnea and subsequent anoxia. 


TECHNIQUE 


A rigid child’s endotracheal tube (internal 
diameter 4-5 mm) is passed into the trachea, either 


at 


through the mouth or through the tracheostomy, 
beyənd the stenotic zone (Fig. 1A, B). After ade- 
quate ventilation of the patient, this tube is ex- 
changed for one which is cuffed and of a similar 
diameter. Once the cuff has passed bevond the nar- 
row zone it is inflated and pulled back through the 
stenosis. This process of “retrograde tracheal 
bougienage” is repeated several times with suc- 
cessively small increments in the cuff pressure. 
Subsequently an endotracheal tube of larger - 
diameter may replace the first and the entire pro- 
cedure is repeated until the tracheal lumen is wide 
enough to allow the safe introduction of an efficient 
hollow stent, T-tube, wide endotracheal tube, or a 
long tracheostomy cannula. Lubrication with an 
anesthetic gel is of great value throughout. 









I: should be noted that throughout the applica- 
tion of this method of bougienage, airway patency 
is maintained and adequate ventilation coupled 
wita bronchial toilet is made possible. This tech- 
nique may be used, not only in the operating 
theatres, but also under topical anesthesia in 
emergency rooms, clinics, and wards. Once the 
acute emergency has been overcome. elective 
surgery may be undertaken with adequate time for 
proper preparation. 


DISCUSSION 


According to the literature on the subject of 
tracheal stenosis there is almost general agreement 
that dilatation by bougienage is of only temporary 
valae.*° However, there is no doubt that prompt 
dilatation may be life-saving in the acute case.’ 


This paper presents the application of the concept 
of retrograde bougienage, well established in the 
masagement of esophageal stenosis, to the similar 
problem of tracheal stenosis. The method has the 
following advantages. 


a. Its simplicity allows for safe usage even by 
those without experience or specialist training. 


k It utilizes standard equipment available in all 
departments of a general hospital. 


c. It may be performed under topical anesthesia 
especially through a tracheostcmy. 


c. Throughout the procedure a patent airway is 
maintained, rendering this maneuver safer and 
more suitable for acute emergency cases than any 
previously described method. 


€. It is possible to adopt th:s technique also for 
the dilitation of tracheostomy stomata. 


This technique is by no means the method that 
soive all the problems in żhe treatment of the 
te severely stenosed trachez, but it may be life- 
saving if properly utilized. It may also be applied 
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repeatedly to dilate chronic cases prior to and in 
preparation for end-to-end anastomosis. 


We have used retrograde tracheal bougienage 
with success both through tracheostomies and via 


the larynx, under the most demanding of emergen- 
cy situations, and feel that it is a significant advance 
in the emergency treatment of airway obstructions 
due to tracheal stenosis. 
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COMPARISON OF THE ANATOMY OF THE EUSTACHIAN TUBE 
IN THE RHESUS MONKEY (Macaca mulatta) AND MAN 


IMPLICATIONS FOR PHYSIOLOGIC MODELING 


WILLIAM J. DOYLE. PhD 
STEWART R. ROOD. PhD 


PITTSBURGH, PENNSYLVANIA ® 


The primate nasopharynx-eustachian tube-middle ear complex is being used to model both the normal and pathologic functions of the 
human eustachian tube by several researchers. An extensive search of the litereture has indicated little detailed information on the primate 
eustachian tube/middle ear system. This study was undertaken to define the anatomical characteristic of the system in the Rhesus monkey 
(Macaca mulatta) and to determine the limits on the use of the monkey as a madel of hurnan eustachian tube function. Although the direct 
application of morphologic data to explain the function of a system is tenuous. the data on the Rhesus monkey eustachian tube appears to 


be consistent with that published for other mammals. The tensor veli 
tube and effect tubal dilation. The muscle is attached to the lateral me 


palatini muscle appears to be the only muscle to act directly on the 
mbrancus tubal wall along its extrabullar extension. The muscle has 


an inferior attachment to the posterior hard palate and thus possesses a vector directed inferolaterally; contraction would appear to pull the 
membranous wall inferiorly and laterally, resulting in the tubal dilation. The eustachian tube relationships of the salpingopharvngeus, 
levator veli palatini, and internal pterygoid muscles are described. Their possible rele in primate tubal function is minimal at best. 


Over the past several decades, a great store of in- 
formation has been accumulated on the structure, 
function and physiology of the middle ear system. 
Associated with this and of particular concern to 
those investigating the pathophysiology of this 
system, is the anatomy of the eustachian tube (ET), 
The tube was first described in detail by Bar- 
tholomaeus Eustachius in 1562, and during the suc- 
ceeding 400 years, investigators +7 have attempted 
to describe the morphology of the ET with some 
degree of finality. However, many areas of tubal 
morphology remain controversial.*"! 


In addition to the descriptive presentation of data 
on the human ET, recent attention has also been 
focused on the anatomy of the ET of nonhuman 
mammals. The initial comparative investigation of 
the mammalian ET was published by Rudinger."? 
Few published studies followed, although more 
recently Sucheston and Cannon” reported com- 
parative descriptions of the microscopic variations 
of the ET in nine mammalian species and Lim and 
Paparella’* described the ultrastructure of the tube 
in the guinea pig. 


This renewed interest in the anatomy of the 
mammalian ET was generated in part by the use of 
animal models to define the normal and abnormal 
physiology of the ET system. Early models were 
developed employing various canine and rodent 
species, '*-*! In recent years, the animal of choice for 
these studies has been the Rhesus monkey.?2-*5 
However, as was pointed out by Cantekin et al,” 
the inferences made based on these models must 


Consequently, it is of some note that aside from 
the few previously mentioned studies and the more 
general descriptions published in textbooks, the 
anatomy of the ET in nonhuman mammals has not 
been described adequately. Therefore, the present 
investigation is concerned with the presentation of 
data on the structure and morzhology of the ET 
and related structures in the Rhesus monkey. The 
animal was chosen for study since it has been 
employed in modeling the human ET system and as 
a primate its ET should bear a number of obvious 
homologies to that structure in man. Comparisons 
with the anatomy of the human ET system are 
presented, as are implications as to the use of the 
Rhesus monkey in modeling the human system. 


METHODS 


The specimens used in this investigetion included 20 adult 
Rhesus menkey heads, three grossly normal human fetuses (ap- 
proximately 15 weeks of age). the left side from each of 12 adult 
human hemisected cadaver heads and the left ET from a newborn 
and adult human autopsy specimen, 


The 12 adult human cadaver specimens and 16 monkey heads 
were disseeted with standard gross cissection instruments. 
Micredissetion was continued using a dissecting microscope. 
Photographic documentation of lateral and medial dissections 
was made: 


Poors 


Four monkey heads were decalcified in an 8% formic acid-8 % 
hydrochloric acid solution after removing much of the extraneous 
tissue of the face and cranium. The three fetal specimens were 
similarly decalcified. This material was then processed for 
histologic study using a double embedding technique, as previous- 
ly outlined.’ 

The two Auman autopsy specimens were decalcified using 
trichleracetic acid (TCA) and were embedded in celloidin. For all 
specimens, 20nm serial sections were obtained using an American 
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Fig. 1. Comparison of the osseous cranial base of the Rhesus monkey (A) and man (B). 


Optical sliding block microtome (Model 860). Every fifth monkey 
and human autopsy section was stained using the standard 
hematoxylin and eosin procedure, while everv fetal section was 
stained using a modified Masson trichrome procedure. The 
stained sections were studied under a Wild-Binocular microscope. 
Photomicrographs were taken with a Nikon camera. 


RESULTS 
Four anatomic areas associated with the anatomy 
of the ET system of the Rhesus monkey and man are 
presented, These are the nasopharynx, the petrosa, 
the eustachian tube and the paratubal musculature. 


Further, since the ET and its musculature are in- 
timately related to the cranial base, this region is il- 
lustrated for both species (Fig.1) and may serve as a 
topographic outline of the reported relations. 
Descriptions are limited to information which is 
specifically related to ET form and paratubal func- 
tion. 

NASOPHARYNX (Fig.2) 


The nasopharynx represents the area of anterior 
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Fig. 2. The nasopharynx of the Rhesus monkey (A) and man (B) in gross dissection. (O - Orifice; P - Ossecus palate; V -Velum). 


termination of the ET and paratubal musculature. 
While in man the nasopharynx is a single chamber, 
that of the Rhesus is divided sagitally into two equal 
moities by a septal sheet of connective tissue (sep- 
tum membranosum). This septum is continuous 
with the vomer and attaches to the velum inferior- 
lv, the pharyngeal wall posteriorly and the ven- 
trocaudal border of the sphenoid along the sagittal 
midline. It is covered with nasal epithelium con- 
tinous with that of the vomer and nasopharyngeal 
walls and may allow for differential pressure 
generation bilaterally (Fig.3). Also to be noted in 
the velum of the Rhesus monkey is the division of 
the structure into two distinct layers, a superior 
muscular layer and an inferior glandular laver. 


The nasopharynx of the Rhesus is relatively more 
posteriorly directed due to the more obtuse clival 
angle. It is also relatively smooth-walled,. lacking a 
pharyngeal outpouching or fossa of Rosenmuller. In 
man, this fossa lies immediately adjacent to the 
medial cartilaginous lamina of the ET and bi- 
laterally extends the lateral nasopharyngeal mar- 
gins posteriorly beyond the pharyngeal raphe. As is 
obvious from Figure 1, the protrusive medial bullar 
wall occupies this area in the Rhesus. 


The ET enters the nasopharynx at a relatively 
more cephalic position in the Rhesus. This dif- 
ference is probably accountable to the lack of cur- 

vature of the Rhesus ET. The pharyngeal orifice is 
relatively much smaller, slit-like and = scarcely 
discernible against the smooth pharyngeal wall. In 
contrast, for man the pharyngeal orifice is relatively 
more inferior, larger and intrusive into the naso- 
pharynx. The prominent torus tubarius of man is 
covered with a massive connective tissue investment 
associated with the medial cartilaginous lamina and 
the origin of the salpingopharvngeus muscle, while 
for the Rhesus, the medial ‘artilage bears but a thin 
laver of perichondrium. 


>+ 


PETROSA (Fig, 1) 


The configuration of the petrosa which houses 
the middle ear, inner ear. carotid canal and 
“osseous” portion of the ET is appreciably different 
in tie two species. In man, the petrosa is apical in 
forr» and moderately flattened. Its anteromedial 
border is defined by the presence of the foramen 
lacerum and its anterolateral border approximates 
the foramina spinosum and ovale. The juncture of 
the osseous and cartilaginous portions of the ET is 
demarcated by a serrated edge medial to the carotid 
cana and lateral to the foramen spincsum. 


The petrosa of the Rhesus, while apical in general 
appearance, is somewhat bulbcus or semi-inflated. 
The foramina spinosum and .acerum which are 
found in the human cranial base are lacking in the 
Rhesus and the entire course of the carotid artery is 
surrcanded by bone. The foramen ovale is relative- 
lv lamge and is walled medially by the lateral margin 
of the petrosal bulla and laterally and posteriorly by 
a ee septal continuation of the extended lateral 
pterweoid lamina. The terminus for the intrabullar 
portion of the ET is relatively more anterior. It is 
located just medial to the anterior border of a 
foramen ovale. Here, the lateral bullar wall i 
relatively thin and abbreviated when compared to 
the thicker medial bullar wall which extends 3-4 
mm more anteriorly. The inferior border is rather 
bulbeus. 


la man, the canal for the ET is rather cylindrical, 
with an extremely thin and variable laver of air sells 
surrounding it. This canal conforms to the surface 
topegraphy of the petrous apex. 


For the Rhesus. the ET and carotid canal are 
enve opec by highly pneumatized bone of moderate 
co The air cells are rather small when com- 
pared with those of the mastoid regions. They com- 
mumicate with each other through small foramina 
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Fig. 3. The septum membranosum of the Riesus 
monkey illustrating gross morphology (A), coronal seetion 


(B). and sagittal seccion (C). (MS - Membranosum septum: 
V - Velum; GL - Glandular layer of velum; ML - Muscular 
laver of the velum) 


in their septa and open to the middle ear via an ex- 
panded air cell positioned along the anteromedial 
wall of the tympanic cavity (Fig. 4). The canal for 


the ET and that for the carotid artery are smooth- 
walled and lack direct communication with the air 
cell system 


EUSTACHIAN TUBE (Figs. 4 and 5) 


The structure of the ET is essentially similar in 
the two species. This is especially true of the ex- 
trapetrosal portion of the tube. In both, the tube is 
composed of medial and lateral cartilaginous 
laminae of unequal depth. The deeper medial car- 
tilage and the shallower lateral cartilage meet 
superiorly to form the “shepherd's crook.” These 
laminae in the Rhesus appear singular in nature as 
opposed to the discontinuous structures often ob- 
served for the human. In both species, the medial 
cartilage tapers with the lumen on appreaching the 
petrous temporal, though in man this is much more 
evident due to the rather large superoinferior extent 
of this structure at the nasopharyngeal orifice. The 
lateral cartilage more or less retains its depth to the 
petrosa (Fig.5). 

The tube is completed laterally and inferiorly by 
a veiled fibrous membrane. In the Rhesus, this 
membrane extends from a pretubal attachment 
near the base of the medial ptervgoid plate to the 
lateral bullar wall and continues into the bullar 
canal. It appreciably increases in thickness on ap- 
proaching the bulla and is the area of attachment 
for the tensor veli palatini muscle. The human 
membrane retains its thickness for the length of the 
tube and ends at the osseous-cartilaginous juncture. 


The prepetrous portion of the tube in both species 
is cradled within the sulcus tubarius to the naso- 
pharynx where the tube is attached to the posterior 
aspect of the medial pterygoid plate at the 
pterygoid tubercle in man and at the pterygoid base 
via an extension of the membranous wall of the 
Rhesus. 


In man, the sulcus tubarius is rimmed by raised 
medial and lateral longitudinal edges. On ap- 
proaching the posterior border of the medial 
ptervgoid plate, the hollow between these ridges 
shallows, thus raising the region into a curved bony 
sling which assimilates with the medial pterygoid 
margin immediately superior to the pterygoid 
tubercle. Conformity to this sulcus accounts for the 
curvilinear shape of the superior border of the ET in 
this region. For the Rhesus monkey, the lack of this 
raised sling and the general lack of significant 
kyphosis of the cranial base results in a linear tube 
from the nasopharynx to the middle ear. 


The osseous-cartilaginous juncture is a mean- 
ingful descriptive term only for the ET of man. 
Here, the cartilaginous tube ends with some exten- 
sion into the protvmpanum (osseous tube). In most 
specimens, the cartilage extends for about 3 mm in- 
to the ostium and ends here. More posteriorly, the 
tubal structure is composed of a respiratory epi- 
thelium surrounded by bone which proceeds pos- 
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Fig. 4. A) Coronal view of the eustachian tube and related structures in a 13-year-old human female from area near 


nasopharynx (1) to area near cartilage and osseous junction ( 


3}, B} Coronal view of the left eustachian tube with related 


structures in the adult Rhesus monkey from area near nasopharynx (1Y to area near tympanic orifice (3). TC - Tubal car- 


tilage: NP - Nasopharynx: L - 


teriorly to meet the middle ear tympanum about 4 
mm above its floor. The cartilaginous tube is firmly 
attached to the osseous orifice by fibrous bands. 


The cartilaginous tube in the Rhesus approaches 
the bullar orifice and extends into that structure. 
The intrabullar cartilaginous laminae taper superi- 
orly on approaching the tympanum to end just 
anterior to the area of carotid intrusion. The mem- 
branous wall is continued with the cartilage in- 
trabullarly. It narrows considerably in width on ap- 
proaching the tympanum and terminates with the 
cartilage. The intrabullar floor deepens by inferior 
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smoeih-walled 


Tubal lumen: B - Bulla. (H & E stain: 


disp: acernent of the bullar air cells te merge and 
become continuous with the inferior floor of the 
tympanum near the area of carotid intrusion. Con- 
seauently . the ET-middle ear relation is less well 
defiaed in the Rhesus while a more obvious juncture 
is present in the human. 


Tae tubal lumen of the Rhesus is relatively 
when compared to the diver- 
ticulsted lumen of man. Further, subepithelial 
glancular tissue is more pronounced in the Rhesus 
tube and is especially abundant at the 


nasopharyngeal orifice. A narrowing of the tubal 
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Fig. 5. The eustachian tube system in the Rhesus monkey (A) and man (B) illustrating the cranial base relations and 
disposition of the various muscles. 1 - Tensor trmpani; 2 - Osseous auditory tube; 3 - Cartilaginous auditory tube; 4 
-Dilatator tubae: 5 - Tensor veli palatini; 6 - Velura: 7 - Torus tubarius; 8 -Fossa of Rosenmiiller; 9 - Nasopharyngeal orifice: 
10 - Levator veli palatini. 
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lumen or isthmus is a characteristic of both species. 
ie isthmus int man E pales set aaa to the 


Acide in man, two thirds (20-25 mm) of the 
tube is extrapetrosal or cartilaginous and one third 
(11-14 mm) is intrapetrosal or osseous.’ This order- 
ing is reversed for the Rhesus in that one third (4-6 
mm) is extrabullar and two thirds (12-14mm) is in- 
trabullar. 


The tube of the Rhesus is straight channeled for 
its entire length and does not deviate from the 
cranial base. The ET descends at an angle 19° from 
the Frankfort horizontal and deviates laterally by 
an angle of 31° from a parasagittal plane. This is in 
marked contrast to the ET of the human which is 
relatively straight only in infancy. In the adult, the 
tube is sigmoidal.” While the osseous portion 
follows the lateral border of the petrous apex and 
deviates little from the horizontal plane, the car- 
tilaginous portion of the tube is angled 30-40° to 
that plane and 45° to a parasagittal plane. The two 
meet at an angle of 160° and the cartilaginous tube 
continues this inferior curvature along the raised 
margin of the sphenoid sulcus to the pterygoid 
plate.' 


PARATUBAL MUSCULATURE 


Most commonly included among the paratubal 
muscles are the levator veli palatini, tensor veli 
palatini and the salpingopharyngeus muscles. For 
reasons which will become obvious, to this list is 
added the tensor tympani muscle. Brief descriptions 
and comparative observations are presented for 
each muscle. 


Levator Veli Palatini. In man, the levator veli 
palatini arises from the infratubal portion of the 
apex of the temporal portion of the petrosa and 
courses inferiorly and parallel to the arched floor of 
the ET as a rounded muscle belly. Its fibers con- 
tinue to descend inferiorly and broadly insert into 
the dorsal surface of the soft palate in a fan-like 
manner. While some investigators reported an at- 
tachment to the tubal cartilage and/or membrane, ' 
our observations are in agreement with Terracol et 
al’ and others '°*° who reported that the levator veli 
palatini takes no tubal origin, though may be con- 
nected loosely by connective tissue investments. 


In the Rhesus, the levator veli palatini muscle 
takes its origin from the bulbous inferior border of 
the petrous ‘bulla and descends rather abruptly in- 
feromedially to fan out and insert into the dorsal 
border of the velum. The muscle bundle is less well 
rounded and the physical separation between it and 
the tubal floor is relatively greater. However, the 
levator veli palatini of the Rhesus curiously bears a 
well-defined attachment to the lateral membranous 
wall in the immediately prebullar area. These fibers 
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are few in number, though the consisteney of this 
observation may be of some significance. 


Tensor Veli Palatini. For man, the tensor veli 
palatini muscle appears to be anatomically and’ 
functionally divided into two fiber bundles.” © The 
more lateral bundle (tensor veli palatini) is of an in- 
verted triangular design and takes its origin from 
the tendon of the tensor tympani muscle, the 
scaphoid fossa and the lateral osseous ridge of the 
sphenoid sulcus for its entire extent. The angle of 
fiber descent relative to the cranial base changes 
from an acute angle more posteriorly to a more ob- 
tuse angle anteriorly. The fibers bear a slightly 
lateral inclination and converge anteriorly as a ten- 
dor which rounds the pterygoid hamulus about an 
interposed bursa to insert into the horizontal pro- 
cess ef palatine bone and blend with the palatine 
aponeurosis, The medial bundle, more properly 
termed the dilatator tubae muscle, takes its origin 
from the posterior one third of the lateral mem- 
branous wall of the ET and lies in immediate jux- 
taposition to the fibers of the lateral bundle. These 
fibers aeutely descend anteroinferolaterally to enter 
and blend with the fibers of the lateral bundle. 
Some fibers of this group remained distinct and 
were observed to terminate cn the posterolateral 
border of the medial pterygoid lamina,’ 








The morphology of this muscle is distinctly dif- 
ferent in the Rhesus monkey. In particular, the ten- 
sor veli palatini is singular in nature. The posterior 
fibers take their origin from the abbreviated lateral 
builarwall. The more anterior fibers originate from 
the prebullar membranous portion of the tube for 
its entire length and from the base of the medial 
ptervgoid plate. The fibers descend inferolaterally 
to converge at the pterygoid hamulus as a tendon. A 
nusnber of fibers insert into the posterolateral sur- 
faee of the pterygoid plate, while the tendon rounds 
the hamulus about a bursa to insert upon the 
alveolar margin of the palatine bone or blend with 
the palatine aponeurosis. 


Similar in the two species are the wandering 
fibers of the superior pharyngeal constrictor and in- 
ternal pterygoid muscles which cross inferior to the 
tensor tendon and insert onto the pterygoid 
hamulus. These fibers may prevent functional 
transposition of the tendon. Also of interest are the 
fascial thickenings and shared muscle fibers be- 
tween the tensor veli palatini and internal 
pterygoid muscles observed in the two species. 
These may serve to integrate the action of these 
muscles, 


While in both species this muscle is closely 
associated with the internal pterygoid for its entire 
course, the extended lateral pterygoid plate in the 
Raesus (Fig. 1) may have profound influence on 
tubal mechanics as contraction and consequent 
bulging of the internal pterygoid muscles would be 

medially directed. This may serve to assist the 
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passive mechanism of tubal closure in that animal. 


ry of the 
salpingopharyngeus is essentially similar in the two 
‘species. The muscle takes its origin from the 
anterior portion of the medial cartilaginous amina 
of the ET. It descends as a rounded muscle belly in 
the human and as a flat-bellied muscle in the 
Rhesus to divice into two bundles. The anterior 
bundle descends to the superior cornu of the thyroid 
cartilage and inserts there while the postericr bun- 
dle blends with the posterior pharyngeal wall. In 
both species, this muscle consists, for the most part, 
of connective tissue invested upon a variable 
number of muscle fibers and appears ta lack 
physiologic capab:lity as was stated by previous in- 
vestigators.”° 


Salpingopharyrgeus. The morphology 





Tensor Tympani. The morphology of the tensor 
tympani differs somewhat between the two species. 
The basic difference is the tensor veli palatini-tensor 
tympani continuity and the imposed bipenate form 
found in the human. Specifically, in man the tensor 
tympani takes its origin from the tubal cartilage and 
sphenoid bone medially. It becomes tenconous 
within the semieanal. This tendon receives lateral 
muscle slips whick represent a continuation of the 
most posterior fibers of the lateral bundle of the ten- 
sor veli palatini nuscle.'°?” In the Rhesus, the mus- 
cle originates intrabullarly solely from the superior 
border of the cartilage. For both, the muscle gs 
proaches the maidle ear within its semicanal. 
man, the tendow makes a right-angled turn a 
the cochleariform orocess, while in the Rhesus, the 
muscle’s tendon angles about the connective tissue 
pulley and then, as for man, inserts into the body of 
the malleus. 


DISCUSSION AND CONCLUSIONS 


In the previous section, the anatomy of the ET 
and related struetures were compared in the two 
species Homo sapiens and M. mulatta. The present 
section is designed to emphasize those differences in 
morphology whieh may have functional correlates 
and thereby detine the adequacy of the Fhesus 
monkey model. ín this respect two areas are dis- 
cussed, the ET proper and the paratubal 
musculature. 


While the basie structures of the ET is similar in 
the two species, the relations of the tube to the sur- 
rounding structares do deserve mention. Of 
primary significance is the relation of the ET with 
the petrosal bulla in the Rhesus. Since it is con- 
tinued as a carti aginomembranous structure into 
the petrosal cana’ and to the middle ear, coraplex 
movement, such as rotation or elevation, which 
have been suggested for the ET of man are not 
possible for this species?’ Further, as the majority 
of the tube is supported wholly or in part be the 
bullar structure, t is most probably less compliant 
than that of maa, which is only superiorly sup- 








ported. The relatively straight tube, smooth 
lumenal walls and lesser angle of descent in the 
Rhesus may also have functional consequences, 
though these are not as readily appreciated. 


The paratubal musculature is also somewhat dif- 
ferent in the two species. The tensor veli palatini of 
man is anteroposteriorly divided into two muscle 
bundles, the tensor veli palatini proper and the 
dilatator tubae muscle, while that of the Rhesus is 
singular in nature. The dilatator tubae attaches to 
the posterior one third of the membranous wall of 
the cartilaginous tube and is the functional tubal 
dilator. In contrast, the tensor veli palatini of the 
Rhesus is attached to the membranous tubal wall 
for its entire extrabullar course from the ab- 
breviated lateral bullar wall to the medial 
pterygoid plate. Consequently, dilation in the 
Rhesus may be more coordinated and efficient as 
the inferolateral pull of the muscle is directed over 
the entire extrapetrosal length of the ET. 


The levator veli palatini of man is closely 
associated with the floor of the tube while in the 
Rhesus it is only diffusely related. Significantly, the 
levator in the Rhesus bears a number of fibers 
which have a direct attachment to the inferior tubal 
wall in the immediately prebullar area. This direct 
attachment has not been confirmed for man and is 
of unknown functional value, though these fibers 
may serve to assist tubal closure. 


In man, the tensor tympani muscle is directly 
continuous via a slender tendon with the most 
posterior fibers of the tensor veli palatini muscle. 
Such a fibrous continuity is lacking in the Rhesus. 
The tensor tympani takes its intrabullar origin 
directly from the fibrous and cartilaginous tubal 
walls. This difference may result in a more well 
defined functional integration of the actions of 
these muscles in the human as has been suggested." 


The close association between the tensor veli 
palatini and internal pterygoid muscles has been 
reported for both species. However in the Rhesus, 
the extended lateral pterygoid plate bounds any 
lateral deviation of this muscle. Consequently, con- 
traction and thickening of the body of that muscle 
during chewing must result in a medially directed 
force on the tensor and subsequently, the eusta- 
chian tube. ee seine ations on ee 
ptery goid muscle may be an I coristrictor of 
the ET lumen.* Recent observation suggests a simi- 
lar though less pronounced effect in man. 


As was pointed out, the Rhesus monkey has been 
employed in the development of various models of 
ET-middle ear function." While the im- 
plementation of these models is implicitly of value 
to those concerned with the basic physiology of this 
system, the extrapolation of the more specific 


"Cantekin El, Unpublished data. 
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knowledge gained from the Rhesus to the human 
functional system has been questioned. The present 
paper outlines a number of close parallels, and 
homologies as well as specific differences between 
the anatomy of this region in the Rhesus and man. 
However, while the interspecific morphologic cor- 
relates herein presented appear to allow for ex- 
trapolation of the basic physiological data thus far 
gained from such models to the human condition, 


future research (such as dezined surgical pro- 
are may ee these sole similarities 
ae the present paper may “be vend: as defin- 
ing a series of parametric affinities which cir- 
curascribe the boundaries of allowable inference 
against which the extrapolative power of each new 
model must be evaluated. 
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Sarcoidosis is a chronic systemic granulomatous disease that occasionally affects the larynx. When the degree of involvement is 
marked, significant airway obstruction can occur. We present four cases of laryngeal sarcoidosis that resulted in airway obstruction. The 
clinical features of sarcoidosis of the larynx are discussed. and current methods of treatment are summarized. The laryngologist should in- 
clude laryngeal sarcoidosis in the differential diagnosis of patents with airway obstruction, and should play a major role in its management. 


Sarcoidosis is a chronic granulomatous disease of 
uncertain etiology which may involve any organ 
system. When the larynx is affected, the clinical 
picture is quite variable, ranging from diffuse or 
localized edema to an exophytic mass. Syraptoms 
are frequently absent or mild, but severe airway 
obstruction can occur. The case histories of four pa- 
tients who presented with airway obstruction are 
summarized and their treatment is discussed. 


CASE STUDIES 


Case 1. A 3l-yezr-old Caucasian male came to the ENT 
clinic after three months of respiratory difficulties. Inrtially he 
had noted a slight inspiratory restriction on exertion which 
became pronounced over a month’s time. When first seen he was 
comfortable at rest but became stridulous when climbing a flight 
of stairs. The rest of his medical history was unrervarkable. 
Physical examinaticr was negative, except for indirect 
laryngoscopy which demonstrated a markedly swollen epiglottis. 
This structure was described as “turban-shaped” and appeared 
firm rather than edematous. The airway was about 60°. of nor- 
mal capacity. The arytenoids and their vocal processes were clear- 
lv visible and there was no impairment of laryngeal motion. 
Routine, fungal and acid-fast cultures, intradermal tests for 
blastomycosis, cocidicidomycosis, histoplasmosis and tuberculosis 
were all negative. A positive cutaneous reaction to mumps an- 
tigen was obtained. Liver profile, routine blood chemistry studies 
and chest radiographs were all normal. 


The patient underwent direct laryngoscopy which confirmed 
the initial observations Biopsies of the epiglottis revealed a non- 
caseating granulomatous laryngitis which was diagnosed! as sar- 
coidosis. Cultures of th.s tissue failed to produce growth. Follow- 
ing laryngoscopy. the patient's respiratory difficulties increased 
and he was placed on therapeutic doses of prednisone for eight 
weeks. Although his symptoms rapidly reversed to the preex- 
amination status, no drastic improvement in the laryngeal condi- 
tion was noted. Steroids were discontinued over a ten-day period 
and he was closely followed. Laryngeal findings remained un- 
changed for approximetely six months, when some regression of 
the swelling could be noted. At 12 months, the epigsottis re- 
mained deformed but the airway was much improved and the pa- 
tient was asymptomatic. The larynx appeared normal 18 months 
after diagnosis. 


COMMENT. This patient appeared to have isolated laryngeal 
sarcoidosis. While there have been reports describing sarcoidosis 
involving only the larynx, in most instances there was a past 
history of other organs being affected. The location and ap- 
pearance of the lesions were not unusual for the disease, nor was 
the lack of a dramatic response to steroid therapy uncommon. 
Complete remission months or even years after onset is seen fre- 
quently. As this case illustrates, active laryngeal sarcoidosis occurs 
in the absence of active pulmonary disease. This is contrary to the 
pattern seen in tuberculosis, where tuberculous laryngitis is 
almost always associated with active pulmonary disease. 


Case 2. A 58-year-old Negro male came to the emergency 
room with progressive airway obstruction. He gave a one-year 
history of coughing up material that looked like meat. Intermit- 
tent hoarseness had been present for six months, occasionally 
associated with dyspnea. Past medical history included a stroke 
two years previously with a nearly resolved left hemiparesis. A 
violaceous maculopapular rash had been present on the cheeks 
and shoulders for one year. The patient had been taking 
Isoniazid® for the previous six months after converting to a 
positive purified protein derivative (PPD) skin test. Physical 
examination revealed moderate respiratory distress with mild 
stridor and orthopnea. On indirect larynoscopy, a gray, exophytic 
nonulcerated mass was identified obstructing almost the entire 
subglottic area. Vocal cord appearance and mobility were 
unremarkable and no other abnormalities were noted on the head 
and neck examination. Immediate tracheostomy was followed by 
direct laryngoscopy and biopsy of the subglottic mass. At bron- 
choscopy a similar exophytic lesion was biopsied at the carina. 


The histological diagnosis of all specimens was sarcoidosis (Fig. 
1). Cultures for mycobacteria and fungal organisms were 
negative. Although the admitting chest radiograph showed no ac- 
tive disease, a review of films taken the year before showed lesions 
compatible with sarcoidosis. After obtaining a significantly 
elevated serum angiotensin-converting-enzyme (ACE) level, 
treatment was instituted with prednisone, 60 mg daily. This 
resulted in rapid improvement. The patient was Cecannulated 
after two weeks, and examination of the larynx and trachea 
showed complete resolution of the exophytic lesions. Six months 
after beginning treatment, the serum ACE level had returned to 
normal and the steroids were tapered. He has been followed for 
over one year without recurrence. 


COMMENT. This patient had multisystem involvement in- 
cluding skin, lungs and CNS (maculopapular rash, positive chest 
x-ray, and resolving hemiparesis). The positive tuberculin test 
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Fig. 1. A) Multiple submucosal granulomas surrounded by a dense inflammatory infiltrate (H & E, x150). B} Higher 
magnification of individual sarcoid granuloma. The epithelioid cells ave surrounded by polymorphic inflammatory cells. The 
absence of giant cells is unusual, but is compatble with sarcoidosis tH & E. x350). 


was unusual since 80-90% of sarcoid patients are PPD negative.' 
The coexistence of facial skin lesions with larvngeal involvement 
has been noted frequently.?* Subglottic and carinal lesions have 
been reported before. but appear to be less common than those in 
supraglottic locations.' Of special interest in this patient is the use 
of serum ACE to document active sarcoidosis and monitor the 
response to therapy. This is a relatively new diagnostice test, and 
appears to be specific for sarcoidosis.* 


Case 3. A 43-vear-old Negro female was admitted to the 
hospital with a three-day history of progressive shortness of 
breath. The patient had a five-vear history of sarcoidosis diag- 
nosed by biopsy of skin lesions. Two months previously she had an 
indirect laryngoscopy because of hoarseness and intermittent 
respiratory difficulties. At that time she was fourd to have 
moderate, diffuse supraglottic swelling affecting primarily the 
epiglottis and false cords. A growth was also noted on the right 
true cord: larvngeal mobility was not affected and her airway was 
considered adequate. On admission the patient was in mild 
respiratory distress with slight inspiratory and expiratory stridor, 
Head and neck examination revealed marked swelling of the 
epiglottis and false cords and thickening of the right true cord. 
The airway was reduced by appreximately 50% and the neck ex- 
hibited bilateral anterior and supraclavicular adenopathy. The 
remainder of her physical examination was remarkable in that 
there were multiple raised cutaneous lesions of sarcoidosis involy- 
ing the face, scalp, neck and right leg. Laboratory studies were 
normal except for elevated gamma globulins with a sight eleva- 
tion of IgG. Intermeciate-strength PPD was negative; chest ro- 
entgenograms demonstrated moderate prominence cf the right 
hilum. Larvngeal tomograms (Fig. 2) demonstrated diffuse swell- 
ing of the right true cord, false cords and arvepighottic folds, 
Direct larvngoscopy revealed a restricted though sufficient airway 
and confirmed the indirect findings. Biopsies of these areas were 
later reported as containing noncaseating granulomas. diagnosed 


+ 


as sarcaidesis. The same histological findings were reported from 
multipe biepsies taken from the base cf the tongue, oropharvnx 
and tonsils. A bronchoscopy failed to reveal any suspicious lesions. 
The patient was initially placed on Decadron* (6 mg in- 
travenoushy every six hours for three davs) with improvement of 
her -tridor. Thereafter, prednisone (40 mg every other day) was 
given. Four months later the patients airway had improved. 
althaugh false vocal cords and aryepiglottic folds remained 
mocerately swollen. She had no respiratory or phonatory dif- 
ficulties when last examined. 


COMMENT. This case is unusual because of the diffuse pat- 
terreo! laryngeal involvement and especially because of extension 
of toe process to the right true cord. The rarity of cord involve- 
ment probably accounts for the fact that most of these patients 
present wits airway obstruction rather than hoarseness. Elevated 
gamma globulins. as noted in this patient, are present in 70% of 
patients with sarcoidosis. but this vest is not very specific 
diagnestically. 


Case 4. A 53-vear-old Negro female was admitted to the 
hospital with hoarseness and increasingly severe dyspnea of five 
weeksduration, The patient had an ll- vear history of sarcoidosis 
diagnesed by supraclavicular lymph node and lung biopsies. An 
otolarvngological evaluation three months prior to admisssion 
failed to reveal anv pathological fincings. Head and neck ex- 
amination was remarkable only at indirect larvngoscopy. The 
epigiottis was slightly swollen, but the false cords were markedly 
thickened. restricting the airway by approximately 50%. The 
musosa overlying the arytenoids (Fig. 3) was strikingly edematous 
but the appearance and mobility of the vocal cords was not im- 
paired. 





Laboratory findings were unremarkable except for slight gam- 
ma głobulin elevations, Chest roentgenograms demonstrated 
bilateral hilar adenopathy and mocerate pulmonary fibrosis 
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Fig. 2. Laryngeal’ AP tomogram demonstrating distor- 
tion of the larynx òy sarcoidosis. There is involvement of 
the right arytenoid, false cord, ventricle, true cord. and 
subglottic area (arrows). The interarytenoid notca is 
displaced zo the left. 


which was considered unchanged from previous studies. 
Intermediate-strength “PD was negative. 

Indirect laryngosccyy findings were confirmed by direct ex- 
amination, and multin.e biopsies from the supraglottic structures 
showed noncaseating granulomas diagnostic of sarcoidosis. The 
patient was started on prednisone (40 mg daily) and was.cischarg- 
ed in stable condition ten days after admission. Two months later 
there was little change in the laryngeal appearance but there was 
no stridor or progressicn of symptoms. 

COMMENT. This case illustrates that early diagnostic and 
therapeutic intervention by the otolaryngologist may be helpful in 
arresting the progression of airway obstruction. Xeroradiegraphy 
is a simple, noninvasive method for documenting laryngeal in- 
volvement, since it is most effective in delineating air-tisswe inter- 
faces. However, this should not be considered a replacer:sent for 
indirect larvngoscopy and careful attention to any change in 
clinical symptomatology. 


DISCUSSION 


Sarcoidosis is a granulomatous disease of un- 
known origin tha: can affect any organ system, 
although the adrenal glands are almost never in- 
volved. Most patients are between 20 and 5C vears 
of age, and by the sixth decade the disease is usually 
quiescent. The clinical symptoms vary over e wide 
range, reflecting zhe location of specific lesions. 
Frequently affected sites are the skin, lymph nodes, 
bone, lungs, spleen, liver, uveal tract, parotid and 
lacrimal gland. Constitutional symptoms are pres- 
ent in most patients, with weight loss, fatigue, 
dyspnea, cough and chest pain being those mest fre- 
quently experienced. 


The head and reck may be variously affected. 





Fig. 3. Lateral neck xeroradiograph demonstrating 
swollen arytenoid (arrow) restricting the airway. 


Uveittis, frequently associated with parotitis 
(uveoparotid fever) is present in one third of pa- 
tients and may precede the onset of systemic 
manifestations.’ Lesions of the facial skin, nasal 
mucosa, nasopharynx, tongue, oral cavity, 
hvpopharynx, larynx, trachea and esophagus may 
be noted. Cranial neuropathies, including sen- 
sorineural hearing loss,® facial paralysis,” and vocal 
cord paralysis,* have been attributed to sarcoidosis. 
The central nervous system may be affected? as seen 
in our second case, and extension of nasal sar- 
coidosis into the olfactory bulb has been reported.’ 


In 1965, Devine’ presented an extensive review. 
In addition to a detailed discussion of the general 
aspects of sarcoidosis, he reported his experience 
with laryngeal involvement, and summarized that 
of all previous authors. From this study, it appears 
that lesions occur in the larvnx in 1-5% of all pa- 
tients with sarcoidosis. All or any part of the larynx 
may be affected, and the lesion varies in ap- 
pearance from diffuse or localized edema to a solid 
mass resembling a tumor. Since the disease process 
is submucosal, ulceration is rare. 


The epiglottis is the site most often involved. 
typically with mulliary white to brown nodules at 
the free margin that can become a confluent in- 
durated swelling. as in our first case report. The 
arvepizlottic folds, arvtenoids, false cords and 
subglottic areas are also frequently affected. but the 
true vocal cords are rarely involved. This sparing is 
probably related to the scarcity of lymphatics in the 
true cords and may in part explain the rarity with 
which laryngeal sarcoidosis leads to airway obstruc- 
tion. 
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The histologic appearance of laryngeal lesions of 
sarcoidosis is the same as is seen in other locations, 
Noncaseating granulomas composed of large polv- 
hedral epithelioid cells. with pale. eosinophilic 
evtoplasm and ovoid vesicular nuclei are character- 
istically present. Giant cells of both foreign body 
and Langhan type are usually abundant but are not 
required for pathologic diagnosis. There is often a 
surrounding infiltrate of inflammatory cells (Fig. 
1). Older lesions become fibrotic and h valinized, in- 
dicating inactivity of the disease. In distinction to 
tuberculosis. all the granulomatous lesions in sar- 
coidosis are at the same stage of development. 
When necrosis occurs it is fibrinoid rather than 
CasCQUs, 

In Devine's study of eight patients who developed 
airway obstruction. five required a tracheostomy. ' 
In addition, a few patients who died from asvphyx- 
iation secondary to larvngeal sarcoidosis are men- 
tioned. The type of lesion causing obstruction 
varied from diffuse edema to exophvtic masses. 
Kirschner and Holinger" recently commented on a 
l4-vear-old boy with svmptoms of sarcoidosis since 
the age of nine. who developed acute stridor. Dif- 
fuse laryngeal edema with polypoid subglottic 
masses and narrowing of the cervical trachea were 
noted. The patient responded well to systemic 
steroids initiallv. and a tracheostomy was avoided. 
Dyspnea recurred, however, while the patient was 
still under treatment, and surgical removal of 
polypoid granulations was required to improve the 
airway, 





Carasso’’ reported a patient with svstemic 
manifestations of sarcoidosis who developed 
larvngeal involvement with airway obstruction, 
Polvpoid masses arising from the epiglottis and false 
vocal cords were noted, and the patient was treated 
with prednisone. After a mild improvement, airway 
obstruction recurred. The patient was treated with 
radiation therapy to a total dose of 3,040 rads to the 
larvnx. The larvngeal masses decreased in size and 
the patient has remained free of airway obstruction 
for five vears. Carasso did caution that two other 
previously reported cases of sarcoidosis of the larynx 


treated with radiation therapy had poor results. In 
one. fibrosis and distortion of the larvnx and 
esophageal structure occurred, while in the other. a 
tumer-lke lesion of the false cord did not respond 
well to therapy and had to be excised to relieve 
dyspnea. 


Te date there are no specific guidelines for the 


management of larvngeal sarcoidosis. Since the 
disease has a tendency toward spontaneous regres- 
sion, patients who have only mild or moderate air- 
wav symptoms can be followed on a regular “basis. 
When severe airway obstruction occurs. high dose 
systemic steroids may help initially by relieving 
edema. Local injection of depot steroids is occa- 
sionally effective, but the risk of worsening the 
decree of obstruction with the trauma of the injec- 
tion must be considered, This method appears most 
effective for diffuse infiltrating lesions in which 
obstruction is secondary to severe edema.’ Besides 
steroids. chloroquine-tvpe druzs have occasionally 
been of benefit by virtue of their antiinflammatory 
effect." 

Experience with radiation -herapy for obstruc- 
ting larvngeal sarcoidosis is limited. and failures 
outnumber successes. The potential hazards of 
raciation therapy limit its usefulness in this situa- 
tion. Tracheostomy and surgical removal of ob- 
structing lesions is a safe, conservative form of treat- 
ment that appears to be at leas: as effective as other 
reported modalities. especially when treating bulky 
lesions. Our second case illus:rates the rapid im- 
prevernent that can be effected by surgical in- 
tervention, that probably would not occur if ster- 
oidk alone were used. 

As onr cases illustrate. progressive airway ob- 
straction can be the first and enlv manifestation of 
sarceidesis, and may lead to a life-threatening 
ensergency. The larvngologist should be attentive to 
signs of laryngeal involvement in patients who have 
sarcoidosis, since he will play a key role in their 
diagnosis and treatment. Until the causative factors 
responsible for sarcoidosis are defined. therapy will 
remain nonspecific and symptomatic., 
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In order to test the hypothesis that there is air streaning through the upper airways to the ipsilateral lung, and that reflex hypoventila- 
tion of the ipsilateral lung may occur in unilateral nasal cbstraction, 11 volunteers and three patients were examined for these phenomena, 


ment thereof under conditions of nasal obstruction. Thus.acute or chronic nasal obstruction does not alter the distribution of inspired gas to 
the lungs. Neither air streaming nor reflex bronchoconstriction occurs with nasal obstruction. 


INTRODUCTION 


The physiologic relationship of nasal 
pathophysiology with resultant pulmonary dis- 
orders has been a subject of study for over 5C vears. 
Wotzilka' found that rabbits which breathed in 
coal dust through one nostril only had tke dust 
deposited in much larger quantities in the ip- 
silateral lung at autopsy. In 1939 Samzelius- Lejd- 
strom’? demonstrated that in humans, occlusion of 
one nostril caused increased amplitude of respira- 
tion in the contralateral hemithorax. In addition, a 
series of papers from Washington University School 
of Medicine, St. Louis, Missouri, have suggested 
that anterior and posterior nasal packing, nasal 
obstruction secondary to septal deviation,** or in- 
fection’ lead to a decrease in pulmonary compliance 
and an increase in pulmonary resistance, even with 
mouth breathing. From these data one mav postu- 
late: a) the presence of air streaming through the 
upper airway to the ipsilateral lung, anc/or b) 
reflex hypoventilation of the ipsilateral lung in 
unilateral obstruction. 


We have examined 11 volunteers and patients for 
air streaming and reflex hypoventilation employing 
Xenon-133 (Xe) for pulmonary ventilation scin- 
tigraphy, a technique which correlates wel with 
conventional pulmonary function studies.‘ 


METHODS 


Three healthy patients with significantly deviated septa and 
fixed unilateral nasal obstruction were studied. One of these three 
with a deviated septum was studied before and after septal repair. 
Eight clinically normal nonsmoking subjects, aged 26 tœ32, with 
anatomically normal respiratory tracts were also examined by in- 


direct endoscopy, after appropriate informed consent. All subjects 
studied had normal pulmonary function tests, including 
mechanies of breathing and lung volumes. 


Xenon-133 was employed to study the intrapulmonary 
distribution of inhaled gas because gases of low water solubility 
yass through the nose with little absorption, whereas water solu- 
ble gases are taken up in large amounts, as are aerosols.’ 


A face mask with midline septum was designed so that, when 
fitted to the face, it made contact with midline of the nose 
throughout its vertical dimensions. This created a two-chamber 
mask with separate control of the respiratory content of each 
nostril (Fig. 1). After a 15 to 30 minute period for each subject to 
become accustomed to the mask while breathing air, 5 to 15 mCi 
of Xe was injected into an airtight bag containing one liter of 
air connected to one chamber on the nae by large gauge tubing. 
The other chamber of the mask was connected to an identical tub- 
ing and bag system, also containing one liter of air but no ‘Xe. 





Fig. 1. Face mask with midline septum and a chamber 
for each naris. 
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TABLE 1A. DISTRIBUTION OF ‘XE IN EACH LUNG BY 


ORAL AND NASAL INHALATION 
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Total Counts Observed 


Experimental During Breath Holding 
Subject_Inhalation R Lung % L Lung % 
With 
Deviated 
Septum A RN 6,443 52.2 5,908 47.8 
LN 7,455 50.9 7,186 49.1 
M 2,526 53.4 2,205 45.6 
B RN 2,124 54.1 1,801 45.9 
LN 4,660 52.2 4,259 47.8 
M 1,410 51.3 1.341 48.7 
C RN* 346,489 51.5 325,867 48.5 
LN* 353,106 53.8 303,630 45.2 
M* 175,461 52.8 156,651 47.2 
RNt 149,561 51.7 139,741 48.3 
LNt 94,924 48.8 99,479 51.2 
Mt 253,089 52.0 233,682 48.0 
Normal D RN 53,365 51.6 50,039 48.4 
LN 45,558 47. 49,733 52.2 
M 42,346 46.3 49,106 53.7 
E RN 2,097 49.7 2,124 59.3 
LN 3,761 46.7 4.285 53.3 
M 1,590 47.7 1,745 52.3 
F RN 36,230 50.6 35,344 49.4 
LN 94,656 50.1 54,410 49.9 
M 51,119 48.8 53,716 =1.2 
G RN 5,234 50.7 5,062 49.3 
LN 33.976 49.4 34.801 0.6 
M 25,711 53.0 22.732 47.0 
H RN 85,567 47.5 94,678 59.5 
LN 80,854 47.5 89,341 52.5 
M 80.335 47.9 87.471 52.1 
| RN 3,590 50.9 3,462 49.] 
LN 1,480 49.3 1,522 §).7 
M 2,792 52.0 2,079 48.0 
RN - Right nostril: LN - Left nostril; M - Mouth. 
*Preop. 
t Postop. 


The concept of a two-chamber mask for the study of gas stream- 
ing was felt to be more desirable than other methods of ducting 
air and '**Xe to the nose unilaterally, because it precluded some 
factors which could alter intranasal aerodynamics, such as distor- 
tion of the nasal airway by extrinsic pressure or narrowing ef the 
airway by any indwelling device. However, to determine if acute 
nasal obstruction had any mechanical or reflex effects cn in- 
trapulmonary nasal distribution, the nostril connected to the bag 
containing only air was plugged with cotton and the study 
repeated for two of the normal volunteers. 


Each subject was studied in the seated position with a gemma 
camera positioned over the lungs posteriorly, employing a low 
energy diverging collimator. The ab took a slow, modeil 
deep inhalation, approximately midway between tidal vdlume 
and vital capacity, followed by breath-holding for 45 to 60 
seconds. Following the breath-holding maneuver ‘Xe washout 
took place, employing a closed collection device with one way 
valve. 


The procedure was performed with ‘Xe inhaled through the 
right nostril first, then through the left nostril, and finally 
through the mouthpiece. There were 15-minute intervals be- 
tween each study to permit complete washout of Xe from the 
tissues, as confirmed 4 gamma camera scintigraphy. Because we 
were comparing the two lungs of the same subject under different 
inhalation conditions there were no geometric counting problems 
as a source of error in this system. All studies were recorded on 


VTAELE 2. HALF-TIMES OF LUNG WASHOUT OF 
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| Right Left — 
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With Deriated Septum A RN 9.5 11.0 

aN 4.5 5.0 

M 4.0 6.0 

B RN oo) 3.5 

WN 20 3.0 

M pan 4.0 

C RN* 11.8 12.1 

LN* 11.5 11.6 

V+ 12.0 $1.6 

RNI Le 10.9 

LNI 11.3 11.8 

MT 11.6 11.6 

Normal D RN 29 J 

LN 20 4.0 

M 200 4.0 

LN TA) 3.0 

M 5.5 6.5 

I RN 4.5 5.5 

LN 3.0 3.0 

M 5.0 Go 

LN 3.0 5.5 

M 3.0 4.0) 

H RN 7.5 9.0 

LN 3.5 8.5 

M 2.0 3.0 

I RN 33 5.5 

LN 2,0 ae. 

M 3.0 5.0 

*Proor 
1 Peston, 


PTochmecally unacceptable study. 


videstape using a data storage unit with area of interest capabili- 
ty. Thesstudies were played back to obtain measurements of ac- 
tivity im the lungs, dividing each lung into upper, middle and 
lower thirds of equal area. Polaroid® images were obtained at 
30-secors intervals, and strip-chart recordings were employed to 
provide #ime-activity curves for analysis of each washout period. 


RESULTS 


The activity from the upper, middle, and lower 
segments of the right and left lungs was counted 
over sequential five-second intervals. Since no sig- 
nificamt differences were found in the ratios of 
counts from right to left lung for corresponding up- 
per. middle, and lower pulmonary segments during 
each fve-second interval when viewed posteriorly, 
the tetal right and left lung counts were summed in 
each stucy over the full 45 to €0 seconds of breath- 
holding to provide the number of courts used in the 
statistical analysis. 

In the three patients with deviated septa (Table 
1A) aud the eight normal subjects (Table 1A, B), the 


TABLE 1B. DISTRIBUTION OF '#XE IN EACH LUNG BY ORAL AND NASAL INHALATION 


Experimental No Nasal Obstruction i Nasal Obstruction 

_ Subject Inhalation R Lung % p L Lung % i R Lung % i L kung % 
J RN 21,086 48.0 22,855 52.0 21,560 51.1 20,544 48.9 

LN 33,835 50.4 33,284 49.6 35,713 50.5 34,992 49.5 

M 20,105 50.4 19,748 49.6 25,444 48.6 26,952 51.4 

K RN 16,084 54.6 13,366 45.4 15,112 50.6 14,768 49.4 

LN 2,277 56.6 1,746 43.4 7,901 49.0 8,237 51.0 

M 4.744 53.0 4,203 47.0 11,470 50.5 11,265 49.5 


+ 


» 
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percent of total counts for the right and left lungs 
varied only slightly. A three-way analysis of 
variance was employed for the data in Table 1A, B. 
"No significant variation was discovered between 
right and left lung or among the routes of inhala- 
tion. Similarly, no interaction between the route of 
inhalation and intrapulmonary distribution was 
found. Differences in ‘Xe distribution were not 
found in two ncrmal volunteers with or without 
cotton plugged in a nostril (Table 1B), in the nor- 
mal volunteers who did not have this mechanical 
obstruction (Table 1A), or those three with deviated 
septa (Table 1A) either before or after operation. 


Washout half times were also determined from 
the strip-chart recording for the three subjects with 
deviated septa and six of the normal volunteers, ex- 
haling from the rght and then the left nostril, then 
by mouth. Again ‘there were no significant differ- 
ences, all being 12 seconds or under, well within the 
limits of normal (Table 2). 


DISCUSSION 


Our results are in direct conflict with those sug- 
gesting that acute or chronic nasal obstruction 
alters pulmonary mechanics, specifically lower air- 
way resistance in animals and man.‘ In eight nor- 


mal volunteers and three patients with moderately 
deviated septa we were unable to detect an altera- 
tion of distribution of "Xe between the right and 
left lungs when the '**Xe was inhaled from the right 
or left nostril, or with mouth inhalation. These data 
exclude an air streaming effect under the conditions 
studied. The intersubject variation we discovered 
(P<0.01) is simply related to the varying amount of 
'3Xe injected into the system for each subject. 


Thus no difference was noted in '*Xe distribu- 
tion between right and left lungs when the gas was 
inhaled through each normal nostril, nares with 
deviated septa, or with cotton obstruction of the 
contralateral nostril. In addition, there was no 
evidence of delayed washout of '*Xe from either 
lung or any segment thereof under conditions of 
nasal obstruction by either a deviated septum or 
cotton placed in the anterior naris. Xenon clearance 
correlates quite well with conventional pulmonary 
function studies both in our experience and those of 
others, so that if any alterations in pulmonary 
resistance did occur they were extremely subtle. 
Therefore from these studies one may conclude that 
acute or chronic nasal obstruction does not alter the 
distribution of inspired gas to the lungs by either 
streaming or reflex effects. 
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LYMPHOID HYPERPLASIA OF LARYNX 
SIMULATING NEOPLASIA 
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e 
A rare case of lymphoid hyperplasia of the adult larynx (hyperplasia of the laryngeal tonsil) is reported. Wile this benign lesion re- 
curred following surgical excision, the patient has been followed for more thar two years without additional therapy and is asymptomatic. 
Seven additional cases of laryngeal lymphoid hyperplasia in the English literature are reviewed. The problerns related to inadequate 
sampling (biopsy) and the histologic criteria for diagnosis are emphasized. To «lefine the pathogenesis and ultimate biologic potential of this 
lesion, more cases must accrue and be studied with a longer follow-up. 


The pathological terms, lymphoid pseudotumor! 
(lymphoid hyperplasia), benign lymphoma and 
pseudolymphoma describe an entity which occupies 
a position intermediate to inflammatory lesions of 
known etiology and frank neoplasms of the lym- 
phoreticular system. Saltzstein? has discussed the 
clinicopathological features which aid in differen- 
tiating malignant lymphomas from pseudo- 
lymphomas; the latter he defined as representing 
the extranodal counterpart of a reactive lymph 
node which necessitated differentiation from non- 
Hodgkin's and Hodgkin’s lymphoma. However, the 
pathogenesis and treatment remain an enigma. The 
pathologist is presented with a diagnostic dilemma 
and the otolaryngologist must rely on his interpreta- 
tion of the histopathology to plan appropriate treat- 
ment. The following case report describes a case 
which was treated by surgery alone, recurred, but 
has exhibited a benign course. 


CASE REPORT 


A 62-year-old Caucasian female was referred for 
evaluation of a prolapse of the ventricle in May 
1976. She had been hoarse for more than four years 
and while her voice had improved following 
removal of vocal cord polyps two years previously, 
it had never returned to normal. She also described 
the sensation of fullness in her throat and slight 
dysphagia but no cough, dyspnea or other signifi- 
cant symptomatology. 


The patient had smoked 1 1/2 packs of cigarettes 
a day until eight months prior to her evaluation in 
Chicago. She used alcohol infrequently and no 
drugs other than hydrochlorothiazide for hyperten- 
sion. She was otherwise in good health and had no 
allergies. Family and past histories were 
unremarkable. 


Indirect laryngoscopy enabled visualization of a 


smooth, rounded cyst-like mass involving the left 
false vocal cord; there was prolapse of polypoid 
tissue from the left ventricle. The vocal cords 
mowed normally. There wes no cervical or 
generalized adenopathy. Physical examination was 
otherwise normal. 


Ske was admitted to the hosp:tal; anteroposterior 
tomograms of the larynx and lateral xeroradiogram 
of the neck demonstrated the supraglottic mass 
(Fig. l+. Routine chest x-rays, hemogram and urine 
studies were essentially normal On May 19, 1976, 
direct Laryngoscopy was carried out under general 
anesthesia. A polyp was excisec from the left vocal 
cord. The mass, 1.5 em in diameter, was observed 
to iavelve the posterior left supraglottic larynx. It 
was firm, freely movable, and covered by normal- 
appearing, smooth and intact mucosa, A large bore 
needle was directed into the mass but fluid could 
not be aspirated. Biopsies were <aken which showed 
“voeal cord nodule” (left vocal cord) and “frag- 
ments. of slightly hyperkeratotic squamous 
epithelium with no evidence cf malignancy” (left 
supraglottic larynx). 


Cn fume 7, 1976, the patient was readmitted and 
the mass excised under genera anesthesia through 
the preferred external approact..? A 5 cm horizontal 
incision was made in a skin fold above the thyroid 
notch. The thyrohyoid membrane was exposed and 
divided at the superior margir of the thyroid car- 
tilage: particular care was taken to preserve the 
superior laryngeal nerve, The form, multilobulated, 
gray mass was dissected submucosally and delivered 
over the thyroid cartilage without entering the 
larynx itself. The wound drained and the incision 
closed: frozen section skowed “lymphoid 
hyperplasia”; the final pathologic diagnosis at that 
time was “atypical lymphoid nodule.” Epstein-Barr 
viral titer was positive at 1:64 dilution, probably 
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Fig. 1. Preoperative lateral xeroradiogram of the neck. 
Mas 85.1976. The smooth, rounded soft tissue mass far- 
rows) is observed it the supraglottic region, 


not significant. Orher viral titers were less than 1:8. 
Total protein was normal, 


The patient continued to have persistent 
hoarseness which made her work as librarian 
somewhat difficult. When she was seen again Oc- 
tober 21, 1976. vocal cord mobility was normal. A 
polypoid swelling involved the left vocal cord and 
anterior commissure. The left supraglottic larynx 
was again enlarged. 


Her hoarseness progressed and on December 
29.1976, she uncerwent direct laryngoscopy and 
multiple biopsies with the aid of the operating 
microscope, The left true and false vocal cords had 
a polypoid appearance. Biopsies of the anterior and 
posterior portion of the left false cord again showed 
“atypical lymphoid nodule.” Biopsy of the left true 
vocal cord was interpreted as a “laryngeal nodule.” 


Since then, the patients voice has remained 
strong and clear. She has been asymptomatic and 
without evidence of recurrent disease more than 
two vears since her last biopsy. 


Pathology. The specimen received from the exter- 
nal surgical resection was nodular and averaged 1.5 
cm in all dimensions. The cut surface was gravish- 
white and had a lobular pattern. The entire 
specimen was embedded for microscopic examina- 
tion. Histologic sections revealed the typical un- 
dulating folds of :ntact pseudostratified columnar 
epithelium overlying a grenz zone. Adjacent to this 








Fig. 2. Diffuse sheets of monomorphic population of 
Inmphoevtes, (H & E, x60) 


zone was a diffuse, homogenous population of 
round to slightly indented, mature-appearing lym- 
phocytes (Fig. 2). These cells had slightly promi- 
nent nucleoli and were devoid of appreciable 
mitotic activity (Fig. 3). These lymphocytes in- 
filtrated the submucosa surrounding mucous acini 
and ducts. Angiofollicular formations, granulomas 
and a “starry sky” pattern were not observed. There 
was no evidence of necrosis, vasculitis or 
microabscesses. Fibrous trabeculae containing 
ducts and blood vessels partitioned the infiltrate 
and were responsible for the lobular pattern noted 
on gross examination. A few plasma cells were 
observed adjacent to these trabeculae: however, im- 
munoblasts and Reed-Sternberg cells were not pre- 
sent. The peripheral margin of the tumor was 
rounded and rimmed by a thin laver of connective 
tissue. In these areas well-defined germinal centers 
(secondary follicles) were observed. The germinal 
centers contained “tingible bodies” within 
macrophages (phagocytosis), mitoses and the 
tvpical clefted, variably sized nuclei associated with 
reactive germinal centers (Fig. 4). In none of the 
numerous sections examined was there a polymor- 
phous infiltrate containing either neutrophils. 
eosinophils or histiocytes. Furthermore, there was 
no evidence that this proliferation occurred within 
a lymph node. 
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Fig. 3. Mature lymphocytes, round to slightly indented 
nuclei and paucity of mitoses. (H & E, x400) 


The reticulin stain was characterized by a focal 
condensation of fibers around blood vessels and oc- 
casional clusters of cells. The vessels were scattered 
haphazardly throughout the cellular proliferation 
but were devoid of endothelial swelling, necrosis 
and inclusions. The methyl-green-pyronine stain 
depicted rare mature plasma cells throughout the 
infiltrate and highlighted the reactive germinal 
centers. 


Biopsy material removed six months later re- 
vealed a histologic picture identical to that de- 
scribed above with the exception of the absence of 
germinal centers. 


DISCUSSION 


The occurrence of benign lymphoid tumors in the 
adult larynx is unusual as is their neoplastic 
counterpart.7* Only eight cases pertaining to 
laryngeal lymphoid hyperplasia have been located 
in the English literature. Al-Saleem et al have 
described an extensive (5 cm) supraglottic laryngeal 
lesion; the histology was similar to the present case 
but lacked germinal centers.’ Their patient was 
treated with radiation (3.600 rads) because the le- 
retrospect, however, it was interpreted as a benign 
lesion. The tumor responded well to radiotherapy 


$ 





Pig. 4. Moderately well delineated germisal center. 
Note “tingible bodies” within histiocytes that appear as 
lacunar spaces in the lower right portion of germinal 
center, HH & E, x60) 


and the patient had an uneventful seven year 
follow-up. In the patient reported by Salkeld, the 
problem of histologic interpretation is again evi- 
dent.'* The reports of three pathologists included a 
premalignant disgnosis, one benign anc one maig- 
nant diagnosis; the latter was subsequently re- 
versed, 


Mabr reported a patient with lesions which in- 
volved aot only the supraglottic larynx but the 
nasopharynx as well.'' The histology was similar to 
the ease reported by Al-Saleem. Cobalt radiation 
(2,900 rads) was given to the larvnx where the le- 
sion of the left arvepiglottic fold was causing airway 
obstmuction. No change in size of either lesion was 
noted at the completion of radiotherapy. One 
month later the laryngeal mass had decreased to 
one third its original size: the nasopharvngeal mass 
was barely discernible, although it had not been in- 
cluded in the field of radiation. Four menths poszir- 
radiation the larynx and nasopharynx appeared 
normal, Fourteen months following radiation there 
was ne evidence of recurrence. 


Asn et al reported that S. H. Rosen, in a personal 
communication in 1962, studied four cases.' These 
lesions were located in regions of the larynx where 
lvmphoid tissue is not commonly seen:” one in zhe 
true veca cord and three involving the arytenoids. 
Rosea emphasized that these lesions morphological- 
ly represented lymphoid hyperplasia anc should not 
be confused with malignant lymphoma. Therapy of 
these four patients was not mentioned. 
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A patient reported by Climie et al’? had a 
supraglottic lesion which is to be differentiated 
from the above. Although it represents a form of 
' lymphoid hyperplasia, it had the distinctive histolo- 
gy most frequently found in the mediastinum; 
Castelman first described this lesion which is re- 
ferred to as giant lymph node hyperplasia or lymph- 
oid hamartoma.” Although the patient had a recur- 
rence-free seven month follow-up after surgical ex- 
cision, the unique morphology of the lesion 
distinguishes it from the cases previously cited. 


branes.'* This lymphoid tissue has been referred to 
as the laryngeal tonsils. Since the gress and 
microanatomic features of the present case con- 
form, it probably represents hyperplastic laryngeal 
tonsillar tissue. The significance of the history of 
vocal cord polyps, prolapse, surgical trauma and 
the unilateral presentation of the lesion is not ap- 
parent. 


The presence of germinal centers, polymerphism 
of the associated infiltrate (lymphocytes, plasma 
cells and histocytes) without cellular anaplasia, and 
the absence of regional lymph node involvement 
has been emphasized in distinguishing benignancy 
from malignancy.” Our case contained germinal 
centers, lacked cellular anaplasia and demonstrable 
regional lymph node involvement but exhibited a 
predominantly monomorphic, mature lymphocytic 
population suggesting a well differentiated lym- 
phocytic lymphoma (diffuse pattern). While exci- 
sional biopsy precluded this problem, only diffuse 


sheets of mature lymphocytes devoid of germinal 
centers were seen in the biopsy of the subsequent 
recurrence representing the hazards which can be 
associated with a solitary random biopsy. 


The problem is further compounded by the opin- 
ion of Jackson and Jackson who felt that some be- 
nign lymphomas of the larynx progress to malignant 
laryngeal lymphomas.'® Their conclusion may 
reflect problems with sampling as well as the his- 
tologic criteria for benign lymphoma, especially 
when the lesion contains a follicular (nodular) ele- 
ment.'® The seven cases previously reported and the 
present case do not have sufficient follow-up to 
refute Jackson’s statement. In a retrospective study 
of the clinicopathological aspects of pulmonary 
pseudolymphoma versus lymphoma, Greenberg et 
al reported two cases of pseudolymphoma which 
subsequently developed lymphoma." Both of these 
cases contained ill-defined germinal centers and the 
authors caution its use as a morphologic indicator of 
benignancy. One of the cases developed a lym- 
phocytic lymphoma of the orbit which is a very dif- 
ficult diagnosis in this anatomic region because of 
the well known occurrence of the orbital pseu- 
dotumors mimicking lymphoma. 


In conclusion, lesions of the larynx composed of 
well differentiated lymphocytes and containing 
well defined germinal centers appear to represent a 
benign process. Careful histologic examination of 
adequate material is necessary along with assess- 
ment of regional lymph nodes. Additional cases 
with long-term follow-up are needed to clarify the 
pathogenesis and ultimate biologic potential of this 
condition. 
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The audiologic uses of Synte 2, a speech synthetizer converting text into speech. with unlimited word capavity, are described, One 
hundred persons with normal hearing, who were divided into four equal groaps, listened to 150 to 400 words u'tered at speeds equal to 
rates of 50, 60, 70 and 80 words per minute. Groups of words were uttered at 5-see intervals at 50 dB SL. After 100 words the listeners’ 


discrimination scores rose to over 80%. 


The highest mean score was 85%, The results were much the same for all the speeds tried. Syn- 


thesized speech affords the only means of producing identical, sensitized-speech tests over and over again. Although naturally the original 
tapes wear out, master tapes made on different occasions keep the test results eonstant. Synte 2 also provides an aid for the mute. It makes 
man-machine communication possible in business and industrial use. It serves a useful purpose also in speech pathology and phoniatric ex- 


aminations. A discussion machine is under development. 


INTRODUCTION 


The production of speech synthesized from writ- 
ten text to spoken word is a subject of intensive 
research. So far, difficulties are being encountered 
in most languages because of considerable dif- 
ferences between the transcription symbol and the 
corresponding phoneme. It has been difficult to for- 
mulate rules for the transformation. 


The Finnish language has the advantage of a 
close phonetic correspondence between the written 
symbols and the sounds they represent. This has 
made it possible to attempt the development of a 
text-to-speech synthesizer with unlimited capacity. 
However, many difficulties complicate the project, 
owing to the factors affecting the redundancy of the 
words. Phonetic structure, different acoustic 
qualities, quality of the speaker, etc, affect the ex- 
trinsic redundancy; the length, semantics and fre- 
quency of the words, grammatics of the speech and 
the subject dealt with affect the intrinsic redundan- 
cy. 


In 1974, the Technical Research Center of 
Finland, in its Laboratory of Biomedical Engineer- 
ing at Tampere, began to develop a portable text- 
to-speech synthesizer. The first practical result in- 
volved a large computer system. A subsequent 
miniaturization led to the first portable text-to- 
speech synthesizer, Synte 2, which is 8 x 20 x 30 cm 
in size and thus can serve for everyday use, eg, as a 
speaking machine for the mute. 


A microcomputer system (Motorola 6800) con- 
stitutes the basis of the machine. It has been fully 


described by Karjalainen and Laine, 
Karjalainen,” and Rahko et al * Further technical 
information is available from these articles. 


The discrimination score of synthesized speech in 
different hearing defects and in a small normal 
material has been studied,* and its potential com- 
pared to conventional speech audiometry. Its future 
use in business and scientific, largely audiologic, 
applications was also discussed. 


The purpose of the present study was to discover 
the optimum word speed as a function of discrinina- 
tion score, and to evaluate the effect of habituation 
on thisscore. Extensive analysis of the responses, it 
was hoped, would lead to improvement in certain 
phenemes, and later modify the rules for operating 
the computer, Also, we wanted to find a suitable 
basis far a sensitized-speech test using speeds and 
lists of words specifically selected for a central 
heating defect analysis. 


METHODS 


The series consisted of 100 volunteers with normal hearing. Sex 
distribution was virtually even and ages ranged from 18 to 40 
years, All the subjects had a hearing of + 10 dB ISO in pure tone 
audiogram. In no case was there a past history of known hearing 
defect or central nervous system defect among these subjects. 


The measuring equipment comprised a silent room, a Madsen 
OB 70 audiometer and a cassette reccrder. The test tapes were 
produced by letting Synte 2 emit words at 5-sec intervals directly 
onte the master tape. The rates at whieh the words were emitted 
ee nded to a speech speed of 50, 60, 70 and 80 words per 
minute, The list of words used was composed of the vocabularies 
for s pee: 'h tests by Jauhiainen.® A. Palva‘ and T. Palva.” 
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Fig. 1. The discrimination score as a function of word 
number, analyzed in 25-word groups. SD - Standard 
deviation; mean disce % - Mean discrimination score, 


100 200 


The test subjects were randomly divided into four groups of 25 
Each group listened to 150 consecutive words, in identical order 
but played at different speeds for the respective greups. The 
group listening to the words at a speech speed of 80 words per 
minute was given an additional 250 different words after the list 
of 150 words. The objective was to ascertain whether the 
discrimination score improved as more words were heand, ie, the 
effect of habituation. Incorrect answers were recorded word for 
word for a later errcr analvsis. 

The mean discrimination scores (dise %) were calculated after 
every 25 words in the different speed groups, that is te say, for 
0-25 words, 25-50 wards, 50-75 words, ete. In this waw, six con- 
secutive discrimination score means were obtained dor each 
speech-speed group. With their aid it was possible to study the im- 
provement of the discrimination score as a function of the number 
of words. 


The speed corresponding to 80 words per minute gave 16 con- 
secutive discrimination score means. This provided sor: indica- 
tion as to the effect of habituation on the discrimination: score dur- 
ing a 400-word test (dise %). 


RESULTS 


Figure 1 shows the development af the 
discrimination score as a function of the number of 
words. Analyses were made by 25-word groups. Be- 
tween 75 and 100 words the discrimination score 
rose distinctly, bevond the level of 80%. and a 
slight tendency towards a further increase persisted. 
The test subjects lacked the patience to continue 
with the test bevond 400 words. The mean discrim- 
ination score for the last 100 words was 84.4% . The 
slightly rising trend visible in Figure 1 suggests that 
even better values might have been reached after 
more prolonged listening. 


Table 1 gives the mean and standard deviation 
for 25 subjects who correctly identified consecutive 
25-word groups. The word list was the same for 
each subject. The best mean between 75 and 100 
words was at 60 words per minute: discrimination 
score, 91%: number of subjects, 22.7. The dif- 
renee. between word speeds were not statistically 

J . The various speeds display virtually 
aa numbers of subjects identifying words cor- 
rectly. 


Figure 2 represents a system of coordinates 


ie ureri 
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Fig. 2. The number of correctly heard words on the ver- 
tical axis as a function of the number of listeners identify- 
ing words correctly; 150 words, 25 listeners with normal 
hearing in each group. The word-presentation speed varies 
from 50 to 80 words per a minute. 


where the vertical axis gives the total number of 
words as a function of the number of persons 
(horizontal axis) identifying them correctly. The 
number of correctly identified words is seen to be at 
its maximum with a speed of 70 words per minute. 
The differences are small, and the function shows 
much the same trend at different speeds. 


Since the number of subjects hearing the words 
correctly was practically the same at all word 
speeds in a given phase of the test, the 400-word test 
was given to one group only. 


DISCUSSION 

The discrimination score of the first 100 words at 
a presentation level of 50 dB SL was 72.8%. We 
therefore plan the first application of synthesized 
speech to consist of a sensitized-speech test, with 
100 words in five-word groups spoken alternately to 
the left and the right ear. According to Figure 1, 
discrimination score will increase to nearly 80% 
percentage that may well suit this type of tect, 
Whenever a central nervous system lesion affects 
the hearing it apparently also affects the 
discrimination score.® In perceptive recruiting le- 
sions,* the discrimination score was only about 5% 
below that for the normal ear. It seems, therefore, 
that this test, contrary to what was assumed earlier, 
has no significance in the diagnosis of perceptive 
recruiting lesions. 


It can be seen from Figure 2 that word speeds 
ranging from 50 to 80 words per minute have no 
marked effect on the discrimination score. The 
number of words identified correctly by all the 
listeners, however, reached its maximum at 70 
words per minute, a speed that therefore may be a 
suitable compromise between comfort of listening 
and results. Listening to very slow speech was 
reported by the listeners to be rather a strain, due to 
the concentration required. Hence 70-80 words per 
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Ordinal 
Number of 
Words Counted from 


50/min 


Beginning of Test = Mean SD Mean 
0-25 15.0 6.6 13.6 
26-50 18.5 6.1 17.0 
351-75 18.6 7.2 18.6 
76-100 21.6 4.0 Beet 
101-125 20.6 5.2 20.5 
126-150 19.8 5.2 19.6 


SD - Standard deviation. 


minute seems to be adequate for the business and 
industrial application of Synte 2. 


Analysis of the misinterpreted words revealed 
some weaknesses in the production of phonemes. 
The analysis was made at a speed of 60 words per 
minute. Phoneme /t/ was heard as /p/ in 28 of 150 
words, and as /k/ in 18. At the beginning or end of 
the word it was occasionally not heard at all. In 18 
words /v/, and in 10 words ‘j/, was heard as im/. In 
10 words /j/ was heard as /n/. In 17 words /n/ was 
heard as /m/ and in 10 /r! as /1/, 


The vowels were practically always heard cor- 
rectly. The length of the component vowel sounds 
in triphthongs must be readjusted. The best con- 
sonants were /s/, /h/, /l/ and /m 


Synthesized speech seems to offer a new approach 
to the sensitized-speech test, as it is the only means 
by which to reproduce fully identical test material 
after the test tapes are worn out. Also, this is the on- 
ly method to create a lasting basis of comparison for 
a sensitized-speech test, because even the master 
tapes have a limited age and will eventually wear 
out. 


After hearing some 300 words of synthesized 
speech, the discrimination score for individual 
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Word Speed 


7O/min SO min 

Number of Subjects 

SD Mean SD Mean SD 
6.9 15.2 vel tome 6.5 

7.4 17.7 T 16.7 6.8 

7.3 19.5 6.3 19.2 6.2 

2.8 21.8 4.] 21.6 4.0 

4.4 20.1 4.] 19.0 6.3 

6.5 19.5 6.0 19.0 3.8 


words rises to 85%. This figure Poe that the 
speech synthesizer under review, Synte 2, can be 
used in. business and industrial eae Cas com- 
munication and as an aid for the mute. 


The fature outlook for Svnte 2 is good. It makes 
man-machine communication possible through its 
unlimited vocabulary, and it may also be used in 
rehabilitation of the mute. We are at present 
designing a rapid keyboard and remote terminal for 
the machine. With this it will be possible to com- 
municate with richer nuance than is usual in our 
language enrichment programs. It should also pro- 
vide the means for a greater variety of communica- 
tion between those with reduced hearing and/or 
diffieu't speech, and the subjects with normal hear- 
ing. The discussion machine is now under develop- 
ment. {t uses a synthesizer and an alpha numeric 
display connected through FM systems to two 
kevboards. 


kn addition, Synte 2 produces a sensitized-speech 
tesi which remains the same, and standardized, 
forever. The speech production program of the 
machine is to be expanded to suit other European 
languages as well. * 


Sy rite «2 goes into production in 1979. Research and development are 
still in progress, 
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KERATOACANTHOMA OF THE HEAD AND NECK 
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ad 
Four representative cases of keratoacanthoma of the-head and neck are presented; one of which contained squamous cell carcinoma at 
its base. Although keratoacanthoma has become recogrized as a distinct clinieal entity, its similarities to squamous cell carcinoma fre- 
quently result in difficult diagnosis. A discussion of the disease spectrum, diagnosis and management is presented. Prompt and complete 


surgical excision of head and neck keratoacanthoma is recommended, 





In the past 30 years keratoacanthoma 
(crateriform ulcer,’ self-healing, primary squamous 
carcinoma,’ molluscum sebaceum,? tumor-like 
keratosis,* squamous cell pseudoepitheliome*) has 
come to be recognized as a distinct entity; however, 
its histological and clinical similarities to squamous 
cell carcinoma frequently lead to misdiagnosis. Fur- 
thermore, the tendency for some keratoacant 20mas 
to resolve spontaneously while others persist. recur, 
or develop into squamous cell carcinoma has caused 
disagreement concerning its management. 


LITERATURE REVIEW 


As early as 1889 Sir Jonathan Hutchinson’ 
described the lesion, calling it crateriform ulcer of 
the face. There were various reports in the fellow- 
ing vears, but it was not until the 1950s that the 
term keratoacanthema became generally acceated.® 
Since that time there have been many report. con- 
cerning this lesion in the dermatology literature; 
however, few have discussed the management of 
the solitary lesion of the head and neck, and there 
has been a paucity of discussion of keratcacan- 
thoma in the otolaryngologic literature. 


CLINICAL CONSIDERATIONS 


Keratoacanthoma is a benign, dome-shaped, 
raised, generally painless lesion, that appear: and 
grows rapidly, most often on an exposed surfece of 
the body. Frequently, patients report antecedent 
trauma to the area. Patients usually range from 40 
to 70 years of age” However, it is rarely seen in 
Negroes. Although it characteristically reache: 1 to 
2 cm in size, it is occasionally larger, and s or- 
dinarily raised 5 to 10 mm above the skin surfaze. It 
usually has a rolled lateral border with a central 
keratinous plug which may fall out, leaving & cen- 
tral crater. Spontaneous resolution occurs in many 
of the lesions over a period of 8 to 32 weeks. E left 
untreated, some will slowly decrease in size, lose the 
central core, and finally disappear. Malignant 








transformation and malignant metastasizing 
keratoacanthomas have been reported,’ although 
these are rare and may represent lesions which were 
initially malignant but misdiagnosed. 


The tumor usually presents on the exposed sur- 
face of the body. Eighty percent occur in the head 
and neck region, particularly in the cheek, nose, 
and lip. The other 20% occur in the chest, ex- 
tremities, hands, nail beds and groin,® It is most 
often a solitary lesion, although multiple 
keratoacanthomas have been reported, especially in 
the extremities. 


These lesions are not rare, Szymanski,’ in a 
review of 1000 cases of skin tumors, found 
keratoacanthoma to be more common than 
squamous cell carcinoma. Others have reported the 
ratio to be one keratoacanthoma for every two or 
three squamous cell carcinomas, '®" 


Three growth phases of keratoacanthoma have 
been described.* An initial growth phase 
characterized by rapid growth, usually lasting 
about two weeks is followed by a stationary phase, 
in which the keratoacanthoma ceases to grow and 
shows little outward change. Toward the end of this 
phase the keratin plug may be lost, leaving a central 
crater. This phase usually lasts two to three months, 
but may last as long as six months, Then follows a 
resolution phase in which the tumor undergoes 
spontaneous regression, resulting in a depressed and 
often depigmented scar. 


HISTOLOGY 


Histologically, there is a large, superficial, 
keratin-filled crater overlying an area of marked 
acanthosis, papillomatosis, and pseudoepi- 
theliomatous hyperplasia. A marked inflammatory 
reaction, chiefly lymphocytes, is seen in the upper 
dermis. Numerous mitotic figures may be seen in 
the epidermis, but frank anaplasia is not a 
characteristic. An orderly maturation of cells from 
the basal layer to the surface is usually present. 
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Fig. 1. (Case 1) Typical voleano-like lesion of the exter- 
nal ear concha reportedly following local trauma from a 
“sticker briar.” Note the typical rolled lateral border and 
central keratinous plug. Anaplastie squamous cell car- 
cinoma was present at its base. 


ETIOLOGY 


The etiology of keratoacanthoma remains 
nebulous, although multiple etiologic factors have 
been proposed.” 


Viral Etiology. A viral etiology was proposed by 
Ereaux et al’ after finding virus particles within the 
tumor. Later, Zelickson'* reported “virus-like par- 
ticles” visible to the electron microscope in 
keratoacanthomas, but absent in squamous cell car- 
cinoma. Attempts to experimentally produce 
keratoacanthomas by innoculating animals with 
tumor extracts have been unsuccessful.?? The oc- 
currence of the tumors in older people. the usual 
solitary lesion, and the apparent absence of reinfec- 
tion, would appear to make a viral etiology unlikely.’ 


Chemical Carcinogens. Keratoacanthomas have 
been produced by experimental application of cer- 
tain chemical carcinogens on the skin of animals. 
Ghadially et al? demonstrated production of these 
tumors by application of pitch and tar to the 
animals’ skin and felt that these tumors arose for the 
hair follicle itself. In a study of 238 keratoacan- 
thomas they also found a higher proportion of 
smokers than nonsmokers in the disease group when 
compared to a control group, 


Sunlight, Ultraviolet ravs are thought to be a fac- 
tor, since 90% of keratoacanthomas occur on the 
exposed areas of the body,’ 


Trauma. Many authors report keratoacanthomas 
arising after trauma or other skin lesions such as 
psoriasis, dermatitis, insect bites, eczema. etc. 


Genetic. Genetic factors appear to play no role in 
the solitary keratoacanthomas, However. the multi- 
+ 





vig. 2. (Case 2) Typical keratoacanthoma of the 
superior external ear helix. Its behavior was characteristic 
for kerstoacanthoma. 


ple self-healing keratoacanthomas have been 
reported to occur in various faraily members. 


It may well be that no single etiologic agent is 
totally responsible for producing these tumors, but 
rather iwo or more factors precipitate the tumor 
forraation. In animals. keratoacanthomas are not 
produced by trauma to the skin; however, after ap- 
plication of chemical carcinogens followed by 
mechanical trauma, keratoacanthomas develop.” 


CASE REPORTS 


Case E A O8-vear-old Caucasian mele presented with z pro- 
gressively growing right auricular lesion which developed fellow- 
ing trauria from a “sticker briar” two months previously (Fig. 1). 
The esios failed to improve with antibiotic therapy prescribed by 
the referring physician. An excisiona. biopsy was perfcrmed 
under local anesthesia with primary reeonstruction, Frozen sec- 
tion diagnosis was keratoacanthoma with frank anaplastic 
squemous cell carcinoma at the base of the lesion, The patieat has 
done wel without recurrence in two vears. 


Case 2 A Si-vear-old Caucasian mal- presented with the-com- 
plaint ofa right auricular lesion which had grown progressively 
larger for three months (Fig. 2). The lesion was excised ander 
loca’ anesthesia. with primary reconstraction, and pathologic ex- 
amination revealed typical keratoacarthoma. The patiert did 
well with no recurrence two years postuperatively, 


Case 2 A 47-year-old Caucasian ma e. with a history of three 
months of progressive, painless growth of a lesion on the tip-of his 
nose (Pig. 3). underwent a primary excision with reconstruction, 
Patholowe examination revealed keretoacanthoma. Two-vear 
follow-ts revealed no recurrence of the lesion. 


Case 4. A 48-vear-old farmer presented with a six-week history 
of a lesion of the middle portion of the | ower lip at the junction of 
the vernallion border and the skin (Fig. 4). It was reported to 
have appeared shortly after he cut himself in this area by shaving, 
After rapid growth for two weeks. it had remained unchan ged for 
four weeks. Biopsy of the lesion by wedge excision revealed 
keretoacanthoma, The patient did well with good cosmesis and 
no recurrence during 18 months follow-up. 
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Fig. 3. (Case 3) Lesion on nasal tip appears as a discrete 
elevated typical keratoacanthoma. Simple excision was 
curative, 


DISCUSSION 


Because of the occurrence of spontaneous regres- 
sion and the benign nature of many kera*oacan- 
thomas. some recommend conservative manage- 
ment. Treatmen: modalities which have been 
recommended include: waiting for regressior: biop- 
sv and curettage: low-dose radiotherapy: 
ervotherapy: topical application of 5-fluoreuracil: 
nitrogen mustards: steroid injection into the lesion: 
application of pocophyllin: intramuscular ineection 


of bismuth; and surgical excision.’ 


We recommend surgical excision of all sus icious 
lesions of the head and neck as the most effective 
biopsy technique and treatment for several reasons. 


First, although the keratoacanthoma ha; been 
recognized as a distinct entity with clinical and 
histological characteristics unto itself, consicerable 





Fig. 4. (Case 4) Typical volcano-like lesion involving 
vermillion border and skin edge of lower lip. A good result 
was obtained by a local wedge excision and repair. 


overlap occurs between it and squamous cell car- 
cinoma. This makes consistent differentiation dif- 
ficult, even by the most experienced clinicians and 
pathologists. 


Second, biopsy techniques which give less than 
total excision frequently lead to misdiagnosis. 
Traditionally, many dermatologists have used 
curettage of the lesion to obtain a specimen for 
histological examination. This often results in in- 
adequate specimens. Shave biopsies may give 
similar problems. Popkins et al'® advocated a 
fusiform biopsy through the center of the lesion, in- 
cluding some normal tissue in the deep and 
peripheral margins. Only through complete, exci- 
sional biopsy can consistently adequate specimens 
be obtained so as to minimize errors in diagnosis. 


Third, although keratoacanthoma does have a 
propensity for spontaneous regression, many do not 
behave in this manner. Reports exist of malignant 
transformation in previously diagnosed benign le- 
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SUBCUTANEOUS BRONCH 





IC ANOMALIES 


P. SOHOEL, MO 


P. BLOM, MD 


LW.S. MAIR, MD 


TROMSO. NORWAY 


Two cases of congenital anomalies, one cyst and one sinus, presenting in the suprasternal notch are reported. No communicatior with 
deeper structures was found at surgery, and histology was compatible with previeus descriptions of subcutaneous bronchogenic cysts. The 
literature is reviewed, and the similarity between these lesions and many cases:ef branchial fistula is stressed. 


Developmental anomalies are frequently en- 
countered in head and neck practice. In the lateral 
region of the neck, the branchial, or lateral cervi- 
cal, cysts and fistulas have a typical relationship to 
the anterior border of the sternocleidomastoid mus- 
cle,’ while in the midline the thyroglossal cysts are 
characteristically located in the vicinity of the hyoid 
bone.’ Diagnostic difficulties are greatest in the lat- 
ter region where dermoid,* parathyroid,’ and 
thymic® cysts may occur at any level from the sym- 
physis menti to the suprasternal notch. The cutane- 
ous opening in the majority of lateral cervical 
fistulas is sited a short distance above the ster- 
noclavicular joint,” but the fistula may vary con- 
siderably in length, and several recent reports have 
shown a high incidence of ectopic salivary tissue in 
the shortest tracts.” ° 

Bronchogenic cysts are believed to represent 
anomalous development from the tracheobronchial 
tree,”'° and have a predominantly pulmonary or 
mediastinal location. There are, however, a few 
reports of subcutaneous bronchogenic cysts in the 
lower, anterior part of the neck or presternal 
region. A variety of histopathological entities 
may, therefore, present as congenital cysts or 
sinuses in this area. Since there is only one report of 
subcutaneous bronchogenic cyst in the otorhino- 
laryngological literature, the following two cases 
are presented with a view to clarifying the clinical 
and microscopical features. 


CASE REPORTS 


Case 1. A ten-year-old male presented in 1977 
with a suprasternal swelling which had gradually 
increased in size since birth, but without any 
history of infection or secretion. Examination re- 
vealed a circular, soft, slightly fluctuant swelling, 2 
cm in diameter, medial to the right sternoclavicular 
joint, and freely mobile with respect to deeper 
tissue planes. The tumor was adherent to the 
overlying skin, which was otherwise unremarkable. 
There were no other congenital anomalies, and the 
family history was also negative. Chest x-ray was 


normal. A subcutaneous, thin-walled cyst contain- 
ing vellow, mucoid secretion, which proved sterile, 
was exeised with the overlying adherent skin. No 
connection to deeper structures was found, anc the 
subsequent course has been uneventful, 

Histclogy revealed a cyst wall lined by ciliated, 
columnar, pseudostratified epithelium with goblet 


cells, and a well-developed basement membrane 
(Fig. I} There were a few scattered areas of 


squameus epithelium. Small bundles of smooth 
muscle were present in the cyst wall, which other- 
wise consisted of fibrous connective tissue with only 
minima! plasma cell and lymphocyte infiltration. 
There was no evidence of either lymphoid or 
thyroid follicles, and a thorough search failed to 
reveal. either glandular elements or cartilage. 


Case 2. A four-year-old male was admitted to the 
department in 1978 with a two-month history of in- 
termittent purulent discharge from a small, 
suprasternal cutaneous orifice which had been pre- 
sent since birth. On examination, a pinpoint orifice 
was found in the midline immediately above the 
upper border of the manubrium sterni, from which 
slight amounts of mucopurulent fluid could be ex- 
pressed. Microbiological studies produced growth 
of Staphylococcus aureus. There were, however, no 
signs of infection around the cutaneous opening, 
nor could any tumor mass or fistular tract be 
palpated beneath the skin. There was no evidence 
of other developmental anomalies, and the family 
history was again negative. X-ray of the chest was 
nomal, and fistulography revealed contrast filling 
of a narrow tract, 2 cm in length. The latter finding 


was comfirmed at operation, and no connection was 


found with deeper structures. 

Histology revealed a short sinus tract connecting 
the epicermal surface with a small cystic cavity, 0.5 
cm in diameter, lined by pseudostratified, ciliated, 
columnar epithelium with numerous goblet cells 
resting on a thick basement membrane. A well- 
developed layer of smooth muscle was present, and 
numerous seromucinous glands opened into the cyst 

cavity. There was moderate infiltration of 
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Fig. 1. (Case 1) Section of cyst wall showing cyst lumen 
(L). pseudostratified columnar epithelium (E), bund.ss of 
smooth muscle (SM) and adjacent duct of seromucmous 
gland (D). (H & E, x150) 


granulocytes and lymphocytes, but neithe lym- 
phoid follicles nor cartilage were seen. 


DISCUSSION 


It is generally assumed that bronchogeni- cysts 
originate from the primitive tracheobronchial tree 
at an early stage in fetal development.” ° The cysts 
are usually thin-walled, with a mucoid ccntent, 
although air-fluid levels may be found ir cases 
which remain in communication wits the 
respiratory passages.’'°'* The overwhelming ma- 
jority of bronchogenic cysts have a pulmonary or 
mediastinal location.?'* Histologically simi ar le- 
sions have also been described in the pancreas * at 
the thoracic inlet,’ and subcutaneously, ia ‘par- 
ticular in the presternal region." The histo ogical 
criteria for establishing the diagnosis of an ectopic 
bronchogenic cyst have been the presence .n the 
cyst wall of one or more of the tissue elemen s nor- 
mally found in the tracheobronchial tree,‘ © the 
eyst cavity being usually lined by pseudostrazified, 
columnar, ciliated epithelium of typical respiratory 
type, while smooth muscle, cartilage, glaadular 
elements and elastic fibers may be found n the 
subepithelial connective tissue. 


A subcutaneous location of presumed bron- 
chogenic cysts has been infrequently described in 
the literature. Most reports have been of single 
cases, 144 although Fraga et al? were able to 


trace 30 patients in the files of the Armed Forces In- 
stitute of Pathology. In 25 of the latter, the cyst 
presented in the region of the suprasternal notch or 
anterior to the manubrium sterni,” this also being 
the location in the other reports, and in both of our 
cases. These cysts are believed to arise by anterior 
budding or sequestration from the tracheobronchial 
tree, thereafter being displaced superficially by 
subsequent fusion of the sternal bars." Com- 
munication with deeper structures has only occa- 
sionally been demonstrated. Gessendorfer'® describ- 
ed a subcutaneous bronchogenic cyst in the lower 

posterior triangle of the neck, w hich was connected 
to the first rib by a tract extending through a defect 

in the clavicle, while only one cyst from the series of 
Fraga et al’? had a prolongation extending into the 
mediastinum, All other cases have had a superficial 
location. 


Diagnosis of subcutaneous or ectopic bron- 
chogenic cysts is entirely dependent on the 
histological features, other characteristics such as 
the predominantly presternal location and the 
preponderance in males ' providing only ancillary 
information. It is, however, exceptional that bron- 
chogenic cysts present all the histological features 
considered diagnostic of this lesion.'?"'* Of the 34 
cases of subcutaneous bronchogenic cysts reported 
in the literature, only 5 have contained cartilage, 
smooth muscle was present in 25, while all cysts 
were totally or partially lined by pseudostratified, 
columnar, ciliated epithelium with goblet cells. 
Areas of cuboidal or squamous epithelium are not 
uncommon, especially in association with 
infection,'? and either mucous or seromucous 
glands are usually present. "3 A slight-to- 
moderate, round-cell infiltation is frequently 
found, although follicular formation is rare.” 


The lower, anterior part of the neck and the 
suprasternal area constitute a site of predilection for 
congenital, developmental anomalies, both cervical 
auricles and cartilaginous rests, and the cutaneous 
orifices of lateral cervical or branchial fistulas being 
situated in this region.'* The majority of the 
reported cases of subcutaneous bronchogenic cysts 
have also been noted at or shortly after birth, this 
again being a feature of our two patients. We have 
recently reviewed the literature on ectopic salivary 
cervical tissue, and reported a series of 24 branchial 
fistulas with typical location at the lower, anterior 
border of the sternocleidomastoid muscle: 10 con- 
tained salivary tissue, while in 5 of these the lesion 
consisted of a salivary gland, 1-2 cm in length.*® This 
evidence would tend to refute the contention of 
Fraga et al”? that the presence of seromucous glands 
helps to differentiate bronchogenic cysts from the 
more common branchial lesions. The characteristics 
of the lining epithelium are also of little help in this 
differential diagnosis since lateral cervical fistulas 
are also frequently lined by typical respiratory 


epithelium.?’ 
’ 
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The presence of smooth muscle has been regarded 
as an important diagnostic finding,'?’? although 
Sulicka’’ has described both smooth and striated 
muscle fiber bundles in a case of cervical fistula 
which extended from the lower border of the ster- 
nocleidomastoid muscle up to the level of the 
digastric muscle. There are also two reports of 
supra- and presternal cysts which contained abun- 
dant salivary glandular tissue and smooth muscle 
fibers.’'* Prominent lymphoid tissue is not a feature 
of the reported cases of the subcutaneous bron- 
chogenic cysts, nor of the majority of the in- 


complete lateral cervical, or branchial, fistulas?’ 


We therefore feel that there is still a degree of 
uncertainty regarding the precise embryological: 
origin cf presumed bronchogenic cysts situated sub- 
cutanecusly in the region of the suprasternal notch 
and manubrium, and would stress that both the lat- 
ter and branchial fistulas have many histological 
features in common. Differentiation from other 
cystic lesions which may present in this region, such 
as epidermoid, dermoid, thyroglossal, parathyroid 
and thymus cysts, should, however, present‘ little 
difficulty to the pathologist. 
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ASYMPTOMATIC NASAL SEPTAL PERFORATIONS IN SYSTEMIC 
LUPUS ERYTHEMATOSUS 
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Nasal septal perforation has been considered a diagnostic criterion for systemic lupus erythematosus since 1971. However, little has 
been published in the otorhinolaryngologic literature regarding this lesion. We report six patients having asymptomatic anteroinferior 
nasal septal perforations and symptomatic lupus. No obvious clinical correlates were found. We support the hypothesis that nasal septal 
perforation in systemie lupus erythematosus is a commen phenomenon, and attribute its infrequent detection to the asymptomatic nature 


of the lesion in this setting. 


INTRODUCTION 


The association between systemic lupus 
erythematosus (LE) and nasal septal perforation 
has been noted :n seven reports in the combined 
medical and surgical literature in the past 15 
years.” Location of the perforation has been con- 
stant in all series, the site being anterior and:inferior 
in the cartilaginous septum. A total of 17 9atients 
are described in detail, and an additional patient is 
found in a series of case studies of closure of nasal 


septal perforations with Silastic’ buttons.” 


The only report of a series of such patients in the 
recent otorhinolaryngologic literature’ describes an 
experience significantly different from our own. 
We, therefore, report six of our patients vith this 
problem. None of our patients had any clinical 
manifestation of nasal septal perforation. Other 
causes for the lesion were ruled out by history and 
examination, including prior nasal surgery, 
trauma, drug abuse via intranasal administration, 
syphilis, and tuberculosis. 


CASE REPORTS 

Case I. A 35-year-old Caucasian female 
presented in 1969 in hypertensive crisis, and was 
discovered to have systemic LE based on firclings of 
pericarditis, thrombocytopenia, nondeforrsing ar- 
thritis, nephritis. a positive antinuclear aatibody 
(ANA), a biologic, false-positive serologic test for 
syphilis, and a circulating anticoagulant. 
Otolaryngologic examination was initially normal. 
Her subsequent course included a mitral valve 
replacement in 1971 for severe mitral stenosis with 
chronic congestive heart failure, and slovly pro- 
gressive renal failure. An asymptomatic nasal septal 
perforation was found on examination in 1974, and 
persisted without symptoms until her death in 1975. 


Case 2. This 16-year-old Caucasian female has 
had active systemic LE since June 1976, with 
manifestations including butterfly facial rash, 
fever, pleuritis, oral ulcerations, frontal alopecia, 
arthralgia, and myalgia. Laboratory findings in- 
cluded anemia, leukopenia, positive LE prepara- 
tion, positive ANA, and biologic, false-positive 
serologic test for syphilis. An early nasal septal per- 
foration was suspected in November 1976 because 
of a small area of persistent crusting. This 
developed into a low, anterior perforation about 15 
mm across by the next examination in January 
1977. The patient has reported no nasal symptoms. 


Case 3. This 51-year-old female presented in 1971 
with anemia, nephritis, and a fever of unknown 
origin. Three years prior to that admission, she had 
been treated with adrenocorticosteroids for poly- 
arthritis. A renal biopsy taken two months prior to 
admission revealed focal glomerulonephritis. Lupus 
erythematosus cell preparations and ANA deter- 
minations were negative on multiple occasions until 
December 1976, when the latter became positive. 
At that time, she was hospitalized for an acute left 
hemispheric cerebrovascular accident. A nasal sep- 
tal perforation was first noted in January 1975. No 
nasal symptoms were elicited in her history, and 
none developed. 


Case 4. This patient presented and died at age 38 
in December 1974 after a 17-year course of systemic 
LE. The manifestations of lupus included nonde- 
forming polyarthritis, typical skin rash, fevers, 
Raynaud’s phenomenon, photosensitivity, diffuse 
proliferative glomerulonephritis, leukopenia, 
positive LE cell preparation, and positive ANA 
determination. Terminally, disseminated intra- 
vascular coagulation supervened, resulting in 
cerebral and myocardial infarctions and adrenal 
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hemorrhage. A nasal septal perforation was present 
and asymptomatic until her death. 

Case 5. A 2l-year-old Negro female died as a 
result of a myocardial infarction in March 1976, 
after a nine-year course of systemic LE. Her disease 
was manifested by butterfly facial rash, alopecia, 
oral ulcerations, nephritis, arthritis, serositis, 
seizures, Raynaud’s phenomenon, severe leg ulcers, 
positive LE cell preparations, and positive ANA 
determinations. Her nasal septal perforation was 
first noted in September 1970, and remained 
asymptomatic until her death. 


Case 6. A 36-year-old Negro female presented in 
April 1974 with phlebitis, and was noted to have 
discoid skin lesions, alopecia, leukopenia, and a 
positive ANA determination. No nasal septal per- 
foration was noted upon repeated, careful examina- 
tion until November 1974, at which time an asymp- 
tomatic lesion was found. No nasal symptoms have 
developed over the subsequent follow-up period, 
despite chronic anticoagulation for deep venous 
thromboses. 


Unfortunately, no postmortem tissue was ob- 
tained from the nasal septa of the deceased patients. 


DISCUSSION 


Each of the authors reporting lupus-associated 
septal perforation offers his or her own hypothesis 
as to the etiology, implication(s), and prognosis of 
the problem. Ischemia has been thought to precede 
perforation,’ but no histopathologic evidence exists 
to support this hypothesis. An increased incidence 
of Raynaud’s phenomenon has been observed in two 
series, with 44% and 92% being reported and com- 
pared with an estimated 20% incidence in lupus pa- 
tients overall. This has led to speculation that local 
vasospasm, with resultant ischemia, precedes 
ulceration and perforation. (Only two of our six pa- 
tients demonstrated Raynaud's phenomenon.) 
Other etiologies proposed by various authors in- 
clude increased tendency toward infection because 
of adrenocorticosteroid administration.’ increased 
blood viscosity, and immune complex deposition.‘ 


Biopsies from the rims of perforations in seven 
lupus patients showed no evidence of vasculitis, im- 
munoglobulin deposition, or other consistent 
pathologic features. Immunofluorescent staining 
was also unremarkable.’ Six additional biopsies of 
septal mucosa and cartilage adjacent to perfora- 
tions in lupus patients revealed nongranulomatous, 
chronic, inflammatory change with minimal 
vasculitis. However, vascular endothelial prolifera- 
tive changes were interpreted as suggestive of a 
local ischemic reaction. Fluorescent antigamma 
globulin staining failed to show vascular suben- 
dothelial immune complex deposition.‘ 


Although perforation of the nasal septum in 
systemic LE has been reported as rare? our ex- 


perience supports the hypothesis of Vachtenhaim 


publication of the preliminary criteria for, the 
classification of the disease in 1971. 

Oar experience does not include nasal septal per- 
forations in patients with collagen vascular diseases 
other than systemic lupus. However, the literature 
does describe a few patients with rheumatoid arth- 
ritis, psoriatic arthritis, and scleroderma, in whom 
septal perforations were found.” The number of 
such patients must be less than the prevalence in 
lupus patients, which, we suspect, may be as high 
as 3 to 5%, 


Aithough 11 of 12 patients with nasal septal per- 
forations and various rheumatic diseases, of which 3 
were systemic LE, were unaware of their perfera- 
tions, 8 did report epistaxis at some time prior to the 
interview (the temporal relationships between epi- 
staxis and the onset of symptoms of rheumatic dis- 
ease were not reported).” Epistaxis was reported in 
all nine patients presented by Snyder et al,' as were 
nasal obstruction, foul-smelling crusts, and muco- 
purulent rhinorrhea. Only 1 of 1,162 lupus patients 
surveyed by DuBois’! reported epistaxis as an early 
symptom, 


Management of the lesion has not been discussed 
in the literature. Surgical closure of large nasal sep- 
tal perforations is difficult, even in otherwise 
healthy patients. Although no histologic evidence of 
microvascular disease has been found, local 
ischemia is felt to be an important factor in procuc- 
ing the lesion. This would suggest that local tissue 
flaps are not a good way to manage the problem. 
Experience is growing with the use of Silastic but- 
tons-to close nasal septal perforations,® and this may 
be an appropriate way to manage those few patients 
with lupus whose septal perforations cause symp- 
toms. Measures to prevent symptoms from develop- 
ing would include use of a humidifying agent in fre- 
quently visited environments such as home and of- 
fice, and spray application of camphorated or men- 
tholatec light mineral oil, to minimize crusting. 


Ail six of our reported patients had asymptomatic 
nasa! septal perforations, found only on careful 
clinical examination. No patient was aware of any 
nasa: problem, and other causes for the perforations 
were ruled out by history and examination. It has, 
therefore, been our experience that patients with 
systemic LE seem to develop far fewer symptoms 
referable to nasal septal perforations than do pa- 
tients with perforations from other causes. 
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Kartagener’s syndrome has been found to be associated with the immotiie cila svndrome (lack of dvnein arms and defective radial 
spokes in cilia). The ultrastructure of cilia of a child with Kartagener's syndroni-was examined and found to be within normal limits. The 


implications of this are discussed. 


INTRODUCTION 


Kartagener’s syndrome is a genetic abnormality 
consisting of situs inversus, chronic sinusitis, and 
bronchiectasis. Recently, it has been reported that 
there is also a defect in the ultrastructure of the up- 
per and lower respiratory tract cilia consisting of a 
lack of dynein within the axonemal arms and defec- 
tive radial spokes which are thought to be vital for 
normal ciliary movement and function.'~® A child 
with documented Kartagener’s syndrome had an ul- 
trastructure examination of his nasal cilia and no 
abnormality of the dynein within the axonemal 
arms or radial spokes could be demonstrated. * tf 


CASE REPORT 


The patient is a 32-month-old Pueblo Indian 
male who was the 2,730 gm product of an uncom- 
plicated pregnancy, labor and delivery to a 16-year- 
old, gravida 1, para 1, female. Dextrocardia was 
noted at birth on physical examination, but the pa- 
tient had no medical problems until age five 
months, when he developed otitis media and lobar 
pneumonia which required hospitalization and re- 
sponded to antibiotic therapy. Since that time, he 
has had recurrent lobar pneumonias, three of which 
have required hospitalization. No specific bacteria, 
viral, or fungal etiologic agent has been isolated and 
the pneumonias have responded to antibiotics. He 
has also had recurrent purulent nasal discharge. 
There is no family history of recurrent pneumonias 
or of any children dying in infancy. There are no 
other siblings. 


Physical examination revealed a well-developed, 
well-nourished male with a height of 93.7 em and a 
weight of 13.7 kg. Examination of the head and 


“Sturgess J: Personal communication. 


tSatir P: Personal communication. 





Fig. 1. Chest x-ray demonstrating dextrocardia and situs 
inversus. 


noted and no increased anterior-posterior chest 
diameter. On auscultation there were no rales, 
Wheezes or rhonchi heard. No digital clubbing was 
noted. Examination of the cardiovascular system 
shosvec the point of maximal impulse to be in the 
fifti» intercostal space on the right. No murmurs 
were heard. Abdominal examination revealed the 
liver to be palpable on the left and nc spleen could 
be palpated. No other abnormalities were noted. 
Laboratary values were as follows: WBC 13,700 
mm` with a normal differential; immunoglobins, 
IgA 105 mg/dl; IgG 860 mg/dl; IgM $0 mg/dl: IgE 
10 units/ml; and complement compenents C, 150 
units; ©, 2.4 units: and total hemolytie complement 
of 38 units. The patient had normal numbers of 
peripheral T and B cells, normal nitroblue 
tetrazclium dye reduction, normal neutrophil and 
monecyte chemotaxis and chemiluminescence. Ra- 
diographic examination of the chest showed dex- 
trocareia, situs inversus and increased lung mark- 
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Fig. 2. Cross-section of nasal cilia. Note the presence of 
dynein arms indicated by the arrow. (x168,000) 


ings in both lower lobes compatible with brenchiec- 
tases (Fig. 1). S:nus radiograph showed bilateral 
opacification of the maxillary sinuses compatible 
with chronic sinusitis. 


Bronchoscopy was performed under general 
anesthesia utilizing a 5 mm Storz bronchoscope. 
There was diffuse tracheobronchitis, and bron- 
chopulmonary segmentation was an exact mirror 
image of normal. Bronchial cultures for virus and 





Fig. 3. Cross-section of several nasal cilia show normal 
placement of the central tubules. (x100,000) 


fungus were negative and bacterial cultures vielded 
a moderate growth of Haemophilus species and few 
beta hemolytic streptococcus, group A. Nasa! biop- 
sy was performed while the patient was under gen- 
eral anesthesia. 


METHODS 


Material for ultrastructure examination was obtained from the 





Fig 4. Longitudinal section of a single cilium. Arrow 
notes constant midline placement of the central tubules 
throughout the length of the cilia. (x42,000) 


inferior turbinate of the child under general anesthesia. It was 
fixed in glutaraldehyde for 24 hours. After rinsing in cacodylate 
buffer, the biopsy was fixed for one hour in 1% osmium tetraox- 
ide, and block stained in uranyl acetate for three hours and then 
dehydrated in graded series of alcohol. The biopsy was embedded 
in Epon® 812. Silver to grey thin sections were cut on an ultra- 
microtome and stained with uranyl acetate and lead citrate, and 
photographed on a Hitachi 11-B electron microscope.’ Anterior 
biopsies of the inferior turbinate will not vield cilia. The biopsy 
must be posterior to the anterior third of the inferior turbinate in 
order to-get cilia specimen for ultrastructure study. 


RESULTS 


Figure 2 shows a representative ultrastructure of 
the patients nasal cilia with a magnification of 
168,000. The complete dynein arms are clearly seen 
on all of the A fibers of the cilia. In Figure 3 a group 
of cilia are presented in which the central tubules 
show no evidence of eccentric placement, thus in- 
dicating normal radial spokes. An additional obser- 
vation, though not reported,* is that eccentricity of 
the central tubules may be observed at some levels 
in the cilia, but not others. In a longitudinal] section 
(Fig. 4) the central tubules can be seen to traverse 
the entire length of the cilia normally. 


*Sturgess J; Personal communication. 
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DISCUSSION 


The immotile cilia syndrome has been adequately 
documented'** in adults and children. The basic 
defect found has been a lack of dynein arms on the 
A fibers of respiratory and sperm cilia. There have 
been additional findings of cilia with defective 
radial spokes.* The previous reports*®’> have implied 
that immotile cilia syndrome may be an integral 
part of Kartagener's syndrome. In our pediatric pa- 
tient, these ultrastructural defects of cilia could not 
be documented. Because of the child’s age, ciliary 
function studies could not be properly done, so that 
even though there appears to be no ultrastructure 
abnormalities of the cilia, the functional status 
could not be evaluated. 


This inability to document the dynein and radial 


spoke abnormalities in a child with Kartagener’s 
syncrome raised four points. 1)The ultrastructural 
abnermalities as previously reported are not always 
a camponent of Kartagener’s syndrome. 2) A 
change im the ultrastructure of the cilia of a patient 
with Kartagener’s syndrome may occur from child- 
hoog to: adulthood. 3) If there is a genetic compo- 
nent of the ciliary abnormality, it may have 
variable expression. 4) This observaion may reflect 
a ciliary abnormality which cannot be detected by 
ultrastructure means.* Only time and additional 
docementation of ciliary abnormalities will resolve 
these peimts. Until that information is available, it 
should be recognized that, at least in young 
children. Kartagener’s syndrome is not necessarily 
associate d with cilia ultrastructure abnormalities. 





“Starzess J: Personal communication. 
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OTORHINOLARYNG DLOGY 
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Ld 


The present status of the expanding specialty of Otorhinolaryngology is discassed. Some of the intradisciplirary preblems which are 
developing as a result of growth and expansion of the specialty are reviewed and some solutions are suggested. 


It was a long time ago when I first met Louis H. 
Clerf, the honored guest of this occasion. Before | 
met him, I knew of his great contributions to en- 
doseopy which had been recognized bv all the pro- 
fessional world, and indeed his name had become 
almost a household word in endoscopy. The ocea- 
sion of our meeting hardly suggested to me that 
someday I would be invited to give this oration 
dedicated to celebrate his accomplishments and to 
recall once again our respect and affection for him. 
You see, I had just been informed that Dr. Clerf 
had been assigned the task of examining me for the 
American Board of Otolaryngology. Years later I 
was to sit with Dr. Clerf on that same board and 
have the opportunity to enjoy his rare wit and to 
learn to respect his great wisdom and to develop the 
same deep affection for him which all his friends 
have felt. I am indeed grateful as well as honored to 
have been selected to present this, the first Louis H, 
Clerf Lecture. 


Some years ago in this citv I had the occasion to 
discuss the problems that would arise in Otolaryn- 
gology as the Federal government increased its 
regulation of American medicine. Today I have 
been asked to talk about the present state of 
Otolaryngology and review some of the intradis- 
ciplinary problems that seem to be developing as 
the result of our growth and expansion. In such a 
presentation it is impossible to avoid covering some 
of the material previously presented because it 
bears directly upon our present problems. 


Today the specialty of Otorhinolarvngology ap- 
pears healthy and strong. Including our trainees 
there are more than 6,000 otorhinolarvngologists 
providing patient care for a population of 
219,000,000 people - which makes 2.7 otorhinolar- 
vngologists per 100,000 population. There are 106 
approved training programs turning out approx- 
imately 275 board certified otolaryngologists each 
year. These young physicians, after they complete 
their training, may enter medical centers, go into 


the mi itary medical service, or go into the general 
practice of otolaryngology. Some of the general 
otalarengologists practice in large cities where they 
usua.l® maintain some medical school affiliation 
while «thers go into the smaller cities or rural areas 
where they do solo or small group practice and be- 
come .ifiliated with the local hospital. Those oto- 
larvngxogists entering the large urban medical 
center and the university hospitals usually are in- 
terested in restricting their work to some particular 
facet cf otolaryngology such as neuroctology, major 
ear surgery, otolaryngic allergy, head and neck 
surger’, or maxillofacial plastic surgery. Those 
otelar-ngologists in the smaller cities and rural 
areas Emit their practice to more common ear, nose 
and throat conditions and refer the more rare and 
compl eated problems to the urban medical centers. 


The average otolaryngologist will have some 420 
patiers visits per month (Table 1), work in the 
operating room 51 hours per month, and spend an 
additional 39 hours per month for teaching, com- 
munity medical activities, and office administra- 
tion. Those in academia spend more time in sur- 
gery, n teaching and/or research, and see fewer pa- 
tients than those in general practice. Both types 
spend almost a month a year attending medical 
meetiags and either giving or receiving continuing 
educacion. 


___BY SOURCE OF 











Private Practice 440) 
Academic Full Time 190 
Geographic Full Time 290 
Military 380 
Other 330 
All ORLs 440 
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Appropriation $21.387 $41.487 $88.099 $106.979 $142.498 $212,365 

C.D.% of Obligations* 6.8 10.1 10.9 13.1 13.5 16.2 

C.D.Research and B 
Training Awards 1.313 3.770 8.911 11.751 17.621 30.696 


i Communicative Disorders Expenditures 
Research Grants 


Number (58) (107) (186) (182) (156) (283) 

Amount 850 1.965 5.208 7.201 12.575 25.893 

Contracts N.A. N.A. N.A. N.A. (1.443) (2.100) 
Individual Fellowships 

Number 0 (18) (20) (33) (47) 

Amount 0 014 .452 2.657 614 768 
Institutional Fellowships (Training Grants) 

Number (17) (31) (59) (64) (40) (17) 

Amount 0.393 1.301 2.814 1,827 2.468 1.195 


*Includes Intramura. and Overhead. 
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of four areas of major interest: residency training 
programs are under the mediation of the Society of 
University Otolarvngologists, the American Board 
of Otolaryngology (Board), and the Residency 
Review Committee. Continuing education and in- 
training examinations are the responsibility of the 
American Academy of Otolaryngology. The senior 
societies furnish the forum where clinical anc basic 
research is reported and debated. The American 
Council of Otolaryngology acts as a national infor- 
mation center for otolaryngologists, government 
agencies, the American Medical Association (AMA), 
and the Congress cf the United States. It also runs a 
placement bureau to assist otolaryngologists in find- 
ing the type of practice they wish to enter. In addi- 
tion it acts as our Washington “watchdog” monitor- 
ing medical bills being introduced in Congress, the 
activities of Federal bureaus and health agencies, 
and raising the alarm when it notes activities 
adverse to the specialty. 


In the past 15 vears, ten new training programs 
have been started and a number of divisions of 
otolaryngology have been promoted to department 
status. Our continued expansion in research in this 
specialty can well be measured by a review of the 
yearly support granted by the National Institute of 
Neurological and Communicative Disorders and 
Stroke (NINCDS). While a number of research pro- 
jects are supportec. by other national institutes of 
health or by philanthropic foundations, through the 
years it has been NINCDS that has furnished at 
least three-quarters of all the outside support for 
our training and research programs. In 1958 the 
first year of collaboration between the Institute and 
otolaryngology, the specialty was the recipient of 
$1,313,000 which represented 6.8% of the Insti- 
tute’s total appropriation (Table 2). These funds 
were for the support of training and research pro- 
grams in the specialty. For 1979, the figure has 
grown to $30,696,000 and now represents 16.2% 





0 of 
the Institute’s total expenditure for such support 


(Table 2). In 1958, fifty-eight research grants were 
made amounting to $850,000. In 1979 there will be 
283 research awards amounting to $25,893,000. In 
1958, there were 17 training program grants of 
$396,000 (Table 2). In 1979 there will be 17 train- 
ing program grants amounting to $1,195,000; and 
in addition there will be 47 individual research 
fellowship grants of $768,000 (Table 2). There were 
no such fellowships available in 1958. More than 
100 otolaryngologists and PhDs are today involved 
primarily in research projects and they are ably 
assisted by research fellows and resident trainees. 


For such an impressive record of expansion in our 
training and research programs and with the im- 
proved organization of the specialty, it would seem 
surprising that grave questions should arise about 
our future. Such is the case, however, and for the 
record, doubts were first expressed concerning our 
future role as early as 1972 in a meeting of the 
Board. There has been quiet debate on this subject 
continuously since 1974. However, it was an article 
in the December 1978, Archives of Otolaryngology’ 
that brought some of our concerns into focus when 
it raised a number of questions about our specialty’s 
position in medicine and suggested that the decrease 
in the number of tonsillectomies and adenoidec- 
tomies (T & A) performed in this country had 
resulted in such a shrinkage of work load for 
otolaryngologists that they were now in oversupply. 
A news release from the AMA two weeks later 
quoted one of the author’s of the Archives article as 
follows: “There is already not enough demand for 
these specialists to keep them fully occupied and no 
new ones are needed for some years.” A release from 
Washington two months later further embellished 
the idea that as the number of T & As shrank so 
would shrink Otolaryngology as a specialty. Fur- 
ther questions were raised in an editorial in the Ar- 
chives of Otolaryngology two months later by Dr. 
Harold Schuknecht? who revived many of the ques- 
tions and ideas that were discussed before the Board 
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TABLE 3. PERCENT OF RESPONDENTS EXPRESSING A 
NEED FOR ADDITIONAL OTOLARYNGOLOGISTS BY 
SIZE OF PRACTICE AREA 
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in 1972. In his editorial he stated that he had con- 
cluded that there should be a thorough review of 
our training programs with the objective of making 
necessary changes in them to better support the 
present position of otolaryngology. To meet some of 
the rising criticism the Board recently recommend- 
ed that the minimum length of all otolaryngology 
training programs should be increased from four to 
five years. That recommendation did not, however, 
spell out exactly how the extra vear should be uti- 
lized. In the April 1979 American Laryngological 
Society meeting in Los Angeles, Dr. Walter Work in 
the Daniel Baker Lecture’ devoted much time to the 
discussion of the possible conflicts that might 
develop with the other specialties as a result of our 
growing activities in neurology, allergy, plastic, 
and head and neck surgery. He thought we might 
be challenged in these areas because of the type of 
training we offered and urged a review of these pro- 
grams. Dr. John Daly joined the chorus in his Presi- 
dential address before the American Laryngological 
Association,* and he was followed by Dr. Shirley 
Baron who alluded to the problem of training in his 
guest-of-honor speech before the Triological Soci- 
ety.° They all expressed the concern that the train- 
ing programs might not be on target. 


With such a ferment, there must be problems 
that we should look into and try to make adjust- 
ments to rectify them. The allegations that there is a 
shrinking demand for otolaryngology services and 
an oversupply of ctolaryngologists as a result of the 
reduced number of T & As performed in the coun- 
try can hardly be taken seriously when one realizes 
that all the time that the T & A rate has been fall- 
ing, the national demand for otolaryngology ser- 
vices, as determined by government surveys (Fig. 
1), has been climbing at the rate of better than 10% 
per year. Even if the T & A operation should be 
completely abandoned, which is highly unlikely, it 
would result in no great hardship because the 
average otolaryngologist devotes only about 6% of 


his tetal professional time to the care of all of his T 
& As. Asecond survey shows the increased demand 
for ctelaryngology care another way. This reviews 
the demand based on community needs and the 
need of >-olaryngologists for additional help in their 
practice. From such statistics ore could hardly pic- 
ture our specialty as a dying one. 


The real cause of all this ferment results from the 
fact thac Otolaryngology is a changing specialty. It 
has uncergone more changes since World War II 
than anv of the other surgical specialties. One might 
even sa” that it has undergone resurrection as well 
as caanz>, Before antibiotics were developed, there 
were n=re than 3.5 otolaryngalogists per 100,000 
population (Fig. 2); by 1963 that figure had 
dropped to less than 2.5 otolaryngologists per 
100-000 population. In 1954 candidates for the 
Board examination had fallen te 48 young otolaryn- 
gologists. 


The pesurrection of Otolaryngology began in 
1955 arc I refer again to the decision by Congress to 
have N KCDS give support to Otolaryngology. This 
was accomplished by setting up a new division in 
the Intute and by the appointment of special 
commi tees of practicing otolaryngologists to re- 
view acplications for grants for training and/or 
researcx, and to recommend awards based on the 
excelleace of the proposal. These committees had a 
strong rfluence on the reorientation of our training 
prograys, Between 1958 and 1964 most of the ma- 
jor traning programs were reviewed and vastly 
changez. The basic sciences were introduced into 
the pregrams, and research training was organized. 
The pzthology of otolaryngology was taught and 
one or “vo years of surgical experience was added to 
the cumiculum. Along with additional surgery, op- 
tional zpportunities were offered which included 
limitec experience in head and neck, and maxillo- 
facial :argery. Otology was broadened to include 
instruct.on in Neurology. It was indeed a time of 


began <9 include these new areas of training in their 
examination procedures. 


“ol-cwing the reorganization of the training pro- 
grams and the strengthening cf the research effort, 
especialy that research directed toward the pathol- 
ogy aid physiology of otorhinolaryngology, there 
Was æ datural expansion of interest into problems 
relate] to our field which had previously by default 
been tken over by other disciplines. I refer to such 
areas as otoneurology, allergy of the upper re- 
spiratocy tract, rhinoplastic surgery, maxillofacial 
surgery, and surgery of the larynx and neck. It has 
been a-gued, and with justification, that with the 
new basic training otolaryngologists now undergo 
in the »hysiology and pathology of their discipline, 
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Fig. 1. Per capita utilization of the otolarynglogist 1966-1973, and projections of demand for otolaryngology services 1973-1985. 


and with the m.crosurgical techniques that they 
have developed, they are ideally equipped to make 
significant contributions to these interdisciplinary 
areas: contributions which could not be m ade by 
those trained only in the fields of surgery, 
neurology, or allergy. The gradual inclusion of 
some of these areas in our specialty has resulted in 
an expanding need for more experience in general 
surgery, surgical pathology, radiation therapy, 
anesthesiology, neurology, and allergy for those 
trainees wishing to compete in these new inter- 
disciplinary fields. 


This expansion of interests has resulted in the 
development of the so-called superspecialist in oto- 
rhinolarvngology. He is the trainee who decides to 
devote his talents to a single branch of otelaryn- 
gology such as head and neck surgery, allergy, or 
otology. There is a real need for such superspe- 
cialists. The ophthalmologists years ago recognized 
this and began to develop specialists in transplant 
surgery, retinal surgery, and muscle surgery. Such 
ophthalmic superspecialists are recognized by their 
confreres and supported by their referrals. The field 
of superspecialization is distinctly limited, and to 
deserve such a rating, the candidate should devote 
extra years to training and working in other cepart- 
ments also involved in his special field of interest. 
For the otolaryngologist, if he is to improve patient 
care, such training must match or surpass that pro- 
vided by the training programs in the competing 
disciplines. 


Two questions ave raised as a result of our new in- 
volvements and must be answered if we are to re- 
us the IE of a Pin are our 


dividuals capable of successful competition in pa- 
tient care and research with those surgically trained 
specialists in head and neck, and maxillofacial sur- 
gery or the medically trained allergists? 


The raison ď'etre of medical training is to provide 
the best possible medical care for mankind at the 
most moderate cost compatible with excellence. In 
our specialty the best solution would appear to be 
twofold: First, to prepare a sufficient supply of 
competent otolary ngologists for the routine care of 
ear. nose, and throat disorders occurring in all 
levels of the population throughout the country. 
Second, to provide an adequate number of highly 
trained specialized otolaryngologists (superspecial- 
ists) to care for the more infrequent and more com- 
plicated problems which require special facilities, 
multidisciplinary experience, and special skills in 
surgery or medicine. These specially trained doctors 
should also be prepared to man the teaching pro- 
grams and organize research. 


In the first instance our concern should be to have 
all young otolaryngologists trained in the basic 
sciences and in the use of modern diagnostic tech- 
niques. They must have clinical experience in the 
broad field of otolaryngology. They must be able to 
treat and to perform the required surgery for the 
common ear, nose. and throat problems. They must 
also be competent in laryngoscopy and in foreign 
body removal. Their experience in the highly spe- 
cialized surgery of head, neck and ear should be to 
provide the patient with the most competent care 
available and to preserve such scarce material for 
the training of the superspecialist. The general 
otolaryngologist should also receive some training 
in how to organize and to operate an office, employ 
paramedical personnel advantageously, and they 
should have experience in how to manage commun- 
ity health projects such as conservation of hearing 
clinics. This training could be acquired in three to 
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Fig. 2. Otorhinolaryngologists per 100,000 population 
1950-1972. (Sources: Dickinson FG. Distribution of 
medical school alumni in the U.S. as of April, 1950. Sup- 
plement to Bulletin 101. Chicago: American Medical 
Association, 1952: and American Medical Association. 
Distribution of physicians in the U.S. 1963-1972. Chicago: 
American Medical Association Annual Publications, 
1967-1973). 


four years, which would be one or two years less 
than the training presently required by the Board. 
Such a specialist will be the principal source of 
referrals to the superspecialist, and will furnish the 
patients with medical and surgical problems which 
are in short supply in our teaching programs. This 
specialist must have available to him the most up- 
to-date courses of continuing education. The wide 
distribution of these specialists is of great impor- 
tance and special incentives should be provided to 
recruit them for practice in the rural areas and in 
the poorer urban centers where presently such pa- 
tient care is seriously lacking, as well as in the towns 
and cities where they now provide adequate otolar- 
yngological services (Table 4). 


The suggestion that the general medical practi- 
tioner or primary physician should be given three to 
six months of otolaryngological training and then be 
considered competent to provide all the otolaryngo- 
logical care for the population that is needed out- 
side the great medical centers, thus replacing the 
general otolaryngologist, is impractical and it will 
not succeed. And, to require that all physicians 
trained in otolaryngology be limited to the medical 
centers acting only as superspecialists would be 
wrong because it would deny the people of this 
country the superior service of this highly trained 
doctor. Primary care physicians by definition are 


TABLE-4. PERCENT DISTRIBUTION OF ORLs BY SIZE OF 
PRACTICE AREA 
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poorly prepared to take care of the problems of 
hearing and will be without proper experience to 
aliow them to perform even the simplest otolaryn- 
gologic surgery. In an article in the March 1979, 
issue of the Bulletin of the American College of 
Surgeons, Dr. W. P. Longmire,® in discussing the 
propesal that the primary physician be permitted to 
perform surgery states: “All who have attempted to 
design national guidelines (for the primary physi- 
cian) have used terminology and statements that 
can be readily manipulated, not necessarily for the 
welfare of the patient but, possible to excuse that 
physieian for engaging in proceedings for which he 
has net been appropriately trained.” Dr. Longmire 
states further that “to acquire the technical profi- 
ciency required to perform even simple surgical 
procedures will mean assigning a totally inappro- 
priate portion of that short period of this training to 
the operating room.” Dr. M. M. Ravich’ is even 
more emphatic. In an editorial in the April 1978, 
issue of Surgical Rounds, when he discussed the 
Primary Physician Board approval of surgery per- 
formed by the primary physician, he stated, “Pres- 
sure steadily mounts for acceptance of the perfor- 
mance of operations by family or general physicians 
under the auspices of an organization and a board 
that make a specialty of not being trained in a 
specialty.” 





The second problem, that is the training of the 
superspecialist, will require more time than that 
devoted to the general otolaryngologist and can be 
carried out satisfactorily only as a truly inter- 
disciplinary effort. It should include as a founda- 
tion the basic or core training required of the 
general otolaryngologist; the candidate for super- 
training should be selected from applicants who 
have completed such core training and who have 
showa special aptitude in the area of the special 
training that they seek. As has been said before, the 
demands for such services will be less than those of 
the general otolaryngologist; such superspecialists 
will eomprise perhaps only 10% of the otolaryn- 
geology manpower pool. Those trainees entering 
superspecialization in the surgical fields of 
Otolaryngology will require additional surgical ex- 
perieace in general or plastic surgery, surgical 
pathology, radiation therapy, biostatistics, and 
chemotherapy. The allergists will need much more 
experience in chest medicine, immunology, and 
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general allergy, while the otologist must have addi- 
tional training in microsurgery, temporal bone 
pathology, neurology, audiology, and geretics. 
Such training will require from one to four years 
additional work, but when the superspecialist has 
completed this tra:ning in addition to his core ex- 
perience, he will be in a splendid position tc. meet 
the standards that will be required of all doctors 
from any discipline for the work he proposes to do, 
and he will be qualified for certification both by the 
Board and by one of the subspecialty boards which 
will no doubt be developed shortly. 


Your essayist does not agree with the Board. that 
our training program problems can be settled by the 
simple expedient of extending all training programs 
to five years. This does not solve the problem of 
general otolaryngology coverage for our natien. It 
merely adds time arid expense to the already expen- 
sive process of training which is not necessary for 
the general otolaryngologist, who would be better 
off to commence his practice after three or four 
years’ training. Such extended training for all 
otolaryngologists will consume much of the pre- 
cious teaching material needed for the super- 
specialist. It will not increase our pool cf in- 


vestigators or teachers and it will not provide suffi- 
cient time for the in-depth training of the super- 
specialists. For the hospital which pays much of the 
cost, and where the training takes place, such an 
additional year of training for the general otolaryn- 
gologist will merely add to the cost of patient care. 
Such an extra year could perhaps avoid the dilem- 
ma of subspecialty examinations for subcertifi- 
cation, but it certainly will not materially improve 


the breed! 


After reviewing our present training problems 
and our commitment to provide the best otolaryn- 
gological care for all of our people, the logical solu- 
tion would be to make the changes that will be re- 
quired to develop a strong core program to provide 
excellent care for all. After this we might follow the 
precedent set by a number of surgical specialties 
and select applicants from these core programs and 
give them the advanced interdisciplinary training 
necessary to become superspecialists, teachers, and 
researchers. Like all advances in this world, each 
step forward demands its payment. In this case it 
will mean discarding many of our cherished, old 
ideas, and the sweat and toil of putting our house in 
order. 
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18th ANNUAL MAXILLOFACIAL TRAUMA COURSE 


A course on the Management of Maxillofacial Injuries will be given May 4-8, 1980. For further information contact: Leslie Bernstein, 
MD, DDS, Dept. of Otolaryngology, U.C. Davis Medical Center, 4301 X Street, Sacramento, CA 95817. 
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As the title of this report should convey, 
mucoepidermoid and acinous cell neoplasms of sali- 
vary tissues are malignant, albeit of varying de- 
grees. The alternative term “tumor,” often used and 
even recommended, is noncommittal, misleading to 
patient and surgeon, and inappropriate in a 
histologic context in that is signifies only a mass in 
the literal sense. 


That there is no completely benign, recognizable 
mucoepidermoid lesion has been repeatedly af- 
firmed in the literature." > Specific attempts to 
ascertain on a histomorphologic basis whether a 
benign variety can be delineated have been unsuc- 
cessful. Spiro et al’ report six patients who died as a 
direct consequence of uncontrolled carcinomas 
which were of a low histologic grade. All this does 
not, however, contradict the low malignant poten- 
tial of the highly differentiated mucoepidermoid 
carcinoma. 


Mucoepidermoid carcinomas can be histological- 
ly graded as low, intermediate, and high grade ma- 
lignancies. A significant positive correlation exists 
between histologic grade and clinical stage.' Within 
the three histologic grades there is a broad range of 
biologic malignancy. This varies from a clinical 
course not unlike that exhibited by a mixed tumor 
to one of a highly malignant, metastasizing car- 
cinoma. Regardless of this breadth of clinical 
course, all mucoepidermoid carcinomas should be 
regarded as potentially malignant in terms of their 
ability to metastasize and cause death of the host. 


Low grade mucoepidermoid carcinomas are well 
differentiated lesions with well-formed glandular or 
cystic spaces (Fig. 1). The most circumscribed of the 
three grades, this carcinoma always exhibits a vari- 
able degree of infiltration into adjacent tissues. En- 
capsulation is not a feature of any mucoepidermoid 
carcinoma. An inflammatory reaction with fibrosis 
may be prominent and is a rather constant finding 
in all forms of mucoepidermoid carcinoma. This 
reaction, coupled with a deceptively benign pro- 
liferation and dilation of ducts, has led some 
pathologists to misjudge low grade mucoepider- 
moid carcinomas as merely a reaction to obstruction 
and inflammation. 


Ti ENOI grade a a d carcinomas 
and ar= more cellular than law grade carcinomas. 
Epidermoid cells and intermediate cells are more 
frejvest and cystic spaces less preminent and 
smal ez, Occasional mitoses are presen! and the cells 
exhibit slight-to-moderate plecmorphism. Obvious 
local ie filtration is always present. 








Hizb grade mucoepidermoid carcinomas are ex- 
treme!» variable in their histopathologic appear- 
ance and may range from araplastic carcinomas 
with cnly vestiges of epidermoid cells and rare 
muceus cells to a predominantly epidermoid 
population that has led to misclassification as 
primary squamous cell carcinomas. 


Wupredictably the occasional low grade muco- 
epider noid carcinoma will be lethal." ? High grade 
caromemas manifest their malignancy within the 
first “ive years after primary treatmen!, have a high 
rate co recurrence, and metastasize to cervical 
lymph nodes and distant sites (primarily to lungs 
aned ocne). The intermediate grade carcinomas me- 
tasiesize to regional lymph nodes at a Lower rate but 
exhibit a significant recurrence rate. Spiro et al! 
record a 44% incidence of métastases to cervical 
lyraph nodes for mucoepidermoid carcinomas other 
than lew grade. 


Sureival of patients with mucoepidermoid car- 
cinomas is more dependent upon stage than on his- 
tologic grade but the lower stage patients are also 
these »ossessing the low grade carcinomas. A five- 
year sarvival of 41.6% is given as the Mayo Clinic 
experi “nce with high grade mucoepidermoid car- 
ciromas.* This survival is nearly identical to the 
date orovided by Jakobsson et al? Using the 
criterion of clinical stage only, the five- year cure 
rate o patients with intermediate and high grade 
capc momas in the series Seals by Spiro et al! 
rangee from 100% to 65% to 10% in stages I, H 
and {L respectively. 


E-fcrts to relate histologic appearance of the 
acinsus cell carcinomas to a predictable biologic 
course in a manner used to grade mucoepidermoid 
carcinomas have not been successful’ (Fig. 2), Such 
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Fig. 1. Well-differentiated (low grade) mucoepidermoid 
carcinoma. Cystic spaces lined with mucous epithelial cells 
and intermediate cells. (H & E, x75) 


limitations, however, should not be a rationale to 
consider these neoplasms as benign or perhaps 
“facultative” malignancies. The other fallacy ap- 
plied to judgments of the malignancy of acinous cell 
carcinomas has been to assess their behavior over a 
short follow-up period.’ Studies of Batsakis et al,‘ 
Chong et al £ and Eneroth et al’ have presented a 
more accurate aporaisal. Of the 31 patients with 
prolonged surveillance (up to 40 years) studied by 
Batsakis et al,5 14 manifested local recurrence, 11 
exhibited metastases (most often hematogenous) 
and 8 died of causes directly related to their car- 





Fig. 2. Well-differentiated acinous cell carcinoma of 
parotid gland, Note the similarity to normal acini. (H & E, 
x80) 


cinomas. Recurrences and metastases were often de- 
layed beyond the first five years. The significance of 
this delay is underscored by the determinate sur- 
vivals recorded by Eneroth et al’: 90% at five vears 
with a decrease to 56% at 20 years. 


Acceptance of the malignant potential of muco- 
epidermoid and acinous cell carcinomas must be the 
first step in the selection of appropriate surgical 
management. To continue an ambiguous stance 
over their clinical course can only hamper this selec- 
tion and in some instances be disastrous for the pa- 
tient. 
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RESPIRATORY INFECTIONS 


Orbital and Periorbital Infections. Recent 
reviews'"* have emphasized the frequency of these 
infections in children and the clinical significance of 
differentiating those involving the orbit from those 
confined to the preseptal tissues. Preseptal infec- 
tions occurring in younger children (< 3 years) who 
have no recognized antecedent trauma, skin infec- 
tion, or sinusitis is generally caused by Haemophilus 
influenzae type B, although the causative organism 
has not been identified in a substantial proportion 
of cases. Once the infection is identified clinically, 
spread through the orbital septum is uncommon, 
the greater danger being systemic spread with 
bacteremia, septic arthritis, or meningitis. An- 
tibiotic therapy for these patients must include 
drugs which are active against both ampicillin- 
sensitive and ampicillin-resistant strains of H. in- 
fluenzae; the combination of ampicillin and 
chloramphenicol given intravenously is generally 
selected for initial treatment. Infections following 
local trauma or skin infection may involve either 
preseptal or orbital tissues and have a more diverse 
bacterial etiology. Staphylococci or streptococci 
have been the most commonly identified organisms. 


Orbital cellulitis has been much less common 
than preseptal infection in several reports of 
hospitalized children. Sinusitis, local trauma, skin 
infection and systemic diseases associated with im- 
munosuppression are common precursors of such 
infection. Most affected children have been older 
than those with the characteristic syndrome of 
preseptal cellulitis due to H. influenzae type B. One 
study’ has emphasized the value of computed 
tomography in ascertaining the presence of orbital 
involvement when clinical evaluation is difficult, in 
delineating the associated sinus involvement, and in 
identifying the presence of an orbital abscess. 
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Crous. Use of corticosteroids in croup remains 
controversial. A recent controlled study’ utilized 
dexame:hasone 0.3 mg/kg, given intramuscularly at 
the time of admission to hospital and repeated two 
hours later. Patients given the steroid showed sig- 
nificantly more improvement at 24 hours than did 
these given placebo. An accompanying review,’ 
howeve-, points out that the type of croup (spas- 
modic eroup, viral laryngotracheitis, or laryngo- 
tracheo >ronchitis) was not identified in this trial, 
nor was efficacy shown for the more severe forms in 
which <voidance of the need for tracheostomy is a 
crucial droblem. At present if steroids are to be used 
for this condition, they should be given in adequate 
doses ‘earlier trials reporting no effect employed 
lower doses) and should be restricted to very brief 
courses to avoid potential complications. 


The relationship of croup and other respiratory 
infections of childhood to pulmonary dysfunction in 
later life is being evaluated in prospective epidemio- 
logic studies. A small group of children with a past 
history of croup were studied at 8 to 18 years of age 
(vears after the acute episode) and found to have 
subtle <lteration of lung function; there was in- 
creasec airway reactivity as evidenced by decreased 
peak flow rates after exercise It is unknown 
whether this finding implies a genetic or acquired 
abnormality; it will be difficult to establish the 
significence of this finding in clinical pulmonary 
disease. 
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Respiratory Syncytial Virus Infections. 
Respiratory syneytial virus (RSV) is a major cause of 
bronchiolitis, pneumonia, and other febrile respira- 
tory illnesses in voung children. Because of its 
prevalence , its association with severe and poten- 
tially lethal disease, and the lack of effective vac- 
cines or other control measures, this virus is general- 
ly considered to be the most important respiratory 
pathogen of childhood. While most serious infec- 
tions occur in the first six months of life, RSV has 
beer considered an uncommon cause of infections 
in the neonatal period. Epidemic spread in a new- 
born nursery has been clearly established ard was 
associated with substantial mortality.’ The clinical 
manifestations were not those of typical bron- 
chiolitis and weuld not have suggested RSV infec- 
tion were it not for the availability of facilities for 
tissue culture and specific diagnosis. In addition to 
respiratory illness, apneic episodes, poor feeding, 
lethargy and unexpected deaths similar to those typ- 
ical of the sudden-infant-death syndrome SIDS) 
were prominently associated with neonatal RSV in- 
fection. It is particularly alarming that infected 
adult members of the nursery staff appearec to be 
important in the spread of virus to patients. The 
role of RSV infection in sporadic instances o! SIDS 
remains unclear.’ Bronchiolitis due to RSV has 
many features of an immune-mediated disease; the 
possibility that heightened immunity may erhance 
the pathologic effects of this infection has hampered 
efforts at developing a vaccine. For instance, 
among infected babies, those with bronchcspasm 
had enhanced virus-specific cell-mediated immuni- 
ty as compared to those with other respiratory 
manifestations.” 
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UPPER AIRWAY RESPIRATORY OBSTRUCTION 
AND SUDDEN INFANT DEATH SYNDROME 


The causes of SIDS remain uncertain. Current 
research efforts are focused on infants whe have 
survived unexplained episodes of apnea or cyanosis 
during sleep and are identified as having “near-miss 
SIDS.” These infants share epidemiologic 
characteristics with victims of SIDS; some have 
died during sleep after earlier documented episodes 
of nonfatal apnea. Physiologic monitoring during 
sleep has demons:rated respiratory abnormalities 
occurring more frequently than in control infants; 
the specific abnormalities reported include 


hypoventilation, depressed response to CO, 
breathing, prolonged and frequent apneic episodes, 
and an increase in periodic breathing.’ Both local 
pharyngeal abnormalities, such as infection, and 
postulated disorders of respiratory control have 
been implicated. Simultaneous monitoring of 
respiratory efforts and of air flow at the nose during 
sleep has shown that apneic episodes in infants may 
be of two types: central, in which inspiratory etfort 
and nasal air flow cease simultaneously; and 
obstructive, in which diaphragmatic effort con- 
tinues when nasal flow is interrupted. Obstructive 
apneas or apneic episodes of mixed obstructive and 
central type occur frequently in premature infants. 
These events may be related to loss of normal 
genioglossus muscle activity during sleep with con- 
sequent pharyngeal airway obstruction. A recent 
study has implicated this mechanism as a cause of 
apenic spells in premature infants and has shown 
the frequency of such spells to be increased by neck 
flexion.? Persistent “snoring” or stridor may be 
clinical clues to the presence of pharyngeal airway 
obstruction.? Obstructive apnea may, however. oc- 
cur during sleep without being detected even by 
direct observation; hence it remains true that most 
victims of SIDS are considered entirely well prior to 
death. Subtle, pathologic alterations in the 
pulmonary arterial musculature* and the carotid 
body® of SIDS victims also suggest that hypoventila- 
tion and hypoxemia occurred chronically before the 
fatal episode. Airway changes similar to those im- 
plicated in obstructive apneas have recently been 
demonstrated physiologically and radiographically 
in an infant with choanal stenosis.° Anatomic 
obstruction of this type might explain the frequent- 
ly reported but still unproven association of SIDS 
with episodes of nasopharyngitis. 
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HEARING 


Potentially ototoxic aminoglycoside antibiotics 
are widely used in newborn nurseries for treatment 
of suspected or proven bacterial infections. The ma- 
jor risk factors for drug-induced eighth nerve 
damage are poor renal function and excessive dose 
(as reflected by the total administered dose or peak 
serum levels). Follow-up studies have indicated that 
current usage of kanamycin and gentamicin in neo- 
nates has not caused serious vestibular or auditory 
dysfunction.’ However, satisfactory studies based 
on behavioral testing have been very difficult to 
perform, the testing must be done long after the in- 
itial drug administration. Behavioral tests may not 
detect minor degrees of damage, and dosage recom- 
mendations have frequently been changed because 
of new pharmacologic data. Thus, additional 
studies, preferably using objective testing methods, 
are needed. 
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MIDDLE EAR DISEASE 


Results of controlled trials have challenged the 
use of orally administered decongestant drugs for 
treatment of middle ear effusions in children .'-3 In 
one study, the rate of resolution of acute otitis 
media was not significantly different in patients 
given either pseudoephedrine hydrochloride or pla- 
cebo in addition to antibiotics for acute otitis 
media.’ The trial medications were continued for 
up to six weeks in children who had serous otitis 
media after resolution of the symptoms of their 
acute infection. Some subgroups of the initial study 
population (those with allergy, prior serous otitis 
media, and males), appeared to do worse with de- 
congestant than with placebo treatment; larger 
studies would be required to confirm these findings. 
A similar Danish trial? using norephedrine also 
found no effect on the course of acute otitis media. 
A third study? found a decongestant-antihistamine 
mixture to be ineffective in preventing otitis media 
when given to children with colds. Larger and more 
refined studies might define a place for these drugs. 
At present however, there is no rational basis for the 
widespread practice of using oral decongestants in 
children with various forms of otitis media. 


bacterial species which are recognized agents of 
otitis media, Haemophilus influenzae and Strep- 
fococcus pneumoniae were most frequently iden- 
tified in these specimens. Neisseria species and 





Streptococcus pyogenes (group A) were less com- 
mon. The largest number of isolates from these 
specimens were Staphylococcus epidermidis; the 
role-cf staphylococci is difficu.t to define because of 
the frequent isolation of these organisms from the 
external ear canal. Because of this question of con- 
tamimation of myringotomy specimens by organ- 
isms of external ear canal origin, the role of 
anaerobic bacteria in chronic otitis media remains 
uncertain. Chlamydia trachomatis, an agent of 
respiratory infection in infants less than «hree 
months old, has recently been isolated from middle 
ear effusions of a small number of infected infants.’ 
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GASTROESOPHAGEAL REFLEX AND: PULMONARY 
DISORDEES 


Recent interest has focused on the possible role of 
gastroesophageal reflux (GER) as a cause of a vari- 
ety of childhood problems. A significant role for 
GER has been suggested in cases of recurrent 
vomiting, chronic pulmonary disease (recurrent 
pneumonia or chronic bronchial asthma), dyspha- 
gia, recurrent abdominal or substernal pain, failure 
to thrive and the SIDS.'* The evidence for each of 
these relationships is the findiag of GER as the sole 
abnormality in significant numbers (proportions of 
selected groups) of patients with these disorders. 
Although some of these relationships appear strik- 
ing, & must be borne in mind that the frequency of 
GER in unaffected infants and children is not yet 
knowa, that the full sequence of events required to 
prodece pulmonary disorders (esophageal reflux of 
gastric acid followed by tracheal aspiration) has not 
been documented in affected patients, and that the 
vaiue of any form of therapy, including surgery, in 
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ameliorating the postulated consequences of GER is 
still uncertain. 


A number of recent reports have concerned the 
evaluation of diagnostic tests of GER.® Tests which 
may demonstrate GER include the acid-reflux (Tut- 
tle) test, measurement of lower esophageal sphinc- 
ter pressure, the barium esophagram, esoph- 
agoscopy and esophageal biopsy. Recent reports in- 
dicate that the acid-reflux test is the most sensitive 
of these and that it may be possible to simplify the 
procedure considerably by utilizing the calculated 
esophageal length rather than esophageal 
manometry to lecate the lower esophageal sphinc- 
ter; the value cf additional confirmatory tests is 
unclear.‘ 
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TENTH INTERNATIONAL CONGRESS ON ACOUSTICS 


A special Secretariat has been established to oversee all aspects of the Tenth International Congress on Acoustics. Write to the follow- 
ing address for all infermation and for additional copies of Circular No. 2, or additional copies of the special abstract form: 10th ICA Con- 


gress Secretariat, GPO Box 2609, Sydney NSW, Australia 2001. 


ALEXANDER GRAHAM BELL ASSOCIATION FOR THE DEAF 


The International Convention of the Alexander Graham Bell Association for the Deaf will be held June 24-28, 1980 in Houston, 
Texas. Contact: The Conference Department, A.G. Bell Assn. for the Deaf, 3417 Volta PL, N.W., Washington, DC 20007, (202) 
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THE AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 


April 12-13, } 


Innominate Artery Compression of the Trachea in Infants with 


Reflex Apnea. Joseph M. Ardito, MD, Robert Ossoff, DMD, 
MD, Gabriel F. Tucker, MD, Serafin Y. DeLeon, MD. 


Congenital Tracheal Diverticulum. Saul Frenkiel, MDCM, 
FRCS(C), Irene K. Assimes, MD, Jose K. Rosales, MD, 
FRCP(C). 


Internal Laryngocele and Saccular Cysts in Children: A Compar- 
ative Account of Symptoms, Diagnosis and Management. f: 
Oliver Donegan, MD, Janet L. Strife, MD, Allen B. Seid, 
MD, Robin T. Cotton, MD. 


Treatment of Neonatal Atelectasis by Flexible Bronchoscopy; A 
Pediatric Flexible Bronchoscope. James M. Sherman, MD, 
Robert E. Wood, PhD, MD. 


Fiberoptic Evaluation of Acute Upper Airway Obstruction. 
Pierre A. Vauthy, MD, Ramalinga P. Reddy, MD. 


Hemoptysis in Children. Laurence W. Tom, MD, Robert A. 
Weisman, MD, Steven D. Handler, MD, William P. Pot- 
sic, MD, 


Carcinoid and Mucoepidermoid Carcinoma of the Bronchus in 
Children. A. Gorenstein, DDS, MD, J. C. McDougall, MD, 
K. Unni, MD, E. J. O'Connell, MD. 


Airway Obstruction Due to Epidermolysis Dystrophica of the 
Larynx. Jerome W. Thompson, MD, Razzaque Ahmed, 
MD, James P. Dudley, MD. 


Upper Airway Obstruction in Infectious Mononucleosis. Lee D. 
Rowe, MD, Judith A. Wolfe, MD. 


Foreign Bodies of the Larynx and Tracheo-Bronchial Tree in 
Children: A Review of 221 Cases. Bruce F. Rothmann, MD, 
Clifford R. Boeckman, MD. 
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Foreign Bodies in the Airway: A Five Year Retrospective Study of 
Type of Anesthesia and Management. Sexmour R. Cohen, 
iD Wayne Herbert, MD, Kenneth A. Geller, MD. 


Stracture, Control and Vibratory Behavior of the Vocal Fold. 
aiinoru Hirano, MD. 


Esepaagescopy and Biopsy in Gastrc-Esophaweal Reflex in In- 
‘ants and Children. Bruce Benjamin, MB, FRACS, David 
P”oh MB, BS, Patricia Bale, MB, FRCPA. 


The Cneopharyngeus in the Neonate. Timothy Reichert, MD. 


HighInc-dence of Pulmonary Symptoms in Infants Evaluated for 
csophageal Disease. Fred C. Rothstein, MD, Thomas C. 
Taipin, MD. 


Laryagec] Stenosis from Endotracheal Intubation: Diagnosis and 
“aragement. Donald B. Hawkins, MD, William M. Lux- 
cord MD. 


The Effect of Prolonged Orotracheal intubaticn in the Neonate. 
‘seo-ge H. Conner, MD, Michae. J. Bushey, MD. 


Brenchia Closure: Effect of Negative Intrabronchial Pressure; 
“rar svascular Fluid Exchange in the Tracheal Mucosa; The 
éslue Bronchus. Carl-Eric Lindholm, MD, Ulf Nordin, MD, 
sengt Ollman, MD. 


The Relationship between Condylomata and Laryngeal Papil- 
tome; Clinical and Molecular Virological Evidence. Cedric 
å. Quick, MD, S. Watts, MD. A. J]. Faras, MD. 

Topica! Chemotherapy of Recurrent Respiratory Papillomatosis: 
à Pæliminary Report. Howard G. Smith; MD, Gerald B. 
Heals, MD, Charles W. Vaughn, MD, M. Stuart Strong, MD. 


AMERICAN LARYNGOLOGICAL ASSOCIATION, INC. 


April 14-15, 19&@ 


Papillomatosis of the Larynx — 140 Cases. Seymour Cohen, MD. 


Double-Barrelled (Diversionary) Tracheostomy in the Manage- 
ment of Juvenile Laryngeal Papillomatosis. Harvey Tucker, MD. 


The Extubation Problem in the Premature Infant. Robin Cot- 
ton, MD. 


Acquired Stenosis of the Upper Airway in Neonates. Nigel Pash- 
ley, MD. 


The Sixth Daniel C. Baker, Jr., MD Memorial Lecture. The DNA 
Story and Cancer. James D. Watson, PhD, Nobel Laureate, 
1962, 
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Larvrgea. Problems, How Would You Manage Them? Hugh Bil- 
ler, MD, Moderator. Byron Bailey. MD, Herbert Dedo, MD, 
Lawyence DeSanto, MD. 

Long Tern Stenting for Laryngotracheal Stencsis. David Schu- 
ler, MD. 


Silicome T-acheal Cannula. William Montgomery, MD. 





An Enctos:opic Technique for Restoration of Veice after Laryn- 
g-etony. Mark Singer, MD. 

Neoglettic Reconstruction Following Total Larvngectomy — A 
Reaporaisal. Bruce Leipzig, MD. 
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Spastic Dysphonia — Treatment by Selective Section of RLN. 
Robert Carpenter, MD. 


Vocal Cord Positioniag by Selective Denervation: Old Territory 
Revisited. Clareace Sasaki, MD. 

A Simple Method of Leryngeal Photography Through the Eve- 
piece of the Operating Microscope. Eiji Yanagisawa, MD. 

Otolaryngology and the Numbers Game. Frank Lucente, MD. 


Clinical Gems — 5 Minute Presentations. Eugene Myers, MD, 
Moderator. 

Three Quarter Laryngectomy — Plus. Donald G. Ses- 
sions, MD, 


Cricoarytenoid Arthritis: New Therapy with Local 
Steroid Injection. George T. Simpson, MD. 
Blastomycosis of the Larynx. James Y. Suen, MD. 


Composite Epiglottic Flap for Laryngeal Reconstruc- 
tion. Robert W. Cantrell, MD. 


Airway Obstruction in a Hemophiliac Child. Sylvan E. 
Stool, MD. 


Candida Laryngitis in Chronic Mucocutaneous Candi- 
diasis. James P. Dudley, MD. 

Staged Ileal-Loop Esophageal Reconstruction for Tra- 
eo-esophageal Fistula. Stanley M. Blaugrund, MD. 

Repair of Laryngeal Stenosis. Patrick J. Doyle, MD. 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL SOCIETY, INC. 


April 15-17, 1980 


Anti-EBV Serologic Tests for Nasopharyngeal Carcinoma. H. B. 
Neel, MD. 


Thyroid Carcinoma. Emanuel M. Skolnik, MD. 


A Protocol for Combined Treatment of Cancer of the Oral Cav- 
ity and Tongue. C. Thomas Yarington, MD. 


Recurrent Vestibulopatay. H. O. Barber, MD. 


Méniére’s Disease: Results of a Ten Year Study of the Etiology, 
Natural History and Results of Treatment. Jack L. Pulec, MD. 


Symposium on Head and Neck Trauma. Walter A, Petryshyn, 
MD, Moderator. 


Nasal Tuberculosis; A Forgotten Entity. Steven R. Walder- 
man, MD. 


Haemophilus Influenzae Soft Tissue Infections in the Head and 
Neck. George T. Simpson I, MD. 


Revision Stapedectomy: A Report of 250 Cases. James L. Sheehy, MD. 


Medial Canthoplasty: Early and Delayed Repair. Arndt J. Du- 
vall III, MD. 


Sphenoethmoid Approach to the Optic Nerve. Robert A. Soffer- 
man, MD. 


Symposium on Bilateral Vocal Cord Paralysis. Harvey M. Tuck- 
er. MD, Moderator. 


Cutaneous Aids to the Diagnosis of Oral Ulcers. Robert A. Arm- 
strong, MD. 


Sensorineural Hearing Loss in the Otosclerotic Unoperated Ear. 
Ralph J. Caparosa, MD. 


Otometry — The Evaluation Procedure of Choice. Lindsay L. 
Pratt, MD. 


Occult Neoplasms in Facial Paralysis. John Conley, MD. 

Spontaneous Return of Facial Motion Following Resection of the 
Seventh Cranial Nerve. C. W. Norris, MD. 

The Pulmonary Complications of Tonsillectomy as Originally 
Described by Samuel J. Crowe, MD, Francis I. Catlin, MD. 

Symposium on Tympanosclerosis and Tympanoplasty. Jack V. D. 
Hough, MD. Moderator. 


AMERICAN OTOLOGICAL SOCIETY, INC. 
April 13-14, 1980 


Tympanosclerosis — A Theory of Pathogenesis. Maurice Schiff, 
MD, Jacques F. Foliquin, MD, Antonio Cantanzaro, MD, 
Allen Ryan, MB. James Robb, MD. 


Brainstem Auditory Evoked Potential Testing for Retrocochlear 
Pathology. Sam E. Kinney, MD, Richard H. Nodar, PhD. 


The Use of the Acoastic Reflex Latency Test in the Evaluation 
of False Positive Tests from Brainstem Electric Response 
Audiometry. Jack D. Clemis, MD, Cynthia N. Sarno, MA. 


Plasticity of the Developing Auditory System. Robert J. Ru- 
ben, MD, Isabelle Rapin, MD. 


Primary Cholesteatemas. Timothy J. Reichert, MD, Steven M, 
Sobol, MD, Malcolm H. Stroud, MD. 


Labyrinthectomy Versis Middle Fossa Vestibular Nerve Section: 
A Critical Evaluation of Relief of Vertigo in Ménicre’s Dis- 
ease. Michael E. Glasscock I], MD, Wiliam E. Davis, 
MD, C. Gary jackson, MD. 


Cochlear Fluid Balance — A Clinical Research Overview. Arndt 
J. Duvall IH, ME. 


The Attachment of the Tectorial Membrane Revealed by Scan- 
ning Electron Microscopic Examination of the Bulk Frozen 
Hydrated Specimen. Merle Lawrence, PhD, Paul Bergio, MS. 


Myringoplasty: A Review of 500 Cases. James L. Sheehy, MD, 
Robert G. Anderson, MD. 


The Otologic Effects of Sickle Cell Anemia. Ellen M. Friedman, 
MD, Gilbert Herer, PhD, Naomi Luban, MD, Lola Wil- 
Hams, RN. 


Congenital Malformations of the Ear: Analysis of 88 Operations. 
Robert A, Jahrsdoerfer, MD. 


Demonstration of an Abnormal Cilia and Mucous Layer by 
Scanning Electron Microscopy in the Mucosa of Middle Ear 
from a Patient with Secretory Otitis. James P. Dudley, MD, 
James D. Cherry, MD. 


The Combination of Hearing Loss, Recruitment, Poor Speech 
Discrimination and Tinnitus in Cochlear Disorders. Juergen 
Tonndorf, MD. 
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AMERICAN SOCIETY FOR HEAD AND NECK SURGERY 


April 16-17 1880 


Cancer of the Head and Neck, 1960-1980. John Conley, MD. 


In Vitro Culture of Human Head and Neck Cancer Stem Cells. 
Douglas E. Mattox, MD, Daniel D. Von Hoff, MD. 


Carcinoma of the Auricular and Preauricular Region. Howard L. 
Levine, MD, Philip L. Ballin, MD, Benjamin G. Wood, 
MD, Harvey M. Tucker, MD. 


Malignant Neoplasms of the Ear Canal and Temporal Bone. W. 
Jarrard Goodwin, MD, Richard H. Jesse, MD. 


Chemotherapy of Head and Neck Carcinoma: Can We Speak of 
Cure? James J. Ervin, MD. 


Tracheal-Hypopharyngeal Anastomosis (7 Years Experience), 
Hector R. Giancarlo, MD. 


Objective Assessment of the Staffieri Neoglottic Procedure. 
Charles W. Cummings, MD, Robert A. Dobie, MD, David 
R. Beukelman, PhD, Ernest A. Weymuller, Jr, MD, George 
L. Larson, PhD. 


Vocal Rehabilitation after Laryngectomy. James H. Branden- 
burg, MD. 


Discussion and Update Northwestern Experience. George A. Sis- 
son, MD. 


Forehead and Scalp Reconstruction Following Wide Field Re- 
section of Epidermoid Carcinomas. Steven D. Schaefer, 
MD, Henry S. Byrd, MD, Ralph E. Holmes, MD. 


The Use of Trapezius Myocutaneous Flaps in Reconstruction of 
Head and Neck Defects. Myron J. Shapiro, MD. 


Limitations of the Pectoralis Myocutaneous Flap in Head and 
Neck Cancer Reconstruction. David E. Schuller, MD. 


Chiron’: Contributions. Loring Pratt, MD. 





Invertec. Papilloma of the Nasal Septum. Marshall Strome, MD, 
James H. Kelly, MD, Michael Joseph, MD, Elaine Carroll, 
MD. Maxwell Goodman, MD, Ben Pilch, MD. Rick Levin- 
sen, MD. 


Managenent of Carcinoma Arising in the Lateral Wall. Richard 
T. Barton, MD. . 


Radiotherapy for Carcinoma of the Nasal Cavity. D. D. Rabuzzi, 
MI. C. T. Chung, MD, R. F. Sagerman. MD, C. A. King, 
MI, R. R. Gacek, MD. 


The Eignty-Fifth Frontier. Stanley E. Order, MD. 


Set-Back Tongue Flap for Carcinoma of the Tongue Base. Gary 
L. schechter, MD. 


Gastric Pullup Versus Deltopectoral Flap for Reconstruction of 
‘Cervical Esophagus. John M. Fredrickson, MD, Derrick J. 
H. Wagenfeld, MB. 


Experience in 20 Cases Utilizing Free Jejunal Transfer Recon- 
struction of Hypopharynx and Cervical Esophagus. Fred M. 
5..ficConnel, MD, T. Roderick Hester, Jr, MD, Foad Nahi, 
MI, M. J. Jurkiewicz, MD, R. G., Brown, MD. 

Psewdosercoma of the Larynx: A Comprehensive Analysis. Paul 
H. Ward, MD, Paul Lambert, MD, George Berci, MD, 


The Maaagement of T3 Glottic Cancer. Andrew R. Harwood, 
MB Douglas P. Bryce, MD, Walter D. Eider, MB. 


Corabined Time Sequential Chemotherapy, Surgery and Radia- 
tion Therapy for Stage II and FV Cancer of the Head and 
Necx. James R. Chandler, MD, Francisce |. Tejada, MD. 
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X-RAY OF THE MONTH 
INTRACRANIAL CHORDOMA 


ROBERT A. GREENES. MD, PhD 
ALFRED L. WEBER. MD 


Boston, MASSACHUSETTS 


PATIENT 


A 68-year-old male experienced progressive 
hoarseness, dyspaagia, dizziness and ataxia for two 
months. Physica. examination revealed paresis of 
the left external rectus muscle, soft palate. tongue, 
vocal cord and shoulder. Sensorineural hearing loss 
was present in the left ear. Nasopharyngeal ex- 
amination was normal. The patient underwent a 
left external ethmoidectomy, sphenoidotomy and 
subsequent radiotherapy. The reported 
pathological diagnosis was a chordoma. 





RADIOGRAPHS 


A lateral film of the neck (Fig. 1) reveals a 
homogeneous mass in the nasopharynx with a 
straight, sharp, enterior margin (arrows). The basal 
view of the sku! (Fig. 2) shows destruction of the 
clivus and posterior portion of the sphenoid sinus 
with ill-defined borders. A basal tomogram of the 
skull (Fig. 3) demonstrates a large area of bone 
destruction (the extent of which is shown by the ar- 
rows) involving he clivus with extension to the left 


and right middle fossae and left petrous apex (FM, 
in foramen magnum). A lateral tomogram (Fig. 4) 
illustrates irregular destruction of the clivus with a 
soft tissue mass in the posterior portion of the 
sphenoid sinus and nasopharynx (arrows). A com- 
puterized axial tomogram (Fig. 5) reveals the tumor 


mass to better advantage (arrows). The tumor ex- 
tends into the anterior portion of the foramen 
magnum (FM - Foramen magnum; S - Sphenoid 
sinus: P - Soft palate). 


DISCUSSION 

Chordoma is a midline malignant tumor 
originating from remnants of the fetal notochord. 
More than one third of all chordomas arise from the 
clivus at the spheno-occipital synchondrosis.' 
Others occur in the upper cervical vertebrae (about 
20%) and in the sacrococevgeal region (about 
45%). Peak incidence is between the ages of 20 and 
40 years for the intracranial lesions, with no 
definite sex predilection. The sacrococcygeal lesions 
tend to occur in an older age group and are said to 
have a male predominance. 
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Fig. 3. 


The intracranial chordoma tends to extend either 
posteriorly into the prepontine cisterns or anteriorly 
into the nasopharynx.’ Destruction occurs without 
evidence of reactive bony sclerosis. Calcification 


which is nodular or reticular may be seen in 





Fig. 5. 


Fig. 4. 


10-20% of the lesions? but was not demonstrated in 
our case. The dorsum sellae is frequently destroyed 
by anterior extension, with more widespread sellar 
destrue ion and invasion of the sphenoid sinus fre- 
quentiv. A soft tissue mass is seen in the 
nasopharynx in approximately 20% of cases as is 
demonstrated in our case. 


Pnea noencephalography shows a displaced 
fourth ventricle and an elongated and displaced 
floor of the third ventricle, along with a displaced 
pontine cistern.? The mass is usually avascular. 
Comp-:erized axial tomography demonstrates the 
soft tissue component, calcification and defines 
boae cestruction. 


The cifferential diagnosis includes craniopharyn- 
giomus pituitary tumors, pontine tumors, 
nasopharyngeal and sphenoid sinus carcinomas and 
mMucoce.es. 


Relertless slow progression is characteristic of 
cherdema, with a marked terdency to recurrence 
even efter surgical intervention or radiation 
therapy. Metastasis is very rare, although cases 
have æn reported.‘ 
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In pediatric infections 


40 mgt rimethoprim a and 200 mg sulfa amethoxazole 


Susp ension B. I.D. 








otitis cals 
Septra Suspension provides effec- 
tive antibacterial action against 
susceptible strains of H influenzae 
and S pneumoniae (D pneumoniae), 
the pathogens most likely to cause 
acute otitis media in children. 

Septra Suspension is useful in 
many patients, but especially in 
those with penicillin allergy or with 
infections caused by ampicillin- 
resistant H influenzae. Limited clini- 
cal data are presently available on 
the effectiveness of treatment of 
acute otitis media with Septra when 
the infection is due to H influenzae 
resistant to ampicillin. However, in 
vitro data is highly favorable; when 
over 200 strains of ampicillin-resis- 
tant H influenzae were tested, all 
proved susceptible to TMP/SMxX.* 

And unlike most other antibac- 
terials for the treatment of acute 
otitis media, Septra Suspension is 
administered on a convenient b.i.d. 
dosage schedule. The cherry- 
flavored suspension is well 
accepted by children. 





D 4, Burroughs Wellcome Co. 
Z = Research Triangle Park 
Mm, North Carolina 27709 








In recurrent 
urinary tract 
infections 


septa Suspension provides effec- 
tive entibacterial action in urine and 
blood against susceptible strains of 
E coi Klebsiella-Enterobacter and 
Proteus. Whether the infection 
centers in the kidneys or bladder, 
Septra Suspension maintains effec- 
tive levels at the site of the infection 
with just two doses a day. 
Adequate fluid intake should be 
main-ained and frequent urinalyses 
with careful microscopic examina- 
tion performed during Septra ther- 
apy. Septra is contraindicated in 
infants under two months of age. 








“In vitro data do not necessarily correlate with clinical 


results. cata on file, Burroughs Welicome Co. 
NOTE: Septra should not be used_n the treatment of 


Please =e prescribing information on next page. 


Septra Suspension B.LD. 


Each teaspoonful (5 ml) contains: 40 mg trimethoprim and 
200 mg sulfamethoxazole 


Septra DS B.I.D. 


Each tablet contains: 160 rng trimethoprim and 800 mg sulfamethoxazole 


Septra® DS Tablets Double Strength 
Septra® Tablets 
Septra® Suspension 


INDICATIONS AND USAGE: 

URINARY TRACT INFECTIONS: For the treatment of urinary tract 1fections 
due to susceptible strains of the following organisms: Escherchia coli, 
Klebsiella-Enterobacter, Proteus mirabilis, Proteus vulgaris, Proeeus mor- 
ganii. It is recommended that initial episodes of uncomplicated urinary 
tract infections be treated with a single effective antibacterial agent rather 
than the combination. 


NOTE: Currently, the increasing frequency of resistant orgar sms is a 
limitation of the usefulness of all antibacterial agents, especi lly in the 
treatment of these urinary tract infections. 


ACUTE OTITIS MEDIA: For the treatment of acute otitis media im children 
due to susceptible strains of Haemophilus influenzae or Stre, tococcus 
pneumoniae when in the judgment of the physician Septra ofsers some 
advantage over the use of other antimicrobial agents. Limited clinical 
information is presently available on the effectiveness of treatment of otitis 
media with Septra wher the infection is due to Haemophilus "fluenzae 
resistant to ampicillin. To date, there are limited data on the safety of 
repeated use of Septra in children under two years of age. Sentra is not 
indicated for prophylactic or prolonged administration in otiti media at 
any age. 

SHIGELLOSIS: For the treatment of enteritis caused by susceptble strains 
of Shigella flexneri and Shigella sonnei when antibacterial therapy is 
indicated. 


PNEUMOCYSTIS CARINI! PNEUMONITIS: For the treatmen’ of docu- 
mented Pneumocystis carmii pneumonitis. To date, this drug has been 
tested only in patients 9 months to 16 years of age who were innunosup- 
pressed by cancer therapy. 


CONTRAINDICATIONS: Hypersensitivity to trimethoprim or sul Onamides. 
Pregnancy and during the oursing period. Infants less than twc months of 
age. 

WARNINGS: SEPTRA SHOULD NOT BE USED IN THE TREA MENT OF 
STREPTOCOCCAL PHARYNGITIS. 


Clinical studies have documented that patients with Group A /-hemolytic 
streptococcal tonsillopharyngitis have a greater incidence of bacteriologic 
failure when treated with Septra than do those patients teated with 
penicillin as evidenced by failure to eradicate this organism from the 
tonsillopharyngeal area. 


Deaths associated with administration of sulfonamides have be n reported 
from hypersensitivity reactions, agranulocytosis, aplastic anem a and other 
blood dyscrasias. Expenence with trimethoprim alone is much more limited, 
but occasional interferenc2 with hematopoiesis has been repc ted as well 
as an increased incidence of thrombopenia with purpura in elderly patients 
on certain diuretics, primarily thiazides. 


Sore throat, fever, pallor, purpura or jaundice may be early sigrs of serious 
blood disorders. Frequenz: CBCs are recommended; therapy should be 
discontinued if a significant reduction in the count of any foemed blood 
element is noted. 


PRECAUTIONS: Use with caution in patients with impaired renal or hepatic 
function, possible folate deficiency, severe allergy or bronchie asthma. In 
glucose-6-phosphate cehydrogenase-deficient individuals, hesnolysis may 
occur (frequently dose-related). During therapy, maintain ad&quate fluid 
intake and perform frequent urinalyses with careful microscopic examina- 
tion and renal function tests, particularly where there is ime@aired renal 
function. 


Since Septra may prolong prothrombin time in patients n warfarin, 
coagulation time should be reassessed when Septra is given. 


ADVERSE REACTIONS: All major reactions to sulfonamides end trimetho- 
prim are included, even if not reported with Septra. Blood Dyscrasias: 
Agranulocytosis, aplastic anemia, megaloblastic anemia, th ombopenia, 
leukopenia, hemolytic anemia, purpura, hypoprothrombinemie and methe- 
moglobinemia. Allergic Reactions: Erythema multiforme, Stevens-Johnson 


Xvi 





syndrome, generalized skin eruptions, epidermal necrolysis, urticaria, 
serum sickness, pruritus, exfoliative dermatitis, anaphylactoid reactions, 
periorbital edema, conjunctival and scleral injection, photosensitization, 
arthralgia and allergic myocarditis. Gastrointestinal Reactions: Glossitis, 
stomatitis, nausea, emesis, abdominal pains, hepatitis, diarrhea and pan- 
creatitis. C.N.S. Reactions: Headache, peripheral neuritis, mental depres- 
sion. convulsions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, 
fatigue, muscle weakness and nervousness. Miscellaneous Reactions: 
Drug fever, chills, and toxic nephrosis with oliguria and anuria. Periarteritis 
nodosa and L. E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics (aceta- 
zolamide and the thiazides) and oral hypoglycemic agents, sulfonamides 
have caused rare instances of goiter production, diuresis and hypogly- 
cemia; cross-sensitivity may exist with these agents. In rats, long-term 
administration of sulfonamides has produced thyroid malignancies. 


DOSAGE AND ADMINISTRATION: Not recommended for use in infants 
less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOSIS IN ADULTS AND 
CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infections is 
two tablets or four teaspoonfuls (20 ml) every 12 hours for 10 to 14 days. An 
identical daily dosage is used for 5 days in the treatment of shigellosis. 


Children: The recommended dose for children with urinary tract infections 
or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg sulfamethox- 
azole per 24 hours, given in two divided doses every 12 hours for 10 days. An 
identical daily dosage is used for 5 days in the treatment of shigellosis. The 
following table is a guideline for the attainment of this dosage using Septra 
Tablets or Suspension. 


Children: Two months of age or older: 


Dose —every 12 hours 


Tablets 


1 5 mi Yo 
2 (10 mi 1 
3 (15ml 


1% 
4 (20 mi 2 (or 1 DS tablet) 


Teaspoonfuls 


For patients with renal impairment: 


Creatinine Clearance Recommended 
(ml/min) Dosage Regimen 
Half of the usual 
15-30 dosage regimen 
Below 15 Use Not Recommended 


PNEUMOCYSTIS CARINII PNEUMONITIS: 

The recommended dosage for patients with documented Pneumocystis 
carinii pneumonitis is 20 mg/kg trimethoprim and 100 mg/kg sulfamethox- 
azole per 24 hours given in equally divided doses every 6 hours for 14 days. 
The following table is a guideline for the attainment of this dosage in 
children. 











Dose —every 6 hours 
Teaspoonfuls Tablets 


Yo 


3 
4 


15ml 
20 ml 





1( 5ml 
sige 


1% 
2 (or 1 DS tablet) 


HOW SUPPLIED: TABLETS, containing 80 mg trimethoprim and 400 mg 
sulfamethoxazole—bottles of 40, 100, 500 and 1000 tablets; unit dose pack 
of 100. 

ORAL SUSPENSION, containing the equivalent of 40 mg trimethoprim and 
200 mg sulfamethoxazole in each teaspoonful (5 ml), cherry flavored—bot- 
tle of 450 ml. Also available in double strength, oval-shaped, pink, scored 
tablets containing 160 mg trimethoprim and 800 mg sulfameth- 
oxazole—Compliance™ Pak of 20, bottle of 60 and unit dose pack of 100. 
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GOODE T-TUBE 


The preferred tube for long term ventilation 
of the middle ear. 








Xomed’s Goode T-Tube is preferred for long term use because it is delicately 
designed to stay positioned in the tympanic membrane. The extended shaft and long, 
flexible flanges keep it in place until it is easily remeved, usually without incision, by 
the surgeon. 

It is the alternative to other long or short-term ventilation tubes, with these 


Easy to insert wit smaller incision 

Reduces possibility f perforation 

Simple extraction procedure, usually without incision 
Minimal incidence =f extrusion 

Soft silicone constraction 

Easily trimmed by sa-geon 

1.0mm inner diameter; 12mm long 

One tube per caps ik; five capsules per box 
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Designed by Richard L. Goode, M. D., 
Stanford, California 

“The T-Tube for Middle Ear 
Ventilation,’’ Arch. 

Otolaryngology, Vol. 97, May, 

1973, pp. 402-403. 





For additional information, the name of your 
local Territorial Sales Manager and/or 
nearest dealer, call (800) 874-5797 (in 
Florida call (904) 737-7900 collect); TWX 
(810) 827-6439; or write Xomed Inc., 

¢ 8641 Baypine Road, Jacksonville, Florida 
32216. 





TELEDYNE 
IONICS 





SCREENING 





: 
SCHOOL 


School screening demands the 
utmost in reliability. Teledyne’s 
TA-3) is an accurate, durable, 
and steady portable instrument. 
Test orocedures are easily set 

up and may be modified to 
satisty special cases or future 
requirements. Testing 
capabi ities include 

Tympanometry, Contralateral 
Reflex, Ipsilateral Reflex, and 
Scresning Audiometry. 


FEATURES: 


# Direct compliance readout 
in cc 
æ Contralateral: 8 frequencies, 


High Pass, Low Pass, Wide 
Band Noise 


ə Ipsilateral: 2 frequencies 


TA-3P: 


® Accessory recorder for TA-3D 


For €etails, ask for School 
Scresning and Pediatrics booklets 
alona with specifications. 


TELEDYNE 
AVIONICS 


PO Box 6400 
ne arlottesville. VA 22906 
{ 804)973-3311 
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pseudoepneadrine nyarocniornae 
Controlied-Release Decongestant 


DESCRIPTION: Each capsule contains 120 mg. 
of pseudoephedrine hydrochloride in specially 
formulated pellets designed to provide contin- 
uous therapeutic effect for 12 hours. About one 
half of the active ingredient is released soon 
after administration and the rest slowly over 
the remaining time period. 


ACTIONS: Pseudoephedrine is an orally effec- 
tive nasal decongestant with peripheral effects 
similar to epinephrine and central effects simi- 
lar to, but less intense than, amphetamines. It 
has the potential for excitatory side effects. At 
the recommended oral dosage, it has little or 
no pressor effect in normotensive adults. Pa- 
tients have not been reported to experience 
the rebound congestion sometimes experi- 
enced with frequent, repeated use of topical 
decongestants. 


INDICATIONS: Relief of nasal congestion or 
eustachian tube congestion. May be given 
concomitantly with anaigesics, antihistamines, 
expectorants and antibiotics, 


CONTRAINDICATIONS: Patients with severe 
hypertension, severe coronary artery disease, 
and patients on MAO inhibitor therapy. Also 
contraindicated in patients with hypersensitiv- 
ity or idiosyncrasy to sympathomimetic amines 
which may be manifested by insomnia, dizzi- 
ness, weakness, tremor or arrhythmias. 

Children under 12: Should not be used by 

children under 12 years. 

Nursing Mothers: Contraindicated because 

of the higher than usual risk for infants from 

sympathomimetic amines. 
WARNINGS: Use judiciously and sparingly in 
patients with hypertension, diabetes mellitus, 
ischemic heart disease, increased intraocular 
pressure, hyperthyroidism or prostatic hyper- 
trophy. See, however, Contraindications. Sym- 
pathomimetics may produce central nervous 
stimulation with convulsions or cardiovascular 
collapse with accompanying hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: Safety in pregnancy has not 
been established. 
Use in Eiderly: The elderly (60 years and older) 
are more likely to have adverse reactions to 
sympathomimetics. Overdosage of sympatho- 
mimetics in this age group may cause halluci- 
nations, convulsions, CNS depression, and 
death. Safe use of a short-acting sympatho- 
mimetic should be demonstrated in the indi- 
vidual elderly patient before considering the 
use of a sustained-action formulation. 


PRECAUTIONS: Patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-re- 
activity to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions 
such as tachycardia, palpitations, headache, 
dizziness or nausea. Sympathomimetics have 
been associated with certain untoward reac- 
tions inctuding fear, anxiety, tenseness. rest- 
lessness, tremor, weakness, pallor, respiratory 
difficulty, dysuria, insomnia, hallucinations, 
convulsions, CNS depression, arrhythmias, and 
cardiovascular collapse with hypotension. 


DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects 
of pseudoephedrine. Sympathomimetics may 
reduce the antihypertensive effects of methyl- 
dopa, mecamylamine, reserpine and veratrum 
alkaloids. 

DOSAGE AND ADMINISTRATION: One cap- 
sule every 12 hours. Do not give to children 
under 12 years of age. 

CAUTION: Federal law prohibits dispensing 
without prescription. 

HOW SUPPLIED: Brown and orange colored 
hard gelatin capsules, monogrammed with the 
Dow diamond followed by the number 104. Bot- 
tle of 100 capsules (NDC 0183-0104-02). 


DOW PHARMACEUTICALS 
P DOW The Dow Chemical Company 
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Z-hour rellet. 
Ire and simple. 


And we’ve proved it. 


Clinical measurements and bio-availability data have 
demonstrated tt at Novafed Capsules provide sustained 
relief from nas@ and eustachian tube congestion for-12 
full hours. 

inside every Novafed Capsule you’: find only one 
active ingredient.. . pseudoephedrine hydrochloride. 

No other drug is needed to provide 12-hour 

decongesiant effect. 

And there’s the convenience of one 
capsule every 12 hours—with no 
drowsiness. Novafed may be given 
concomitantly_with analgesics, 

antihistamines, expectoranits, 
and antibiotics. 

For all day and all night 
relief, it’s Novafed Capsules. 

Pure and Simple. 




























In clinical studies nasal airway resistance is measured using 
a erate esta with a mouth tube connected to 
a pressure transducer. The pneumotachom- 
eter measures air flow, while the 

transducer records changes in 
nasal pressure. 
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PLASTI-PORE: 


Exclusively from Richards. 


Richards Plasti-Pore has proven to be an excellent implant material that 

has been used successfully in many otological prostheses. The high density 
polyethylene has a porous structure that allows the ingrowth of soft tissue. This tissue 
ingrowth enhances the fixation of otological implants and reduces the likelihood of 
loosening, migration, and expulsion. Plasti-Pore material is also useful in reconstruc- 
tive surgery as a tissue-inviting replacement for diseased bone or tissue voids. 
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TORP Implants 


(Total Ossicular Replacement Prothesis) 


A. Shea! TORP Implant 

Used to replace the entire ossicular chain. Placed from the 
oval window to the drum. Broad surface prevents tilting 
and distributes pressure over a larger area. 


B. Shea! Plasti-Pore and Teflon" TORP 
Designed for cases in whicha tissue-inviting material is 
needed beneath the drum and a solid Teflon® shaft in the 


oval window. The flange is Plasti-Pore. 
‘Made for John J. Shea, M.D., Memphis, Tennessee 


C. Austin? Off-Centered TORP 
Modification of the Plasti-Pore columella provides a 
direct—rather than angled—union between footplate and 


prosthesis. 
*Made for David F. Austin, M.D., Chicago, Illinois 


D. Causse? Modification of Shea TORP 
Offers the same unique features of the basic columella 
design, but with a slimmer shaft. 


Made for Jean R. Causse, M.D., Beziers, France 


E. Fischt TORP Implant 

This new modification of the TORP offers the advantage of an 
L-shaped prosthesis. The smaller head and 0.8mm shaft allow 
better visibility. Overall length is 8mm. 

‘Made for Prof. Dr. Ugo Fisch, Zurich, Switzerland 





PORP Implants 


(Partial Ossicular Replacement Prothesis) 


A. Richards PORP‘ 

Designed to replace the ossicular chain from the 
drum to the stapes. Hollow post accommodates the 
stapes, and broad-faced flange interfaces the 
tympanum. 

*Made for Ralph Caparosa, M.D., Pittsburgh, Pennsylvania 


B. Modified Plasti-Pore PORP*® 
Offers visibility of the stapes superstructure through 


the cannulated stem. 
‘Made for Leslie J. Block, M.D., Chicago, Illinois 


C. Off-Centered Plasti-Pore PORP 
Off-center position of shaft provides direct (rather 
than angled) stapes-to-tympanum placement. 
Cannulated shaft allows visibility of stapes dunng 
surgery. 


D. Grate” Malleus-To-Stapes Strut 
Radiused upper portion conforms to the shape of 
the malleus. Hollow post seats on the stapes 


superstructure. 
™Made for M. R. Grate, M.D., Tallahassee. Florida 


E. Shea Plasti-Pore Strut 
Radiused pertion fits the shape of the malleus. 
Portion that rests on the footplate can be trimmed 


for a more conforming fit. 
"Made for M. Coyle Shea, Jr., M.D., Memphis, Tennessee 
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Plasti-Pore Piston 





Other Plasti-Pore Products 
A. Oval Window Seal 





with Armstrong-style Platinum Ribbon Loop 

or Stainless Steel Wire Loop 

Plasti-Pore Piston allows soft tissue ingrowth for stabilization of the implant in 
the oval window niche or tissue graft. Flatinum ribbon loop facilitates closure; 
flat cross-section provides wide area of contact to discourage point necrosis. 
Similar prosthesis available with reunc, “tainless Steel wire loop. 
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This Plasti-Pore disc acts as a collar for the end of the piston. heiping to 
provide a seal over the oval window and a matrix to encourage tissue to grow 


back over the window and up to the piston. 


B. Plasti-Pore Bobbin Drain Tube 

The combination of the bobbin design.and 
Plasti-Pore material results in a mynngotomy 
tube for long-term ventilation. Teflon® lumen 
helps to prevent tissue in growth and clogging of 
the lumen itself. 


C. Armstrong? Teflon’ 
Plasti-Pore Drain Tube 
The Armstrong Teflon® Drain Tube is modified 


in this version with a Plasti-Pore sleeve encasing 
the lumen. Beveled flange is Teflon. 
Made for B. W. Armstrong, M.D., Charlotte, North Carolina 


D. Plasti-Pore Reconstruction Disc 
Plasti-Pore discs of varying sizes provide a 
tissue-inviting replacement for tissue voids. 
Especially suited for radical mastoid surgery to 
restore contour. 











TORP Implant 


*®Piast:-Pore and TORP are registered wademarks 
of Richards Manutacturing Ca. inc 


“Teflon ss a registered trademark of the Du Pant Company 


®Aschards Manulacturing Co. ine 1279 
Al rights reserved. 
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Piston Design Implant 


RICHARDS 


Memphis, Tennessee 38115, U.S.A. 
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When a cold strikes 











238,857 miles from 
home,a decongestant 
cant afford to 





Taken for relief of nasal congestion during five Apollo missions. 


sion lca Tablets and Syrup 


| INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

“Probably” effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 
*“Lacking substantial evidence of effectiveness as a fixed 
combination”: For the prophylaxis and treatment of the 
symptoms associated with the common cold. 


Final classification of the less than effective indications re- 
quires further investigation. 











CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure: and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 


Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 


Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 


Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkaloids. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematologic System: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 





nervousness, tremer, eritability, insomnia, euphoria, paresthesias, 
blurred vision, diple@pia, vertigo, tinnitus, acute labyrinthitis, 
hysteria, neuritis, cenwulsions, CNS depression, hallucination. 

5. G.I. System: Epsgestric distress, anorexia, nausea, vomiting, 
diarrhea, constipation 

6. G.U. System: Usimary frequency, difficult urination, urinary 
retention, early merses. 

7. Respiratory Syseem: Thickening of bronchial secret.ons, 
tightness of chest.end wheezing, nasal stuffiness. 


OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation s 
particularly likely inachildren. Atropine-like signs and symptoms: 
dry mouth; fixed, dated pupils; flushing; and gastrointestinal 
symptoms may alSe @ccur. 


If vomiting has not ocurred spontaneously the patient should be 
induced to vomit. Frecautions against aspiration must be taken, 
especially in infants amc children. If vomiting is unsuccessful 
gastric lavage is ineicated within 3 hours after ingestiom and even 
later if large amourtsf milk or cream were given beforehand. 
Isotonic and 1/2 isetonic saline is the lavage solution o% choice. 
Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel eentent. Stimulants should not be used. 
Vasopressors may be ised to treat hypotension. 


DOSAGE AND ADMIĦISTRATION: Dosage should be individ- 
ualized according t'» the needs and the response of the patient. 


Syrup 
Tablets teaspoonfuls (5 cc) 


Usual Dose: 













Adults and children 
12 years amd oder 


Children 6 to 
12 years 


Children 4 to 
6 years 3/4 


Children 2 to day 

4 years 1/2 
Children 4 months 

to 2 years 1/4 


HOW SUPPLIED: 
Actifed® Tablets — ‘tottles of 100 and 1000; unit dose pack of 100. 
Actifed® Syrup — Battes of 1 pint and 1 gallon. 


Unit of Use: 
Tablets — Bottles o 39 and 100 with child-resistant cap. 
Syrup — 4 oz bottle wth child-resistant cap. 


Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): 
Biomedical Resul& af Apollo. Washington, DC, National! 
Aeronautics and Space Administration, 1975, p 63. 


ACTIFED 


Each scored tablet-cantains ACTIDIL” (triprolidine HCl! 2.5 mg, 
SUDAFED* (pseuaoephedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains FCTIDIL® 1.25 mg and SUDAFED*® 30 mg. 


Tablets/Syrup 


You can count on it. 

















COURSE 
SURGICAL ANATOMY AND 
TECHNIQUES OF THE 
TEMPORAL BONE 


DALLAS FOUNDATION 
OF OTOLOGY 


1980 Dates 
January 27 - February 2 


May 4-10 
September 7-13 


FEE: $650 - Practicing Physicians 
$450 - Residents 


Non-refundable after ten days prior to course 


dates. Deposits acceptable on these amounts 
of $100 and $50 respectively. 


Contact: Fred D. Owens, MD, Dallas Foun- 
dation of Otology, Barnett Tower, Suite 1105, 
Dallas, TX 75246. (214) 742-2194. 


AUDITORY EVOKED 
POTENTIALS 


Workshop in Practical Clinical Applications 
of Electrocochleography and Brainstem 
Auditometry 


Sponsored by 
The Methodist Hospital and the Institutes of 
Otorhinolaryngology and Communicative 
Disorders and Neurology, The Neurosensory 
Center of Houston 


May 10-12, 1980 


Three-day course is designed to familiarize the physician 


and audiologist with clinical applications of the “early” 
auditory eles! potentials. Background information on 
the “middle” and “late” potentials and on cochlear poten- 
tials is also included. Course relies heavily on tutorials and 
workshops to familiarize participant with instrument 
oso i response measurement and interpretation of test 
results. 


Course syllabus will be distributed to each participant 
prior to enrollment. 


Course Instructors: 
Alfred C. Coats, MD 
James F. Jerger, PhD 

and Staff 


Tuition: $325 — Enrollment Limited 


Address inquiries to: Alfred C. Coats, MD, Cochlear 
Function Laboratory, The Neurosensory Center of 
Houston, 6565 Bertner Ave., Houston, TX 77030. 
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Symposium 
SURGERY OF THE SKULL BASE 


Two-Day International Symposium 
Sponsored by the 
Faculties of 


YALE UNIVERSITY 
SCHOOL OF MEDICINE 
and 
UNIVERSITY OF IOWA COLLEGE: 
OF MEDICINE 


June 2-3, 1980 


Course Directors: 
Clarence T. Sasaki, MD 
Brian F. McCabe, MD 
John A. Kirchner, MD 


FACULTY: Drs. D. Brackmann, Los Angeles; W. Elies, 
Tubingen; U. Fisch, Zurich; W. Hitzelberger, Los 
Angeles; J. Lewis, New York; A. Maran, Edinburgh; W. 
Montgomery, Boston. 


Further information and enrollment forms may be ob- 
tained from: Office of Graduate and Continuing Educa- 
tion. Yale University School of Medicine, 333 Cedar Street, 
New Haven, Connecticut 06510. (203) 432-4582. 





ANNUAL UNIVERSITY OF MICHIGAN 
COURSE 
HEAD AND NECK ONCOLOGY 


May 12-16, 1980 


Course Director: Charles J. Krause, MD 
Special Guests: Jerome C. Goldstein, MD, Albany, New 
York and John G. Batsakis, MD, Portland, Maine. 


Designed to provide surgeon with systematic approach to 
the treatment of head and neck cancer, a OC piton of 
topies will be covered in didactic presentations and cadav- 
er dissection. Included will be: tumor immunology and 
virology. clinical and radiographic diagnostic techniques, 
principles of radiation therapy, dental evaluation and 
prosthetic management, and special emphasis on prin- 
ciples and techniques of surgical treatment with im- 
mediate reconstruction. 


Enrollment limited 


Tuition fee: $500 for physicians in practice 
$350 for residents, including anatomic dissection material 
Tuition fee for those not participating in 
cadaver dissections: 
$400 for practicing physicians — $250 for residents 


For those not wishing to perform cadaver dissections, de- 
tailedwideo demonstrations of each surgical procedure will 
be presented. 


Course is approved for 42 units of continuing education 
credit through the University of Michigan’s Postgraduate 
Medical Education Division. 


For further information contact: Charles J. Krause, MD, 
Professor and Chairman, Department of Otorhinolaryng- 
ology, University of Michigan Hospitals, Ann Arbor, MI 
48109. 





San Francisco 
Be May 29-31, 1980 


OTO 80 is thoughtfully designed to present the most recent advances in otologic surgery, neurotology, 
and laser microsurgical techniques. The unique and highly acclaimed format integrates basic science 
with pract cal surgical and medical therapy utilizing a comprehensive syllabus, an electronic audience 
response system, and brief illustrated surgical and laser technique tricks. 


F.£CULTY: Rodney Perkins, MD 
Program Chairman Frederick T. Guilford, MD Fred Linthicum, MD 
Kedar Adour, MD Jack Hough, MD Edward Luck 
Burt Brent, MD William House, MD Jack Pulec, MD 
Ugo Fisch, MD Claus Jansen, MD Gordon Smyth, MD 
Malcolm Graham, MD Merle Lawrence, MD Roger Wehrs, MD 


FEE: Physician $485 No 
Resident in Training $285 FOR REGISTRATION OTOgO 
CME: 24 Hours Category 1 BROCHURE CONTACT: 1801 Page Mill Road 


Palo Alto, CA 94304 
(415) 494-2000 


THE DEPARTMENT OF OTOLARYNGOLOGY 
and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


CONTROVERSIES IN HEAD AND NECK SURGERY 


Under the Direction of 
FRANK E. LUCENTE, MD 


Mount Sinai School of Medicine Faculty 
Hugh F. Biller, MD, Stanley M. Blaugrund, MD, William Lawson, MD, DDS, 
Max L, Som, MD, Peter M. Som, MD 
Guest Faculty 
John J. Conley, MD, Richard H. Jesse, MD, Thomas J. Krizek, MD, 
Brian F. McCabe, MD, Elliot W. Strong, MD 
May 22-23, 1980 
Thursday and Friday, 8:30 AM - 5:15 PM (2 Sessions) 


This course will >cus on areas of controversy in the management of oe with diseases of the head and neck. The faculty includes 


specialists in oto arvngology, general surgery and plastic surgery, all of whom have extensive experience in head and neck surgery. 
Format will incEide lectures, panel discussions, problem case presentations and question-and-answer periods. 


FEE: $225. including lunch. Residents: $125. including lunch. 
Ths course will be given at the Mount Sinai Medical Center, New York City, NY. 


APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, Mount 
Sinai School of Medicine, One Gustave L. Levy Place, New York, NY 10029. Tel: (212) 650-6737. 
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THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announces Postgraduate Courses 


RHINOPLASTY AND OTOPLASTY 


(Cosponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc) 
Under the Direction of 
SIDNEY S. FEUERSTEIN, MD 
Course Director 
SAMUEL M. BLOOM, MD 
WILLIAM LAWSON, MD, DDS 
FRANK LUCENTE, MD 


Guest Faculty: 
JAMES BAUM, MD, Bridgeport, Conn. 
JOHN CONLEY, MD, New York, N. Y. 
IRVIN FINE, MD, Perth Amboy, N. J. 


SIGMUND SATTENSPIEL, MD, 
Long Branch, N. J. 


ROBERT SIMONS, MD, Miami, Fla. 


FRED J. STUCKER, JR., MD, FACS, 
Bethesda, Md. 


RICHARD C. WEBSTER, MD, Melrose, Mass. 


HOWARD SMITH, MD, DDS, 
New Haven, Conn. 


June 15-19, 1980 
Sunday through Thursday 
9:00 AM to 6:00 PM (5 Sessions) 


This course covers the basic principles of rhinoplasty including 
reconstructive surgery of the nasal septum and otoplasty. Basic 
lectures on surgery of the nasal tip will be thoroughly reviewed 
and discussed. Laboratory dissection on fresh cadavers will be 
coordinated with the lectures in addition to daily live and taped 
televised surgery. Anatomy, physiology, pathology, diagnosis, 
planning and evaluation in rhinoplasty will be thoroughly 
reviewed. Management of the nasal septum with and without 
rhinoplasty will be presented. Correction of nasal deformities 
including thorough discussion of component parts and their 
relation to every other part with special emphasis on the nasal 
tip and nostrils, splinting, correction of accompanying chin 
deformities, use of grafts for restoration of contour, plastic 
surgery in children and psychiatric aspects will be reviewed. 
Management of nasal deformities associated with cleft palate 
and cleft lip will be presented. 


The technique and latest concepts developed in rhinoplasty will 
be discussed and taught including the prevention and correction 
of rhinoplasty sequellae. The importance of surgical judgment, 
proper association of the aesthetic and physiological require- 
ments and methods of improvisation will be stressed. 


Lectures on otoplasty will deal with etiology, pathology and 
surgery of deformities of the auricle secondary to errors in 
shape, size and position. 


Cadaver dissection available for each student. 


FEE: $600 


COSMETIC SURGERY OF THE 
AGING EYE 


(Cosponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc) 
Under the Direction of 
MORRIS FELDSTEIN, MD 


Course Director 
IRA ELIASOPH, MD 
SIDNEY S. FEUERSTEIN, MD 
VIRGINIA LUBKIN, MD 


Guest Faculty: 

JACK R. ANDERSON, MD, New Orleans, La. 
NORMAN ORENTREICH, MD, New York, N. Y. 
DAVID B. SOLL, MD, Philadelphia, Pa. 
RICHARD C. WEBSTER, MD, Melrose, Mass. 


June 20-21, 1980 
Friday and Saturday 
9:00 AM to 5:00 PM (2 Sessions) 


The course is designed for those surgeons who have had some ex- 
perience in this field and wish more exhaustive and detailed in- 
struction in cosmetic surgery as it applies to the eye. In addition 
to lectures and films, a seminar format will be employed so that 
each participant will be able to resolve his particular difficulties 
in group discussions. 


Cadavers for surgery will be provided. Admission only after cor- 
respondence with the Director of The Page and William Black 
Post-Graduate School of Medicine. 


FEE: $300 


FACIAL PLASTIC SURGERY 


(Cosponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc) 
Under the Direction of 
WILLIAM LAWSON, MD, DDS 


Course Director 


JACOB S. ARONOFF, MD 
SIDNEY S. FEUERSTEIN, MD 
Guest Faculty: 
JOHN CONLEY, MD, New York, N. Y. 
RICHARD C. WEBSTER, MD, Melrose, Mass. 


June 23-24, 1980 
Monday and Tuesday 
9:00 AM to 6:00 PM (2 Sessions) 


This course will cover the facelift procedure. It will include lec- 
tures on case selection, regional anatomy, operative technique, 
complications and results. Attention will also be given to an- 
cillary procedures for the aging face. Cadaver dissection and 
surgical demonstrations will be utilized. 


FEE: $300 


As an organization accredited for continuing medical education, The Page and William Black Post-Graduate School of Medicine of 
the Mount Sinai School of Medicine (CUNY) certifies that these continuing medical education offering meet the criteria, hour for 
hour, for Category I credit of the Physician’s Recognition Award of the American Medical Association, provided it is used and com- 


pleted as designed. 


APPLY TO: Director, The Page and William Black Post-Graduate Schoo! of Medicine, Mount Sinai School of Medicine, One 


Gustave L. Levy Place, New York, NY 10029. Tel: (212) 650-6737, 


COMBINED 
OTC LARYNGOLOGIC 


and 


OATHOGNATHIC 
SYMPOSIUM 


May 9-10, 1980 
at 
Sieraton at Fisherman’s Wharf 


San Francisco 


sponsored by 


PACIFI 2 MEDICAL CENTER 


Multidisciplir ary program with distinguished 
guest faculty. 


Course Charman: James Klein, DDS, MD 
Apprcved r 12 hours Category I credit 
Fee: $199 

$145 residents 


For further information: Continuing 


Education, Pac:fic Medical Center, P. O. Box 
7999, San F-ancisco, CA 94120. Tel. (415) 
563-4321, Ex-. 2761. 


OTOLARYNGOLOGIST 


Second colaryngologist needed for 
large rulti-specialty group. 


for varied, in- 
University com- 
school affiliation 


Referral center 
teresting practice. 
munity; medical 
available. 


Competitive salary with full fringe 
benefits. 


Please vrite and include CV to: 
Keaneth S. Weiss, M.D. 
Deot of Otolaryngology 
Carle Clinic Association 

602 W. University Avenue 
U bana, Illinois 61801 
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JEFFERSON MEDICAL 
COLLEGE 


OF 
THOMAS JEFFERSON 
UNIVERSITY 
DEPARTMENT OF 
OTOLARYNGOLOGY 


THE ANNUAL 
LOUIS H. CLERF 
LECTURESHIP 


Guest Lecturer 
Harold F. Schuknecht, M.D. 


May 7, 1980 


For further information contact: 
Louis D. Lowry, M.D. 
Department of Otolaryngology 
Jefferson Medical College 
Philadelphia, Pennsylvania 19107 





LOOKING 
FOR A 
SATISFYING 
ALTERNATIVE 
TO THE 
BIG CITY? 
Modern 200 bed community hospital 


located in central Ohio offers pleasant 
family life style and progressive 


medical practice. Fresh air and gentle 
hills along with active cultural, recrea- 
tional and educational opportunities. 


Contact: 


Medical Staff Office 
Galion Community Hospital 
Portland Way South 
Galion, Ohio 44833 
(419) 468-4841 





AMERICAN HEARING RESEARCH FOUNDATION 


presents 


MULTI-DISCIPLINARY ‘WORKSHOP 
Rehabilitation 
through Amplification 

June 20 - 25, 1980 


PICK-CONGRESS KOTEL 
CHICAGO, ILLIN IS 





Registration Fee: $250 


FOR CONTINUING EDUCATION CREDIT: 
34 HOURS - Category 1, Physicians Recognition Award/ American Medical Association 
31 HOURS - Hearing Aid Institute / National Hearing Aid Socey Re-Certification Requirements 


for more information wri or call 


AMERICAN HEARING RESEARCH FOUNDATION 
55 E. Washington Street/Chicago, IL ©9502/(312) 726-9670 


ENT 
FELLOWSHIP 


Position to start July 1, 1980 to candidate 
who has completed residency training. 


690 Bed General Hospital 
Active Internships and Residencies 


To help in teaching program for Lenox 
Hill Hospital residents and residents on 
rotation from other major ENT training 
programs, as well as in work of active 
ENT service. 


Please contact: Dr. Ernest A. Weymuller, 
Acting Director of Otolaryngology, Lenox 
Hill Hospital, 100 East 77th Street, New 
York, NY 10021. 
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OTOLARYNGOLOGIST 
NEEDED 
F-ivate practice in busy medical 
building in 
DELRAY BEACH, FLORIDA 


Buixding occupied by large referral 
grow of internists, general surgeons 
and specialists. 


Call: 
Lrs. Bebout, Wachtel or Pace 
or 
Mrs. Hanshumaker 
at 


(305) 278-3323 





Review Course for Otologic Surgery 
Sponsored by the 


Post Graduate Institute of the New York 
Eye and Ear Infirmary 


April 17-19, 1980 
Emmett E. Campbell, M. D., Course Director 


Three-day course in wet temporal bone dissection 
designed for the practicing otologist who wants to 
refresh his ear surgery techniques and learn the 
newer ear surgery procedures. Course will consist of 
a review of basics in tympanomastoid surgery and 
will include intact canal wall techniques, facial 
recess approach, modified radical and radical 
mastoidectomy, facial nerve decompression, en- 
dolymphatic sac surgery, amcanai atticotomy, 
stapedectomy, and tympanoplasty techniques for 
the removal of disease and reconstruction of the 
tympanic membrane and ossicular chain. 


ELECTRONYSTAGMOGRAPHY 


Short Courses for 
Physicians, Audiologists and Technicians 







Sponsored by 


THE METHODIST HOSPITAL 
and 
INSTITUTES OF OTORHINOLARYNGOLOGY AND 
COMMUNICATIVE DISORDERS, and NEUROLOGY, 
THE NEUROSENSORY CENTER OF HOUSTON 


March 29-31, 1980 








Two parallel hree-day intensive courses in clinical 
ENG are offesec. Technicians’ course stresses prac- 
tical aspects of test technique, and physicians’ course 
stresses clinical EA pepo Audiologists may take 







specially scheculed program which includes parts of 
both the tecaniques and interpretation course. 
Courses rely leant on tutorial teaching methods to 
allow ample epportunity for supervised trial-and- 
error learning 

Report of eacl technician trainee’s performance, in- 
cluding exam mation scores and an evaluation of 
technical com etence, will be given the trainee and 
employer. 













Each session in the well-equipped Temporal Bone 
Laboratory will be preceded by videotape instruc- 
tion and closed-circuit television demonstration of 
the dissection. Stress will be placed on temporal 
bone dissection with a minimum of laboratory lec- 
tures. 











Course Instructors: 


Alfred C. Coats, MD, and staff 
Tuitiœa: $325. Limited enrollment 


Address inquies: Alfred C. Coats, MD, ENG 
Laboratory, The Methodist Hospital, 6565 Bertner 
Blvd., Houstoa, TX 77030. 


Tuition: $400 — Limited Enrollment 
AMA-CME Credits, Category 1:24 






For registration and futher information, please 
write: Jane Stark, Registrar, Post Graduate In- 
stitute, New York Eye and Ear Infirmary, 310 East 
Fourteenth St., New York, N. Y. 10003. 






MEDICAL OFFICER 
HEAD AND NECK ONCOLOGY 


The Clinical Investigations Branch, Division of Cancer Treatment, National Cancer 
Institute is seeking a qualified Otolaryngologist with major interest in head and neck 
oncology for the position of special assistant for surgical oncology. 


The individual would participate in the scientific administration of the Division of 
Cancer T-eatment extramural programs involving contract and grant supported 
research ir head and neck oncology and would serve as project officer for the National 
Cancer Institute’s head and neck contract program. Qualifications include board cer- 
tification eligibility in otolaryngology. 


The positien is to be filled through a cancer expert appointment. Salary will be in the 
range of £38,186 to $50,112 per annum, depending on the qualifications and ex- 
perience o the candidate, and will be subject to federal regulations. 


Interested individuals should contact: Gregory T. Wolf, MD, Special Assistant for 
Surgical Cncology, Clinical Investigations Branch, Landow Building, Room 8C17, 
National _nstitutes of Health, Public Health Service, National Cancer Institute, 
Bethesda, MD 20205, (301) 496-4884 by March 7, 1980. Equal Opportunity Employer. 


NATIONAL INSTITUTES OF HEALTH 
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IOWA HEAD AND NEC} 
AND RECONSTRUCTIVE 
1980 






CANCER 
COURSE 


June 7-11 


I. CURRENT CONCEPTS IN HEAD AND NECE ONCOLOGIC SURGERY. 


Five day course designed to pikes a basic understanding and rationale in -he current treatment of head and neck cancer. Lec- 
tures and cadaver dissections wil cover the neck, sinuses, salivary glands and apper aerodigestive system. 


June 12-13 


I]. ADVANCED TECHNIQUES IN HEAD AND NECK RECONSTRUCTIVE SURGERY. 


Two day course to present surgical methods of cutaneous, myocutanes#s and composite flap reconstruction of the upper 
aerodigestive system and mandible. Neolaryngeal reconstruction will also be ccwered. Anatomical dissections will be completed by 
each participant. 


Special Guest Faculty: 
James Ryan Chandler, MD 
Professor and Chairman 
Department of Otolaryngology 
University of Miam 


Enrollment Limited 


Fees: Course I: $8500 
Course II: $400 
Course I & IL: $800 


Residents with letter from head of department will get a 50% recuction. 


Contact: 
William R. Panje, MD 
Director, Division of Head and Neck Surgery 
Department of Otolaryngology and Mawillofacial Surgery 
University of lowa 
Iowa City, IA 52242 
Tel: (319) 356-2156 
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ILLINOIS MASONIC 
MEDICAL CENTER 
Presents 
“OSE AND EAR 
MODERN SPECIALIST 
EXAMINATIONS 
W.TH ADVANCED 
ELECTRONIC 
APPARATUS 


(A Practical and Didactic Program) 
For Specialists and Their Assistants 


May 8-9, 1980 


Illinois fasonie Medical Center 
Jhicago, Illinois 





Rhinomanometry 
Nasal breathing Pressure Studies 
Airway. Resistance Measurements 
Nasc-Antral Determinations 
Naso-Fulmonary Function Tests 
3raim Stem Evoked Responses 
Tympanometry 
Nose ani Ear Related Disturbances 
Including Vertigo 


Tuition: $175 
Lunches Included 


Class Size Limited 
Early Registration Advised 


For program and additional 
information, write: 

Mrs. Frances Mueller 
Ulinc:s Masonic Medical Center 
€36 Wellington Avenue 
Chicago, IL 60657 


Doctors Maurice H. Cottle, Jack D. Clemis, 


Arthur Curtis 


Weh the Cooperation of the 
American Rhinologic Society 


Faculty will include: 
at A. Barelli, M.D. 
Serald Castor, M.S. 

Fugene B. Kern, M.D. 
Dcnald Lawrence, Ph.D. 
Charles M. Luetge, M.D. 

Leon Neiman, M.D. 
Albert Steiner, M.D. 
Ckarles A. Tucker, M.D. 
Jaseph W. West, M.D. 


AMA Credit Category I, 16 Hours 
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Mondini dysplasia is characterized by a short flat cochlea, large vestibule, wak, small or missing semicircular canals, and immature 
sensorineural structures. It may occur in association with anomalies of other orgars« it may occur in isolation. In some cases the footPlate 
of the stapes is defective, leading to spontaneous perilymphatic fistula and menisetis. 


In 1791, Carlo Mondini presented a paper before 
the Academy of Sciences of the University of 
Bologna! with the title An anatomical dissection of 
a boy born deaf.* He stated as follows: “An eight- 
year-old boy born deaf, of a very little lively in- 
telligence and a slimly built body, was struck on the 
foot by the wheel of a fast moving wagon; he was 
taken to the Infirmary, and thereafter inflamma- 
tion and suppuration of the foot with gangrene set 
in, and in a few days the boy died. Immediately I 
applied myself to the examination of the organs of 
hearing, and I was careful to the utmost of my abili- 
ty that not even the smallest part should escape my 
diligent scrutiny.” 


He noted that the external and middle ears ap- 
peared normal. Then he continued, “As regards the 
vestibule, there was nothing in its shape which in- 
dicated any defect, except that it had acquired a 
greater than normal size . . . turning to the cochlea 
I observed that it was exceedingly flawed. Accor- 
ding to its nature it makes in its ascent two and one- 
half spirals, and in our boy who was born deaf it 
completed only one and one-half, with the final 
spiral at the apex missing, and it ended in a large 
hollow corresponding to the cavity of the final 
spiral.” This report was the first description, based 
on anatomical dissection, of combined membranous 
and bony dysplasia of the inner ear. 


The first reported histological study of this 
malformation was made by Alexander in 1904? and 
the first extensive study of pathological changes in 
temporal bones of deaf persons, which included 
Mondini dysplasia, was by Mygind in 1890.7 


In 1927 Fraser* presented an interesting report 
concerning a child with bilateral Mondini anomaly 
before a meeting of the Royal Society of Medicine. 
(This clinical description is suggestive of the Wil- 
dervanck® form of the Klippel-Feil syndrome which 
was described 25 years later.) Fraser stated, as 
follows, “the patient was the youngest of a family of 
twelve children. According to his mother, all the 


*The publication is in Latin and is entitled Anatomica surdi nati sectio, 
Opuscula, Caroli Mundini. 


chilcrem xcept the patient were born healthy. . . 
The chic showed hydrocephalus from birth though 
the labaur was normal. . .the patient was said by 
his naotner to resemble her own father very closely; 
both hed the same short neck and the same shape 
head. . .equint was present. . .weak on his legs and 
did not walk till the age of three. . .he did not speak 
but mae inarticulate noises. . .he appeared to hear 
a whist: . .the tonsils were enlarged and adenoids 
present . „ethyl chloride was given, but when only 
one torsi had been removed, the child became cy- 
anosed.. stopped breathing. . .artificial respiration 
was at once carried out. . .but without result.” 
Fraser's «escription of the temporal bones may be 
summavized as follows: Right ear: the tympanic 
membrare and ossicles are normal. The bony coch- 
lea is somewhat flattened from the base to apex and 
the moctolus is badly formed, consisting of only 
] 1/2 turas. The cochlear duct of the upper part of 
the basal turn is very small and the vestibule is very 
wide. “Te utricle is large and the lateral semi- 
circular vanal is small. Left ear: the stapes is fixed, 
the facial canal is dehiscent, and the round window 
is absert. The cochlea consists of a single coil, the 


modiclws. is absent and no scalae are seen. The 
vestibuæ is small and the semicircular canals are 
missing 


The @mporal bone sections of this boy now reside 
in the temporal bone collection at the University of 
Zurich. The records also contain a letter from 
Fraser addressed to F. Nager, then Chairman of the 
Department of Otolaryngology at Zurich, discuss- 
ing the findings of this case. Representative sections 
from the right ear are shown in Figure 1. 








Altmmann® characterized Mondini dysplasia as a 
flattened bony cochlear capsule with an under- 
developed bony structure in the apical part of the 
cochlea featured by defects in the interscalar sep- 
tum, mcciolus, and osseous spiral lamina, reduc- 
tion in tae number of cochlear turns, and dilated 
endclymphatic system. He described a large con- 
fluemt saccule and utricle. 








From the Harvard Medical School and Massachusetts Eye and Ear Infirmary, Bostoa, iaseachusetts. Thisstudy. was épported by a research grant from 
the National Institutes of Health. Public Health Service. NINCDS NSO5881. te ns a 7 
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Fig. 1. This patient was known to have a bilateral profound hearing loss from birth and died during a tonsillectomy at 
age =. Reported by Fraser.* Tissue sections courtesy of L. Ruedi, University of Zurich. Both ears show Mondini dysplasia. A) 
The “ight ear shown here has gross anomalies of all structures. There is a large vestibule with rudimentary sense organs and a 
globa_ar cochlea having 1 1/2 turns. IAC - Internal auditory canal. (From Schuknecht HF. Pathology of the ear. Cambridge: 
Harvard University, 1976. Published with permission) B) Higher power view of the cochlea showing deformities of the 
coch- ear duct. rudimentary modiolus and small spiral ganglion. 
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Fig. 2. (Case 1) Audiogram of patient with cervico- 
oculo-acousticus (Wildervanck) syndrome, a variant of the 
Klippel-Feil syndrome. X - Left; O - Right; CNT - Could 
not test. 


He also stated that the extent of the changes in 
the stria vascularis, organ of Corti, spiral ganglion, 
and the other parts of the cochlear system deter- 
mined the degree of hearing loss, and that clinical- 
ly, malformation of the Mondini type might there- 
fore show complete deafness or only partial loss of 
hearing. Beal et al’ have also suggested that less 
severe deformities than those originally described 
by Mondini and others might be classified as Mcn- 
dini dysplasia. 


The ability to diagnose the Mondini deformity 
has been greatly enhanced by the advent of po.y- 
tomography.® Valvassori et al? have pointed out the 
wide spectrum of ear anomalies which can be iden- 
tified by polytomography. They found that abcut 
one half of the abnormal cochleas in their series 
showed a reduction in size (dwarf cochlea) rather 
than a reduction in the number of coils. In a 
polytomographic investigation of 64 deaf children 
Jensen"? found Mondini malformation in nine ears. 


A. MONDINI MALFORMATION IN ASSOCIATION 
WITH ANOMALIES IN OTHER ORGANS 


The syndromes which show a high incidence of 
Mondini malformation are Klippel-Feil syndrome, 
Pendred’s syndrome, trisomy syndrome, and Di- 
George’s syndrome. It may also occur in association 
with other anomalies not yet recognized as specific 
syndromes, 


KLIPPEL-FEIL SYNDROME 


This syndrome, accurately described by Klippel 
and Feil in 1912,"' is characterized by fusion of two 
or more cervical vertebrae, high scapulae, spina 
bifida, facial asymmetry, torticollis, cervical rib, 
meningocele, cleft palate, vascular and pulmonary 
anomalies and deafness. The ear anomalies may in- 
clude unilateral or bilateral deformities of the mid- 
dle ear structures including fixation of ossicles and 
Mondini deformity. The disorder may be classified 


according to the extent of cervical fusion.’? A 
variant, termed cervico-oculo-acusticus or Wilder- 
vancex’s vwndrome® consists of Klippel-Feil syn- 
drome, ceafness, abducent paralysis, and retraction 
of the eyeball. This disorder is inherited as an 
X-linked trait that is lethal in males, a characteristic 
that mar account for the preponderance (65%) in 


females, * 


Radio_ogic studies are useful in determining the 
type of middle ear and inner ear malformations. '* 
Abnormalities of the footplate of the stapes are 
common. and can lead to spontaneous cerebrospinal 
fluid (CEF) otorrhea and meningitis.'® Removal of 
the stapes in the course of reconstructive ear surgery 
may alsc result in a profuse leakage of CSF, com- 
monly krown as the perilymphatic gusher." 





The following case is representative of the 
cervico-cculo-acousticus variant of the Klippel-Feil 
syndrome. 


Case Ł This female had a bilateral, moderately 
severe hearing loss all her life. She had severe ver- 
naine əpisodes with nausea and vomiting at age 
19, and again at age 25. The hearing loss progressed 
slowly ard then suddenly became worse in associa- 
tion with mild vertigo at age 36. Examination at 
this time revealed a healthy female with a short stiff 
neck, rigat beating nystagmus, left abducens nerve 
palsy anc severe bilateral sensorineural hearing loss 
(Fig. 2). x-ray films of the cervical spine showed fu- 
sion of vertebrae C-2 through C-5 (Fig. 3B). There 
was mile retraction of the globes. Caloric tests 
showed £0 response to ice water in either ear. On 
polytomc:graphic study both ears showed absence of 
the apica. turns of the cochleae, enlarged vestibules 
confluen: with enlarged lateral semicircular canals, 
short wice internal auditory canals, small superior 
semicircular canals, and absence of the posterior 
semicircular canals (Fig. 4). 


PENDAREESS SYNDROME 


Pendred’s syndrome'’® is defined as a triad con- 
sisting of congenital sensorineural hearing loss, 
goiter, ar an abnormal perchlorate test. Enlarge- 
ment of he thyroid usually begins at puberty or 
later but can be present at birth. A positive per- 
chlorate #est presumably shows a reduction in the 
amount cf peroxidase enzyme and is caused by a 
hereditar” defect in thyroid globulin synthesis. The 
mode of inheritance is thought to be autosomal 
recessive. * Mondini dysplasia in Pendred’s syn- 
drome ha. been described by Nager”? and Albrecht?! 
and more recently by Ilum” and Illum et al.” In 
the later zeport radiologic studies showed the Mon- 
dini defect in 7 of 15 subjects having Pendred’s syn- 
drome. 


The eriy report of temporal bone pathology is 
that of -ividberg-Hansen and Jorgensen** who 
described the findings in a 60-year-old deaf male 
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Fig 3. (Case 1) A) Portrait view shows the short neck characteristic of the Klippel-Feil sy nae: B) Lateral x-ray film of 
the cervical spine, showing fusion of vertebrae C-2 through C-6. 


who developed a goiter at age 25, and had a positive 
perchlorate test. In each ear the cochlea a ad of 
a single cavity with an enlarged but shortened 
cochlear duct, loss of cochlear hair cells and 
neurons, aplasia of the tectorial membrane, en- 
larged vestibule, dilated semicircular canals, short 
wide cochlear aqueduct, and dilated endolym- 
phatic duct and sac. These findings are consistent 
with Mondini dysplasia. 


TRISOMY 


Structural abnormalities as well as alteration in 
total number of chromosomes cause multiple con- 
genital anomalies. The first observation that an ex- 
tra chromosome causes gross anomalies was made 
simultaneously in 1959 by Lejeune et aP? and 
Jacobs et al’® and concerned chromosome 21 which 
results in mongolism or Down’s syndrome. It is the 
most common trisomy, occurring in approximately 
l in 600 live births, and whereas the disorder is 
associated with an increased incidence of microtia 
and aural atresia, inner ear dysplasias are uncom- 
mon, 


The trisomies of the larger groups D (13, 14, 15)?’ 
and E (17, 18) occur less frequently but cause much 
greater malformations. Infants afflicted with either 
of these aberrations fail to thrive and die within a 
few weeks or months. These infants have numerous 
anomalies of the external, middle, and inner ears. 
Low-set ears anc aural atresia are common. Defor- 
mities of the ossicles, facial nerve and middle ear 


muscles are the rule. The most common cochlear 
anomaly is incomplete formation of the modiolus. 
Thus, the modiolus is deeply excavated and spiral 
ganglion cells are frequently located in the internal 
auditory canal. The cochlea is often flattened but 
the cochlear duct is usually not shortened. The in- 
terscalar septum is often partly defective between 
the middle and apical turns. Commonly, the inter- 
nal auditory canal is very wide and shallow and the 
cochlear aqueduct is widely patent.**?° Partial or 
total absence of semicircular canals is a common 
finding. The following cases are representative: 


Case 2, This male infant was born to a 40-year- 
old female who died in childbirth. He had numer- 
ous gross malformations including microcephaly, 
skull-sealp defect, sloping forehead, flat occiput, 
low-set deformed ears, microphthalmia, corneal 
opacities, and rocker bottom feet. He failed to re- 
spond to sound. Chromosomal studies showed 
trisomy 13. He died at three months of age. Only 
the left temporal bone was acquired for study. The 
anomalies are limited to the cochlea and saccule 
and consist of a wide flat cochlea, incomplete 
modiolus, wide internal auditory canal, scala com- 
munis, cystic stria vascularis, hypoplastic saccule, 
and widely patent cochlear aqueduct (Fig. 5A).** 

Case 3. (Courtesy of Z. Kahn and K. Adour*®’) 
This male infant was born to a 26-year-old female. 
Gross congenital anomalies included bilateral cleft 
lip and palate, absent pinnae, left aural atresia, 
umbilical hernia, and bilateral polydactyly of the 
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Fig. 4. (Case 1) Polvtemegranhie’ views af the bony labyrinths showing classical bilateral Mondini malformation. A) 


The large vestibules are confluent with dilated sensicirc ‘ular canals. 


turns, 


hands. Chromosomal studies showed D/D translo- 
cation trisomy. He died at 17 days of age. Both ears 
show wide internal auditory canals, incomplete for- 
mation and excavation of the modiolus, flattened 
cochlea (Fig.5B, left ear), aplasia of parts of the 
semicircular canals, and various middie ear 
anomalies. 


DIGEORGE’S SYNDROME 


This syndrome presents a varying array of 
anomalies of the structures arising from the third 
and fourth pharyngeal pouches, the craniofacial 
structures (including the ear), and the car- 
diovascular and renal systems. DiGeorge was the 
first to recognize the importance of thymic agenesis 
or hypoplasia as a cause for immunodeficiency in 
these infants, Affected subjects who survive birth 
usually succumb at an early age from an over- 
whelming infection. Two previous temporal bone 
studies have appeared in the literature and both 
reported Mondini dysplasias as well as other 
anomalies of the middle and external ears. >" The 
following case is representative of this syndrome: 


Case 4. (Courtesy of P. O'Shea) This infant ex- 
hibited numerous anomalies of the third and fourth 
pharyngeal pouches, suffered cardiorespiratory 
distress immediately after birth and died three 
hours later. The diagnosis of DiGeorge’s syndrome 
was made on the basis of numerous congenital 
anomalies including absence of thymus tissue. 


» 


B Coehleae have 1 1/2 turns instead of the normal 2 1) 2 


Onl- the right temporal bene is available for 
study. The malleus and incus are unarticulated 
round bony masses without recognizable processes. 
The mëddle ear is a small cavity lined with colum- 
nar epithelium, surrounded by mesenchyme and 
crossee. by bony trabeculae. The internal auditory 
canal is short and widened in its center. The 
footplete of the stapes is undeveloped, showing only 
slight ndication of differentiation at its posterior 
margix (Fig. 6A). A large deformed cochleariform 
proces: is fused to the rudimentary stapedial 
footplzte. No stapes crura are present. The round 
windex niche is filled with mesenchyme and 
separaced from the middle ear by bony trabeculae. 
The raotor part of the facial nerve is missing 
althouzh the geniculate ganglion and associated 
sensor” nerve bundles are present. The cochlea has 
1 12 turns and shows a partially missing interscalar 
septum (Fig.6B). Hair cells and ganglion cells are 
presenc. The saccule and cristae of the lateral and 
superier canals are hypoplastic. The utricle is nor- 
mal. 


UNDEFINED SYNDROMES 


Mordini dysplasia may occur in association with 
disorders in other organ systems which either occur 
so infrequently or are so poorly understood that no 
consistent pattern has been recognized. Some of 
these raay be of genetic origin and others may be the 
result of noxious prenatal influences. Among the 
latter are teratogenic drugs and possibly maternal 
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Fig. 5. A’ (Case 2) Trisomy 13. Left cochlea showing incompletely formed modiolus with some of the spiral ganglion 
cells in the internal auditory canal. There is a defect of the interscalar septum between the first and second turns (double ar- 
rows), and there is evstic dysplasia of the stria vascularis (single arrows). The saccule (not shown) was also hypoplastic. 
(From Schuknecht HF. Pathology of the ear. Cambridge: Harvard University, 1976. Published with permission) B) Ben 3) 
D:D translocation trisomy. (Temporal bones acquired by Kahn and Adour.) The left ear which is shown reveals a wide inter- 
nal auditory canal, incomplete formation and excavation of the modiolus (arrow) and a flattened cochlea having the normal 
number of turns. There were also anomalies of the semicircular canals and both middle ears (not shown). (From Arch 
Otolaryngol 1978; 104:22-25. Copyright 1978, AMA. Published with permission) 


infections acting upon the fetus during the first bone findings of Be infant with thalidomide 

i a ? induced dysplasias who died of an atrial septal 
trimester. : 

defect at the age of four months. The mother had 

In 1964 Jorgensen et al’* reported the temporal taken two Lulamin® tablets, corresponding to 
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Fig. 6. (Case 4) DiGeorge’s syndrome. (Temporal bones ae eae by P. O'Shea.) A) Right ear showing a short wide in- 





ternal auditory canal and flattened cochlea. There is a defect of the intersealar septum (arrow), the vestibule is large, the 
semicircular canals are wide and short, and the motor division of the facia. nerve is missing. B) Higher ae er view of cochlea 


which is flattened and has 1 1/2 turns, Hair cells and spiral ganglion ce ls.are present. The stria vascularis (SV) of the apical 
region is atrophic. 
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x. 7. (Case +) Audiogram of patient with a “dwarf” 
cochlea showing a combined sensorineural and conductive 
hearing loss at age 19 (see Fig. 8). 


100-200 mg of thalidomide, about 25 days after 
conception. Nc auditory or vestibular responses 
could be elicited from either ear. The pinnae were 
deformed and the external auditory canals were 
small. At autop:y the internal auditory canals could 
not be identified and the cochear, vestibular and 
facial nerves were missing. Histological studies 
showed numereus anomalies of the middle ears. 
The left inner 2ar consisted of a spherical cavity 
which continued superiorly into a short narrow 
chamber. These spaces contained a disorganized 
membranous labyrinth with sensory structures but 
no nerve fibers. A rudimentary endolymphatic duct 
was seen, The right inner ear was totally missing, 
corresponding to che Michel** type dysplasia. 


The followin case is representative of Mondini 
dysplasia occurring in an undefined syndrome.” 


Case 5. This nale subject was born of a 34-year- 
old mother ancl a 38-year-old father who was 
known to have 1ad a progressive hearing loss. The 
subject was meatally retarded (IQ 28 at age 6 1/2 
years) and had mild spastic diplegia and hearing 
loss. He was the eighth of ten pregnancies and all 
but three died o unknown causes. He suffered from 
recurring glomerulonephritis and died at age 20. 
Audiogram at age 19 is shown in Figure 7, 


Middle ear anomalies consist of bilateral con- 
genital choles eatomas, salivary choristomas, 
deformed ossicles, and lack of mastoid pneumatiza- 
tion (Fig. 8A). [4 the left ear the footplate is missing 
and the oval window is bridged by a thin mem- 
brane (discussec further in section C and Figure 18 
of this paper). 


The anomalies of right and left ears are nearly 
identical. The exchleas have the normal 2 1/2 turns 
but measure orly 23 mm in length (normal: 32 
mm). The densi y of hair cells and cochlear neurons 
appears to be rormal in these shortened cochlear 
ducts. The striae vasculares are normal. The 
utricles and saccules appear normal. The endolym- 





phatic sacs are wide and bulbous. The nonam- 
pullated ends of the superior semicircular canals are 
narrowed. The ampullae and adjacent two thirds of 
the lateral semicircular canals, as well as three 
fourths of the posterior semicircular canals, are 
missing (Fig. 8B). 


B. MONDINI MALFORMATION OCCURRING IN 
ISOLATION 


Mondini dysplasia may occur either unilaterally 
or bilaterally without associated anomalies in other 
organs. Paparella and ElFiky” reported such a 
case. The losses of auditory and vestibular function 
may be static or progressive and vary from mild to 
total. The following cases are representative of this 
group. 


Case 6. This male had a profound left sen- 
sorineural hearing loss all his life. The time of onset 
and etiology was not known. At the age of 50 he 
noted the onset of a hearing loss in his right ear 
which over a period of two months progressed to a 
severe loss in spite of several medical therapies. He 
experienced no vertigo or other symptoms and was 
in good general health. Examination revealed nor- 
mal tympanic membranes. Audiometry showed a 
profound hearing loss on the left and a 70-80 dB loss 
with a flat audiometric pattern and no speech 
discrimination on the right (Fig. 9). ENG showed a 
spontaneous right beating nystagmus, and caloric 
tests showed an absent response to ice water on the 
left and a normal response on the right. Polytomo- 
graphy showed the typical Mondini dysplasia of the 
left ear (Fig. 10). The left internal auditory canal 
appeared short and the lateral semicircular canal 
was wide and confluent with the vestibule, The 
cochlea appeared as a large cavity with no visible 
turns. The right ear showed a dilated midportion of 
the internal auditory canal (IAC). Posterior fossa 
myelogram showed normal filling of the right IAC 
and nonfilling of the left IAC. The FTA-ABS test 
for syphilis was negative. Spinal tap showed normal 
values for sugar and protein, and the colloidal gold 
test and rapid Hinton tests were normal. Ex- 
ploratory tympanotomy of the right ear failed to 
show evidence of a fistula of the oval or round win- 
dows. The round window membrane appeared nor- 
mal when fully visualized after removal of bone 
from the lip of the round window niche. The cause 
for the left congenital deafness was Mondini 
malformation but the cause for the right acquired 
hearing loss remains undetermined. 


Case 7.* This female first complained of hearing 
loss at age 47. Audiometric tests performed on five 
occasions during the following 25 years showed a 
slowly progressive bilateral sensorineural hearing 
loss. The pure tone threshold patterns were flat. 
Speech discrimination scores at age 63 were 20% on 
the right and 32% on the left. She died of myocar- 
dial infarction at the age of 73. 
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Fig. 8. (Case 5) Bilateral Mondini dysplasia in associa- 
tion with other anomalies not consistent with a known syn- 
drome. The anomalies of right and left ears are similar. A) 
Left ear showing congenital cholesteatoma, deformed and 
partly missing ossicles, absence of mastoid pneumatization, 
anterior displacement of the tensor tympani muscle, and 
large cochleariform process. B) Schematic drawing showing 
the configuration of a normal bony labyrinth (stippled) and 
the configuration of the left labyrinth of this subject (sclid). 
The cochlea has the normal number of turns but is shortened 
(dwarf cochlea). Parts of the semicircular canals are missing. 
The vestibular aqueduct and its duct are short and the 
endolymphatic sac is located in a bulbous bony chamber. 
(From Arch Otolaryngol 1975: 102:498-505. Copyright 
1975, AMA. Published with permission) 


Both ears show flattened cochleas shortened to 
two turns (24 mm) and defective interscalar parti- 
tions (Figs. 11 - 13). In the second turn of each ear 
the osseous spiral lamina is partly missing, the lim- 
bus and Reissner’s membrane are attached to the 
wall of the modiolus, and the spiral ligament rests 
partly on the interscalar septum. There is a 

‘ 





moderate loss of hair cells and neurons, most severe 
in the basal turns and most pronounced in the right 
ear. The ductus reuniens, saccule and saccular duct 
are larger than normal. There is acidophilic stain- 


ing of the endolymph of the cochlear duct and sac- 
cule ef the right ear. The utricles and semicircular 
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Fig, 3 (Case 6) Audiogram showing profound hearing 
lossain the left ear caused by Mondiri dysplasia. At age 50 
the patient suffered a rapidly progressive hearing loss of 
unknown cause in his right ear. 


canals are normal in both ears. The hair cell and 
neuronal populations of the vestibular systems are 
normal. The endolymphatic duets and sacs and the 
cochlear aqueducts are norma.. There is no evi- 
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Fig. 10. (Case 6) Polytomography of the right ear shows A) wide internal auditory canal and B) normal cochlea. In the 


left ear there is ¢ C) large vestibule and lateral semicircular canal and D) large round cochlea with no visible turns typical of 


Mondini dysplasia. 


dence of endolymphatic hydrops. The stapedes are 
normal. 

Case 8. This female was born on August 24, 1881. 
She was totally deaf from birth and was educated at 
the Horace Manr School for the Deaf in Roxbury, 
Massachusetts. No records concerning otological 
status are available, as the school records at the end 
of the 19th century contain only scholastic records 
and no medical Listory. As a child she had measles 
but no other serious illnesses. Her parents and her 
only sibling, a male, had normal hearing: and her 
only child, a dauzhter, married a man with normal 
hearing and they had four children with normal 
hearing. At the aze of 85, she died of myocardial in- 
farction and bronchopneumonia. 

The external auditory canals, middle ears and 
mastoids appear normal. The stapedial footplates of 
both ears show bony defects bridged by thin mem- 
branes (discussion in section C and Figs. 18B and 19 
of this paper). The inner ear anomalies are similar, 
but somewhat more severe on the right side. The 
cochlea of each ear is a round chamber with a 
rudimentary modiolus and spiral lamina. [t com- 
municates widely with an enlarged vestibule (Figs. 


14 and 15). The osseous lamina is short and de- 
formed and spirals one turn from the floor of the 
cochlear chamber. The cochlear duct is short but 
large. The organ of Corti, spiral ligament and stria 
vascularis are vestigial. No hair cells are present. A 
few pvknotic cochlear neurons are seen in a small 
bony canal at the base of the spiral lamina. A large 
ductus reuniens communicates with a large utricle 
and saceule. In the right ear the endolymphatic 
system is greatly dilated and the endolymphatic 
duct and sac are missing (Fig. 14). The left ear 
shows distortion but no dilation of the endolym- 
phatic system. In this ear the vestibular aqueduct 
and endolymphatic duct are short and wide and the 
endolymphatic sac is bulbous (Fig. 15). Both ears 
show immature utricular and saccular maculae 
without hair cells. The semicircular canals are pres- 
ent but the cristae are deformed and immature. A 
few vestibular nerve fibers are seen. 


The following case demonstrates bilateral Mon- 


dini dysplasia limited to the vestibular system.” 


‘The patient was presented at a clinical conference at the University of 
Geneva and his medical record is published here through the courtesy of 
Pierre Montanden and Savo Vukanovic. . 
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Fig. 11. (Case 7) Bilateral a are Audiograms (age 63) anc cochlear charts showing extent of atrophic changes 


(solid filling) at the time of c seu (age 73). 
Hary ard U ‘niversity, 1976, and Are 


Case 9. At the age of 33 this male construction 
worker experienced vertigo with nausea for three 
days. Eighteen months later he again had vertigo 
which persisted for eight days. Three months after 
that he had a third episode which lasted three days. 
Subsequently (for three months) the attacks of ver- 
tigo became more frequent and occurred for two or 
three days every week. During the episodes of ver- 
tigo he felt nauseated and was unable to walk or 
drive an automobile. Examination revealed normal! 
tympanic membranes. Audiometry shows normal 
hearing (Fig. 16). Caloric tests show a greatly 
decreased response on the right. No nystagmus was 
seen with ENG recording and eyes open. Tomo- 
graphic examination showed normal middle ears, 
cochleas and internal auditory canals. The right ear 
showed marked enlargement of the lateral semicir- 
cular canal and vestibule. The same feature, to a 
lesser degree, was seen in the left ear (Fig. 17). 


C. MONDINI DYSPLASIA AND PERILYMPHATIC 
FISTULA (CSF OTORRHEA) 


Spontaneous perilymphatic fistula and 
surgically-induced perilymphatic gusher occurring 
in Mondini dysplasia are the consequence of coex- 


isting fistulas in the medial and lateral walls of the 
$ 


A) Right ear. B) Left ear. (From: Schuknecht HF. Pathology of the ear, Cambridge: 
ee L968; 87:24-41. Cees 1968, AMA. Published with permission) 


bony labyrinth. In this paper the terms perilym- 
phatic fistula (or gusher) and cerebrospinal fluid 
(CSF) æak (or flow) are used interchangeably. It is 
quite «vious that after the first few microliters, the 
fluid which issues from an oval window fistula is 
CSF that has only passed throug) the perilymphatic 
space. 





SPONTANEOUS PERILYMPHATIC FISTULA IN MONDINI 
DYSPLASIA 


Frequently this condition is not diagnosed until 
one or nore attacks of meningitis have occurred. In 
the beginning the leak is usually asymptomatic be- 
cause tie tympanic membrane :s intact and drain- 
age of CSF through the eustachian tube is not suffi- 
ciently profuse to be noticed. While fluid in the 
middle ear would normally cause hearing impair- 
ment, his is not noticed because of the preexisting 
hearine loss caused by the Mond:ni malformation. 


Reearring meningitis as the result of perilym- 
phatie fistula may occur in both Mondini dysplasia 
in symdromes (eg, Klippel-Feil) or in Mondini 
dysplasia occurring in isolation.” 


Nuraerous reports have appeared in the literature 
deseribing meningitis or recurring meningitis 
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Fig. 12. (Case 7) Mondini dysplasia of A) right and B) left ears. Both ears have flattened short cochleas (24 mm), partly 
missing interscalar septa (arrows), large vestibules and large saccules (s). The modioli are undersized and the cochlear ducts 
are deformed. There is acidophilie staining of the endolymph of the cochlear duct and saccule of the right ear (A). The 
utrickes (u) are normal. (From Arch Otolarvngol 1968: 87:24-41. Copyright 1968, AMA. Published with permission) 


caused by spontaneous fistulae of the oval 
windows.*™® Riehards and Gibben’* treated a pa- 
tient with Klippel-Feil svndrome who had seven 
episodes of meningitis before an oval window 
fistula was discovered and surgically corrected by 
stapedectomy and a fat-wire prosthesis. Biggers et 
al“ observed a three-month-old infant with three 


attacks of meningitis and a left Mondini anomaly 
with oval window fistula. They closed the fistula by 
blocking the vestibule with oxidized cellulose and 
liaphilized collagen sponge. Hipskind et al“ 
reported two cases with meningitis from footplate 
defects treated successfully with Gelfoam® pack- 


ing in the middle ear. Both had anomalies of the 
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Fig. 13. (Case 7) A) Left ear showing a large ductus reu- 
niens. B) Configuration of the cochlear duct of the left ear, 
The length is 24 mm (normal - 32 mm) and the apical turn 
flares outward. The right ear has a similar configuration, 
(From Arch Otolaryngol 1968; 87:24-41. Copyright 1968, 
AMA. Published with permission) 


bony labyrinths of the involved ears. Wolfowitz has 
recently reported a similar case.* 


It would seem prudent to consider patients with 
known Mondini malformations as high risk candi- 
dates for the development of perilymphatic fistulae 
and to counsel them (or their parents in the case of 
children) regarding the symptoms of meningitis and 
the need for prompt therapy. 


It has been clearly documented that fistulization 
of the oval window can occur in presumably normal 
ears, as well as after head injury, impact moise, 
physical exertion and otitic barotrauma.***' It is 
highly probable that ears with Mondini malforma- 
tion are more susceptible than normal ears to 


a v 





stresses of this type and it may be prudent to recom- 
mend restriction from certain activities such as 
scuba diving, high diving, parachute jumping, ski 
jumpirg, flying in nonpressurized aircraft, boxing, 
wrestling and karate, and to avcid impact noise as 
well as occupations requiring environmental 
pressumzation or depressurization. 


Anomaies of the footplate are readily apparent 
in someears with Mondini dysplasia. The left ear of 
the case 5 patient shows total absence of the stapes. 
A thir membrane stretches from the posterior 
margir of the oval window to the base of the 
cochhearizorm process resulting in an ectasia of the 
perilyrapkatic space into the middle ear (Fig. 18A). 
Both featplates of case 8 show large marginal and 
central bony defects bridged by thin membranes 
which alge outward (Figs. 18B and Fig. 19A). 








It seems probable that the site of leakage in the 
medial wall of the labyrinth is a fistula of the 
modiolus rather than a patent cochlear aqueduct. 
This supposition is based on the -ollowing observa- 
tions: a histological studies of ears with severe 
Moncini dysplasia frequently show thin fragile- 
appearng bony shelves between their internal 
auditory eanals and deformed cochleae (Fig. 19B); 
b) large patent cochlear aqueducts are a rare 
histological finding in Mondini dysplasia; and c) the 
gush of CSF which may follow surgical opening of 
the oval window seems too profuse to be accounted 
for by a patent cochlear aqueduct (Fig. 20). 


Other sites of leakage such as Hyrtl’s fissure, the 
petromastoid canal and facial canal, as described 
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Fig. 14. (Case 8) Severe Mondini dysplasia, right ear. There is a bulbous cochlea with rudimentary modiolus, large 
vestibule and defective stapes footplate. The endolymphatic system is dilated and the endolymphatic duct and sac are miss- 
ing. A higher power view of the oval window is seen in Fig. 18 B. 


by Gacek and Leipzig,” have not been described in 
Mondini dysplasia. 


SURGICALLY-INDUCED PERILYMPHATIC FISTULA IN 
MONDINI DYSPLASIA 


It is a well-documented observation that a pro- 
fuse gush of CSF may follow fenestration or 
removal of the footplate of the stapes in an ear with 
a known congenital defect of the middle ear and/or 
inner ear.*°* Daniilidis et al” reported two such 
cases, one of which occurred on removal of a fixed 
stapes in a patient with Klippel-Feil syndrome. 
Nance et al? identified an X-linked syndrome 
which was characterized by severe mixed deafness, 
vestibular abnormalities, congenital fixation of 
stapes and perilymph gusher on fenestration of the 
oval window. 


DIAGNOSIS OF PERILYMPHATIC FISTULA 


The term perilymphatic fistula properly denotes 
a fistula of the perilymphatic space. The term 
perilymph fistula is inappropriate because (after the 
first few microliters) the fluid issuing from the 
fistula is CSF. The diagnosis of perilymphatic 
fistula depends upon astute clinical acumen based 
on history, otological examination and laboratory 
tests, 


The history and findings of perilymphatic fistula 
are greatly influenced by the functional integrity of 
the ear. Ears with auditory and vestibular function 
may exhibit hearing loss and/or vertigo. Sudden or 


fluctuating sensorineural hearing loss may be the 
only auditory manifestation of a perilymphatic 
fistula. Vestibular symptoms if present, often con- 
sist of episodic vertigo or unsteadiness, and the 
fistula test (Hennebert’s sign) is frequently positive. 
It is possible that these symptoms are caused by air 
bubbles in the perilymphatic space (pneumo- 
labyrinth). A history of clear fluid dripping from 
the nose with the head flexed forward and down- 
ward is suggestive of perilymphatic fistula. 
Otological examination may reveal a fluid-filled ear 
or fluid lines on the tympanic membrane. There 
mav be no abnormal findings if the leakage of fluid 
is minimal. A history of drainage of clear fluid from 
the nose is significant. Any patient who develops 
meningitis (particularly recurring meningitis) in the 
presence of a hearing loss must be suspected of hav- 
ing a perilymphatic fistula. The recognition of a 
syndrome, particularly Klippel-Feil syndrome, in 
association with auditory and/or vestibular symp- 
toms is also of diagnostic significance. 


Meningitis, of course, must be treated promptly 
and aggressively with appropriate antibiotics. Sur- 
gical closure of the fistula should be undertaken im- 
mediately after complete recovery from meningitis, 
and antibiotic therapy should be continued through 
the period of convalescence following surgery. 
Polytomographic studies of the temporal bones will 
reveal all but the most minimal forms of Mondini 
malformation. Posterior fossa myelography is usual- 
ly not helpful. The final confirmatory diagnosis is 
based on exploratory tympanotomy and identifiga- 
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Fig. 15. (Case 8) Severe Mondini dysplasia, left ear. A) A small round cochlea with rudimentary modiolus com- 
municates widely with the vestibule. The endolymphatic duct is short and the sac is bulbous. B) Higher power view showing 
the deformed bulbous cochlea and vestibule. The utricle is large. The lateral'semicircular canal is short and wide. s - saccule. 





tion of fluid leaking from a fistula in the oval win- presenee of a leak is questionable or # the site of 
dow. A fistula in the round window or elsewhere leakage is in doubt, the fluorescein tes: (or indium 
would not be expected in Mondini dysplasia. If the radioisotope) test may be employed. 
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Fig. 16. (Case 9) This 33-vear-old construction worker 
with radiographically evident bilateral Mondini dysplasia 
of the vestibular systems has norma! hearing. (Courtesy of 
Montandon and Vukanovich) 


The fluorescein method has the advantage of be- 
ing visually detectable behind an intact tympanic 
membrane. It is performed as follows: A lumbar 
spinal puncture is performed and 9.5 ml of CSF is 
withdrawn and mixed with 0.5 ml of 10% fluores- 
cein solution, The solution is injected slowly into 
the subarachnoid space. The barrel of the syringe 
should be pulled back at the beginning of the injec- 
tion and midway through injection to insure that 
the fluorescein solution is being injected into CSF. 
The fluorescein tinted CSF will appear at the site of 
the fistula within two to three hours and will 
discolor the tympanic membrane as well as the 
nasopharynx, nose and/or throat. 


The radioisotope test is performed as follows: A 
lumbar spinal puncture is performed and 500nCi of 
indium is injected into the CSF. After a time lapse 
of six hours, blocd is acquired by venipuncture and 
fluid is removed from the ear by paracentesis. 
Radioactivity of ear fluid greater than that of the 
blood is indicative of a perilymphatic fistula. 





SURGICAL MANAGEMENT OF PERILYMPHATIC 
FISTULA OF THE OVAL WINDOW 


The potential complications of a persisting 
perilymphatic fistula are life-threatening; 
therefore, surgical correction must be adequate to 
insure permanent closure. The method of correction 
is dictated by the functional status of the ear, the 
size of the fistula, and the quantity of fluid issuing 
from the fistula. 


a. In the presence of a small fistula with a slow 
ooze of fluid it is usually sufficient to remove 
mucous membrane from the margins of the fistula 
and apply a tissue graft (eg, fibrous tissue, vein, 
adipose tissue). The same method may be adequate 
for larger fistulae with a slow ooze; however, if 
leakage continues around the graft, the stapes 
should be removed and replaced by a tissue graft 
which fills the oval window niche and is held in 
place by a prosthesis (eg, fat-wire, House loop, 
metallic or tef-wire piston), 


b. H the flow of fluid is moderate it may be possi- 
ble to arrest it by the stapedectomy and graft im- 
plant method described before; however, profusely 
flowing fistulae usually require more aggressive 
surgical techniques. For an ear in which auditory 
and/or vestibular function is to be preserved, a two- 
stage method may be used. At the first operation the 
stapes, if present, is removed, the oval window 
niche is filled with a tissue graft, and ribbon pack- 
ing is used to hold it in place (Fig. 21). At a second 
operation five to seven days later the packing can be 
removed and the tympanomeatal flap returned to 
its original location. With appropriate aseptic 
precautions the latter operation may be performed 
as an ambulatory or office procedure. A prosthesis 
to reconstruct the sound transmission system may be 
introduced at this time or at a later date. 


When preservation of auditory and/or vestibular 





Fig. 17. «Case 9) Bilateral Mondini dysplasia, vestibular systems. Polytomographic studies show enlargement of the 
lateral semicircular canals (arrows) and vestibules of both ears, more prominent on the right. (Courtesy of Montandon and 


Vukanovich) 


MONDINI DYSPLASIA 19 


MIDDLE EA 


a 
& 


Ot pean SF 


Nn o, 


OVAL WINDOW 


VESTIBULE 





a 


Fig. 18. Defective ve footplates in Mondini dysplasia. A) (Case 5)-i.eit ear. The footplate of the stapes is totally miss- 


ing. The oval window nic 


(Case 8) Right ear. The oval window is bridged by a membrane of vary: 


function is not an issue, the fistula may be closed by 

a tissue implant into the vestibule (Fig. 22). The 

stapes, if present, is removed and (without enlarg- 

ing the oval window) one or more pieces of dease 

fibrous tissue of appropriate size are forced into the 

vestibule. The author has used the method sac- 
` 








is bridged by a membrane which is located -2 mm lateral to the margins of the window. B) 





rthickness and a small remnant of footplate. 





cesstulw on several occasions to stop oval window 
CSF leaxs in nonhearing ears. Wolfowitz also 
describec this method of closure.* 


The itcllowing two cases are representative of 
spontaweous fistulae occurring in ears with Mondini 
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Fiz. 19. ¿Case 8) Mondini dys lasia, left ear. A) The oval window is bridged by a membrane of varying thickness and a 
remnart of footplate. B) The modiolus is grossly hypoplastic (arrows) and appears fragile. s - saccule. 


dysplasia.* While the promontory was removed in Case 10. This two-year-old female had three 
these two cases, it would not have been necessary to episodes of pneumococcal meningitis during the 


do so. course of one year. Each attack was readily con- 
trolled with antibiotics. Polytomographic studies 

*These patieats were reierred by R. Katz to W. Montgomery for surgery revealed a classical right Mondini malformation 
at the Massachasetts Eve and Ear Infirmary. showing an enlarged vestibule confluent with an 
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Fig, 20. Routes by which CSF may pass through the 
perilymphatic space to reach the oval window. 





enlarged lateral semicircular canal and a round 
cochlear chamber with a single coil. Posterior fossa 
myelography showed normal filling of the right in- 
ternal auditory canal. No audiometric tests were 
performed. Fluorescein dye was injected into the 
subarachnoid space. A right exploratory tym- 
panotomy was performed the following day. No 
fluorescein dye was found in the middle ear. There 
was a large bony defect of the footplate which was 
bridged by a thin membrane. Puncturing this mem- 
brane caused a profuse flow of fluorescein tinted 
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Fig. 21. When hearing is to be preserved, a twe-stage 
method may be needed to close a “gushing” perilymphatic 
fistula of the oval window. A) At the first stage a tym- 
panomeatal flap is elevated and an autogenous tissue graft 
(fat, fibrous tissue, vein) is placed into the oval window 
niche and held in place by a ribbon packing. The tym- 
panomeatal flap remains in the reflected position. E) Ata 
second stage, five to seven days later, the ribbon packing is 
removed and the tympanomeatal flap is replaced to its nor- 
mal position. A strut to repair the sound transnaission 
system may be introduced at this time or at a later date. 
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Fier, 22, Perilymphatic fistula of the oval window occur- 
ring n-a nonhearing ear can be managed quite simply by 
exposing the middle ear through a tynpanomeatal flap ap- 
proach and forcing a firm bolus of subcutaneous fibrous 
tissue torough the oval window inte the vestibule. 


fluid. A drill was used to remove the promontory 
between the two windows revealing a large 
vestibele and a single coil of cochlea. The labyrinth 
and meddle ear were obliteratec. with an abdominal 
fat greft. The child has had no further attacks of 
meninai-is in the ensuing six years. 


Case *1. This patient had a profound right sen- 
sorinearal hearing loss of unknown cause, first 
noted ir early childhood. He experienced several 
episodes of otitis media in both ears during 
childhocd with no complications. At the age of 37 
he developed right otalgia which was followed in 12 
hours b” progressive headache, nausea, vomiting, 
confusen and coma. Lumbar puncture revealed 
pneumococcal meningitis. He responded rapidly to 
approər ate antibiotic therapy and was ambulatory 
six dars later. It was noted, hcwever, that he now 
hac a ‘low of clear fluid from his nose. Indigo car- 
mine ey instilled into the subarachnoid space via a 
spinal tap rapidly appeared behind the right tym- 
panic membrane and in the nasopharynx. Polyto- 
mograpaic studies showed a classical right Mondini 
malfomr ation. There was an enlarged vestibule and 
lateral semicircular canal, and a globular cochlea 
having a single turn of osseous spiral lamina. 
Audiometry revealed a profound hearing loss in the 
right «ac and a mild high tone hearing loss in the 
left egr. One month later flucrescein dye was in- 
jected iato the spinal subarachnoid space and the 
following day a right exploratory tympanotomy 
was pesformed. The middle ear was filled with 
fluorescein stained fluid. The anterior half of the 
footplate was missing and from the opening issued a 
profuse ‘low of fluorescein stained fluid. The stapes 
anc iacus were removed. The promontory was 
removec with a burr, revealing a malformed 
vestibule and a cochlea havirg only part of one 
turn. TE 





TFere was-profuse drainzge of fluid from the 
cochlear part of the inner ear. An abdominal fat 
graft vas used to obliterate the labyrinth. There 
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have been no further attacks of meningitis in the en- 
suing six years. 


D. SUMMARY 


Mondini dysplasia is characterized by bony and 
membranous anomalies of the inner ear exhibiting a 
wide range of mozphological and functional abnor- 
mality. Typically the cochlea is flat, the cochlear 
duct is short, the auditory and vestibular sense 
organs and nerves are immature, the vestibule is 
large, the semicircular canals are wide, small or 
missing and the endolymphatic sac is bulbous. In- 
complete expressicns of the disorder may occur with 
little or no loss oz auditory or vestibular dysfunc- 
tion, while severe forms show no hearing or 
vestibular response. 


The disorder may occur in association with 
anomalies in other organs, such as in Klippel-Feil 
syndrome, Pendred’s syndrome, trisomy syndrome, 
and DiGeorge’s syndrome, or it may occur in isola- 
tion. It may occur in one or both ears and is readily 
diagnosed by polytomographic radiologic studies. 


In some cases the footplate of the stapes is partly 
or totally replaced by a thin membrane which may 
rupture and lead to spontaneous CSF otorrhea and 
meningitis. The quality of auditory and vestibular 
function will determine the method of surgical 
closure. Usually ears developing such fistulae have 
no auditory function and the leaks are permanently 
stopped by simply introducing an autogenous soft 
tissue graft through the oval window into the 
vestibule. 
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AMPICILLIN RESISTANCE IN HAEMOPHILUS 


(Percentages are ampicillin-resistant H. influenzae isolates* ) 
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*|solates obtained from a variety of body fluids (Such as middle-ear exudate and blood). 
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For two-handed nasal surgery! 


e Permits surgeon to operate with both hands while retractor provides excellent view 
of operative field. 

e Especially effective for nasal polypectomies, nasal turbinate procedures, transnasal 
sinus surgery; biopsies and excisions of 
intranasal lesions. 

e Offers superior exposure of surgical site. 

e Third blade retracts lateral nasal alar rim. 

e Convenient removal of pathology. 

e Attaches to headband on patients head. 

e Can be rotated 360° and angulated to any position. 

e Can be rotated to either nasal vestibule with ease. 


Catalog #OK 018 Mittelman Retractor $154.00 
Catalog #AC 413 Headband $ 12.75 


For complete details, contact your AESCULAP® 
representative or the AESCULAP” office nearest you. 


San Francisco: 
why 807 Grandview Dr., So. San Francisco, CA 94080 


4: (R) Telephone: (415) 952-3700 
S New York: 
l 235 Park Avenue South, New York, NY 10003 
Telephone: (212) 675-3700 
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CATIONS: Relief of nasal 
estion or eustachian 
congestion. May be 

1 concomitantly with 
jesics, antihistamines, 
ctorants and antibiotics. 
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For relief of nasal and eustachian tube congestion 





eudoephedrine HCI 


120 mg controlledvelease decongestant 


ffective reliet of congestion. 
Starts with the first hour... 
continues for 12 full hours. 
Without drowsiness. 














Just on= capsule every 12 hours. 





VoSol® Otic Solution 
(acetic acid-nonaqueous 2%) 


VOSol® HC Otic Solition 
(hydrocortisone 1%, acetic acid- 
nonaqueous 2% ) 


Description: VOSo! is a non-aqueous solu- 
tion of acetic acid (2%), in a propylene 
glycol vehicle containing propylene glycol 


diacetate (3%), benzethonium chloride 
H l LG E R (0.02%), and sodium acetate (0.015%). 
5 V6Soi HC also contains hydrocortisone 
FA C | A L N E RV E (1%) and citric acid (0.2%). 
i Action: VõSol is anti-bacterial, anti-fungal, 
S l M U L ATO R hydrophilic, has an acid pH and a low sur- 


face tension, 





VOSol HC is, in addition, anti-inflammatory 
and anti-pruritic. 


the original, accepted 
instrament for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 









Indications: (VOSol only) 
Based on a review of this drug 
by the National Academy of 
Sciences— National Research 
Council and/or other informa- 
tion, FDA has classified the indi- 
cations as follows: 

Effective: For the treatment of 
superficial infections of the 
external auditory canal caused 
by organisms susceptible to the 
action of the antimicrobial. 
“Possibly” effective: For pro- 
phylaxis of otitis externa in 
swimmers and susceptible 
subjects, 

Final classification of the less- 
than-etfective indication 
requires further investigation. 




















MODELS 2 AND 2R 


Indications: (VGSo! HC only) For the treat- 
ment of superficial infections of the exter- 


Recog ized for its precision and reliability, nal auditory canal caused by organisms 
the HAGER FACIAL NERVE STIMULATOR susceptible to the action of the antimicro- 


, a saree , uy bial, complicated by inflammation. 
is th. orginal instrument designed for clinical Contraindications: These products are 





evataation of the facial nerve, clinical contraindicated in those individuals who 
testing @f muscle tissue viability and for nerve have shown hypersensitivity to any of their 
ident “ication and testing during surgery. components, perforated tympanic mem- 
l aS branes are frequently considered a con- 
The tast-ument features unique circuitry traindication to the use of external ear 
specially-engineered to facilitate very accurate canal medication. V6Sol HC is contrain- 
cursem measurements with readings dicated In vaccinia and varicella, 
statistically valid through the range of 0.3 to Precautions: VOSo! HC: As safety of topi- 


$ r , cal steroids during pregnancy has not 
10.0 m liamperes used for clinical testing. been confirmed. a ap a beused 


Mode! 2 5 furnished with a replaceable battery, for an extended period during pregnancy. 
Mode! 2R with a rechargeable battery. Systemic side effects may occur with 


i . extensive use of steroids. 
Both mee s are equipped with a battery test V6Sol and VOSo! HC: If sensitization or 


meter and are supplied with a bipolar probe irritation occurs, medication should be 
for trical testing and a pencil-sized discontinued promptly. 
probe fe: surgical use. The transistorized units Dosage and Administration: Carefully 
are compact and lightweight for use in remove all cerumen and debris to allow 
cffice or operating room. V6Sol (or V6So! HC) to contact infected 


surfaces immediately. To promote contin- 
uous Contact, insert a VOSo! (or V6Sal HC) 
Detailed information is available from — saturated cotton wick in the ear with 
instructions to the patient to keep wick 
' ` moist for the next 24hours by occasionally 
| M E D l C A L adding a few drops on the wick. Remove 


ELECTRONICS CO. ins 5 drops of V3Sol (or öso HC) iee 


1995 WEST COUNTY ROAD B-2 - oe wet Hieber 
FJa WE i : During treatment, to prevent infection of 
ST PA n | Ne Als 59113 the other ear, use VOSol in unaffected ear 


jE ERCIAL NERVE NONITOR 3 times daily. To help prevent otitis externa 


in swimmers and susceptible subjects 
: R f ; = S 
WR SURGICAL NERVE STIMULATO instill two drops of VōSol each morning 


and evening. 

How Supplied: V6So! Otic Solution, in 15 
mi (NDC 0037-3611-10) and 30 mi (NDC 
0037-3611-30) measured-drop, safety-tip 
plastic bottles. 

VOSo! HC Otic Solution, in 10 mi mea- 


sured-drop, safety-tip plastic bottle (NDC 
0037-3811-12). 
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POPE OTO-WICK 


The preferred medication vehicle for otitis externa. 





The Pope Oto-Wick,™ designed by a physician for physicians, is a remarkable development 
in the treatment of otitis externa. Made of highly compressed hydrocellulose or Merocel, it 
expands when moistened with aqueous solutions and serves as a vehicle for applying medica- 
tion evenly throughout the ear canal. When glycol-based solutions are used, the Oto-Wick* 
should be expanded first with sterile water. It has become the preferred wick for these reasons: 


e Provides immediate relief from discomfort 

e Allows even distribution of medication 

¢ Remains moist with medication for prolonged periods of time 
e Applies even, soothing pressure to inflamed canal tissue 

e Hollow center facilitates hearing during treatment 

e Oto-Wick won't fall out as edema subsides 

e Easily inserted 





Availability: 
Merocel — Ster le singles (XO-0108); and bulk 1005s (XO-0109) 
Hydrocellulose — Sterile 5s (XO-0106); and bulk 200% (XO-0107) 


Designed by T. Pope, M. D., Purham, North Carolina 
*U. S. Patent Nos. 4,034,759 and 4, 159,719 
Merocel® is a registered trademark: of the Americal Corp. 


For additional information, the name of your local 
Territorial Sales Manager and/or nearest dealer, call 
(800) 874-5797 (in Florida call (904) 737-7900 we 
collect); TWX (810) 327-6439; or write Xomed Inc., re r 
8641 Baypine Road, kacksonville, Florida 32216. et 





I NOLAIMAINE 


(TIMED RELEASE TABLET) 





“A BRIGHT NEW DAY” 


symptomatic relief in nasal congestion associated 
with the common cold, in sinusitus, in hayfever 
and other allergies. 


References: 1.Grollman, A., “How Drugs Work; The antihistamines,” Consultant, Volume 14, No. 8: pp 
102-104, 1974. 2. Martindale: The Extra Pharmacopoeia, 26th Edition: pp 1537, 1559-1560, The 


Pharmaceutical Press 1972. 3. Osol, 


A., Pratt, R, and Altschule, M.D.: The United States 


Dispensatory and Physicians’ Pharmacology, 26th Edition: p 884, J.B. Lippincott Company 1967. 4. 
Drills’ Pharmacology in Medicine, 4th Edition: p 1007, McGraw-Hill Book Company 1971. 


EACH NOLAMINE TABLET CONTAINS: 


PHENINGAMING tartlale....sccececevsneees 24 mg. 
Chlorpheniramine maleate .............. 4 mg. 
Phenylpropanolamine hydrochloride ..... 50 mg. 


Formulated to provide 8 to 12 hours of continuous 
relief. 


DOSAGE: Usual adult dose: Orally, one tablet every 
8 hours. In mild cases, every 10 to 12 hours. 


CAUTION: Federal law prohibits dispensing without 
prescription. 


SIDE EFFECTS: Drowsiness, tremors, dizziness and 
nervousness may occur occasionally. 


PRECAUTIONS: Antihistamines may cause drow- 
siness and should be used with caution in patients 
who operate motor vehicles or dangerous 
machimery. Use with caution in patients with 
hypertemsion, hyperthyroidism or cardiovascular 
disease. 


PACKAGING: Bottles of 50 and 250 pink timed- 
release tablets. 


CARNRICK LABORATORIES, INC. 
Pharmaceu ticals since 1899 
65 HORSE HILL ROAD, CEDAR KNOLLS, NJ 07927 
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When a cold strikes 
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Taken for relief of nasal congestion during five Apollo missions. 


ACTIFED* Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

“Probably” effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 
*“Lacking substantial evidence of effectiveness as a fixed 
combination”: For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications re- 
quires further investigation. 











CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 


Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 

Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 


Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine. 
and veratrum alkaloids. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3, Haimätlogie System: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 





nervousness, tremar irritability, insomnia, euphoria, paresthesias, 
blurred vision, dipiagia, vertigo, tinnitus, acute labyrinthitis, 
hysteria, neuritis, cæ vulsions, CNS depression, hallucination. 
5. G.I. System: Epssastric distress, anorexia, nausea, vomiting, 
diarrhea, constipatien. 

6. G.U. System: Urmary frequency, difficult urination, urinary 
retention, early memses. 

7. Respiratory Sysæm: Thickening of bronchial secretions, 
tightness of chest e~d wheezing, nasal stuffiness. 
OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depession to stimulation. Stimulation is 
particularly likely ineahildren. Atropine-like signs and symptoms: 
dry mouth; fixed, disated pupils; flushing; and gastrointestinal 
symptoms may-alse Dccur. 


If vomiting has nat æcurred spontaneously the patient should be 
induced to vomit. Pcautions against aspiration must be taken, 
especially in infantsnd children. If vomiting is unsuccessful 
gastric lavage is ineteated within 3 hours after ingestion and even 
later if large armours: of milk or cream were given beforehand. 
Isotonic and 1/2 isetonic saline is the lavage solution of choice. 


Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel comtert. Stimulants should not be used. 
Vasopressors may ke used to treat hypotension. 

DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized accordingate :he needs and the response of the patient. 


Syrup 
Tablets teaspoonfuls (5 cc) 
Adults and childres 


12 years and oir Pd 


Children 6 to 
12 years 1/2 3-4 
Children 4 to í 


1 
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Usual Dose: 















6 years /4 
Children 2 to day day 
4 years 1/2 
Children 4 months 
to 2 years 


HOW SUPPLIED: 
Actifed® Tablets— Bettles of 100 and 1000; unit dose pack of 100. 
Actifed® Syrup — Beatles of 1 pint and 1 gallon. 


Unit of Use: 
Tablets — Bottles of 0 and 100 with child-resistant cap 
Syrup — 4 oz botttesrith child-resistant cap. 


Reference: 1. Jahnsen RS, Dietlein LF, Berry CA (eds): 
Biomedical Result- >f Apollo. Washington, DC, National 
Aeronautics and Spece Administration, 1975, p 63. 


ACTIFED 


Each scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg, 
SUDAFED® (pseucc=phedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains A_TIDIL® 1.25 mg and SUDAFED® 30 mg. 


Tablets/Syrup 


You can count on it. 
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o time for vertigo. 


= Most Widely Prescribed —Antivert is the 
most widely prescribed agent for the management 
of vertigo* associated with diseases affecting 

the vestibular system such as Menieére s disease, 
labyrinthitis, and vestibular neuronitis. 


u Relief of Nausea and Vomiting—Antivert/25 
can relieve the nausea and vomiting often associated 
with vertigo* 

e Dosage for Vertigo*—The usual adult dosage 
for Antivert/25 is one tablet t.i.d. 

BRIEF SUMMARY OF PRESCRIBING INFORMATION 
J| INDICATIONS. Based on a review of this drug by the National 


Academy of Sciences — National Research Council and/or other infor- 














mation, FDA has classified the indications as follows 

Effective: Management of nausea and vomiting, and dizziness asso- 
ciated with motion sickness 

Possibly Effective: Management of vertigo associated with diseases 
affecting the vestibular system 

Final classification of the less than effective indications requires 
further investigation 


CONTRAINDICATIONS. Administration of Antivert (meclizine HCl) 


during pregnancy or to women who may become pregnantiscontraindicated 


in view of the teratogenic effect of the drug in rats 

The administration of meclizine to pregnant rats during the 12th-15th day 
of gestation has produced cleft palate in the offspring. Limited studies 
using doses of over 100 mg/kg/day in rabbits and 10 mg/kg/day in pigs 
and monkeys did not show cleft palate. Congeners of meclizine have 
caused cleft palate in species other than the rat 

Meclizine HC! is contraindicated in individuals who have shown a 
previous hypersensitivity to it 
WARNINGS. Since drowsiness may, on occasion, occur with use of this 
drug, patients should be warned of this possibility and cautioned against 
driving a car or operating dangerous machinery 

Usage in Children: Clinical studies establishing safety and effectiveness 
in children have not been done; therefore, usage is not recommended in 
the pediatric age group 

Usage in Pregnancy: See “Contraindications. 
ADVERSE REACTIONS. Drowsiness. dry mouth and, on rare occasions, 
blurred vision have been reported ROeERIG Pfizer, 
More detailed professional information 
A division of Pfizer Pharmaceuticals 


available on request New York New York 1001 7 


Accept no substitutes, specify... 


Antivert/25 


j (meclizine HCl) 25 mg Tablets 
for vertigo 





Illustration: Chicago ironworker 
laborsona pedestal high above the city 
to dismantle old antenna (Courtesy 


of Chicago Tribune) 
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MUCOEPIDERMOID CARCINOMA OF THE LARYNX 
A CASE REPORT AND REVIEW OF THE LITERATURE 


PETER SOM, MD 
New York, NEW YORK 
HUGH F. BILLER, MD 


New York, NEW YORK ° 


WILLIAM T: BINDER, MD 
Los ANGELES, CALIFORNIA 
MAMORU KANEKO, MD 


New York. NEw YORK 


A case report of mucoepidermoid carcinoma of the larynx is presented ar= the literature reviewed. The inherent difficulties in 
histologic diagnosis are noted and the clinical behavior and treatment of mucoepedermoid carcinoma are discussed. At the present time, 
mucoepidermoid carcinoma of the larynx should be regarded as a separate enti=, its treatment based on histological grade as well as 


clinical behavior. 


Salivary gland malignancies of the larynx are 
unusual tumors comprising less than 1% of all 
laryngeal neoplasms.'? New and Erich first brought 
attention to adenocarcinoma of the larynx in 1941.° 
Toomey did a comprehensive review of the 
literature between 1892 and 1965.* He found 96 
cases of which only 37 were presented in sufficient 
detail to allow a retrospective analysis. In this series 
there were no reports of mucoepidermoid car- 
cinoma. Subsequent series have shown that approx- 
imately two thirds of the cases histologically are 
adenocarcinoma and the majority of the remaining 
cases are adenoid cystic carcinomas.' The literature 
has scattered reports of oncocytoid carcinoma, 
malignant mixed tumors, metastatic carcinoma, oat 
cell carcinoma and mucoepidermoid carcinoma of 
the larynx.*-* Mucoepidermoid carcinoma was first 
described as a separate entity in 1945.’ Since then 
15 cases of mucoepidermoid carcinoma of the 
larynx (including the present case) have been found 
in the literature.?''"'S Based on these reports we 
believe that mucoepidermoid carcinoma of the 
larynx is an unpredictable entity and its clinical 
significance is determined by multiple factors. 


CASE REPORT 


The patient is a 55-year-old Caucasian male who 
presented with an eight-month history of pro- 
gressive hoarseness and increasing dyspnea, 
necessitating tracheostomy. He was admitted for 
treatment, and laryngoscopic examination revealed 
a lesion involving both true cords extending to the 
vocal process on the left and including the anterior 
commissure. The upper surface of a large subglottic 
mass was seen almost to occlude the tracheal lumen. 


A laryngogram (Fig. 1) revealed a “horseshoe” 
type lesion extending over both true cords. The 
mass was bulky in appearance and the majority of 


the lesio- was subglottic, measuring 2 cm in vertical 
height. fhe frontal films revealed almost complete 
side-to-sdle occlusion of the subglottis and the 
lateral and oblique films demonstrated the 
“horsestoe” nature of the tumor. 


At biapsy the mass was found to be extremely 
hard im consistency. The biopsy report was 
mucoep-dermoid carcinoma, intermediate grade. 
Further evaluation failed to reveal evidence of 
regional or distant metastases. 


A wice-field total laryngectomy was performed. 
The pe ‘operative course was uneventful. A one 
year fo ow-up noted the presence of regional 
metastases on the right side confined to a single 
positive node at the base of the neck. The patient 
subseqiently received postoperative radiation 
therapy and a right radical neck dissection. The left 
neck she.ved no evidence of nodal metastases. 


The zross pathology (Fig. 2) revealed a 
subepitl -lial growth involving both true vocal 
cords aì subglottis. The surface epithelium over 
the tumor was extensively ulcerated. The tumor 
was illefined, firm, grey-white and somewhat 
mucoid >n the cut surface. It measured approx- 
imately 3 cm in greatest diameter. It invaded the 
thyroid «artilage. 


Micrcscopically, (Fig. 3) the tumor showed an ill- 
defined infiltrative border. Remnants of normal 
seromuemous glands were present in the periphery 
of the temor. It was composed of mucous cells and 
epidern @id cells. The former tended to form glands 
of varymg shapes and sizes. The cells were mostly 
cuboidal, occasionally columnar, and had a pale to 
almost =ear cytoplasm. Goblet cells were scarce. 
Mucica-mine stain demonstrated both intracyto- 
plasmic and intraluminal mucin. The nuclei were 
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“ig. 1. Laryngogram: A) Lateral view shews a lobular transglottic mass. B) AP view demonstrates extensive side to side 
subglottic marrowing. C) Right anterior oblique. D) Left anterior oblique demonstrates “horseshoe” configuration of tumor, 


small, round and exhibited mitotic figures infre- 
quently. The epidermoid cells generally formed 
solid nests though they also frequently coexisted 
with mucous eels lining the same glands. The cells 
were moderately differentiated, some showing in- 
tercellular bridges but not keratinizing. Mitotic 
figures were more frequent in the epidermoid cells 
than in mucinous cells, Intermediate cells were not 
the prominent feature in this tumor. Both neo- 
plastic glands and epidermoid nests were widely 
separated by dense fibrous stroma which was in- 
filtrated by a small number of lymphoid cells. 


DISCUSSION 


Mucoepidermoid carcinoma is classified with 
minor salivary gland tumors or adenocarcinoma of 
the upper respiratory tract. Similarities between 
adenocarcinoma and mucoepidermoid carcinoma 


are, respectively, age distribution (mean 62 and 58 
vears), and male predominance (over 85%, and 
100%). There has been shown to be no association 
with the use of alcohol or tobacco. Adenocar- 
cinomas predominate in the supraglottic larynx 
while adenoeystic carcinomas are more common 
subglottically. Ten reported cases of mucoepider- 
moid carcinomas were supraglottic, two were glot- 
tic and three subglottic (including the present case, 
which was both glottic and subglottic). These find- 
ings are in close agreement with the histologic 
distribution of the laryngeal seromucinous glands 
which have their greatest concentration in the false 
cords, ventricle and aryepiglottic folds.'® 


Adenocarcinomas are traditionally described as 
hard, nonulcerated, submucosal masses with either 
a smooth or granular surface with minimal or no 
ulceration of the overlying mucosa. However, in 


+ 


MUCOEPIDERMOID CA OF Liki YNX 105 





Fig. 2. Gross specimen viewed from behind showing 
glottic and extensive subglottic involvement of the larynx, 


one series most patients with adenocarcinoma of the 
larvnx bad sizable exophvtic or ulcerated masses." 


There are three basic cellular elements en- 
countered in mucoepidermoid carcinoma. They are 
the mucous, the intermediate and the squamous 
cell. M: coepidermoid carcinoma is then graded 
either aslow, intermediate, or high grade according 
to the morphologic pattern anc predominant cell 
type. Hewever, the different histological criteria 
used to cefine mucoepidermoid carcinoma are 
reflected in the difficulties encountered in predict- 
ing presnosis and thus choosing modalities of 
therapy. In one series the neoplasms that had 
predominant squamous cell growth with scattered 
cells containing mucicarmine-positive cytoplasm 
were nat included as mucoepidermoid carcinoma." 
Others ave classically included this group as high 
grade m.acoepidermoid carcinoma.’ There is fur- 
ther cop-usion with the entity of adenosquamous 
cell carcnoma. Cytologically it is similar to a high 
grade mucoepidermoid carcinoma. However, 
Gerugh*~ et al believe the morphologic pattern is 
distinctimely different.’ Both entities have a poor 
prognosi: with a high rate of metastatic spread. 





The owerall prognosis for all adenocarcinomas of 
the laryra is poor. In the series of Spiro et al, only 2 
of 18 cases were cured. Eleven patients died within 
five vears.'’ Mucoepidermoid carcinoma survival 
rates of the head and neck vary from study to study. 





Fig. 3. Photomicrographs: A) Tumor showing glandular structures of varying shapes and sizes. They are lined by mostly 
cuboidal mucous cells. Glands are separated by a dense fibrous stroma (B & E, x40). B) Tumor showing solid nest of 
nonkeratinizing epidermoid cells. In left lower corner remnants of seromucinc.s glands are present. A few mucinous cells are 
detected within squamous cell nests by mucicarmine stain (H & E, x40). 
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TABLE 1. REPORTED CASES OF MUCOEPIDERMOID CARCINOMA OF THE LARYNX 


arive ane imron en tn an asa NAR Bre a a a va a aaa reee UPWARD psy mai vn do A A IE BOA A ALG. san ad inn 4 e aA 


é.uthor Grade of Tumor _ Site 

Arcidiacor a & Lonzo '° NI False Cord 

Cady et aF NI Epiglottis 

Cady et aF NI Anterior Commissure 

Muratti"' NI AE Fold & False Cord 

Thomas”? High Epiglottic 

e 

Thomas’? Low Glotric with Subglottic 
Extension 

Davis & Marcus”? NI Transglottic 

Tomita et al? Low Subglottic 

Present Case Intermediate Subglottic 

Whicker et al" NI Supragiottic (5 cases) 


Sabalottic (1 case} 


Spread RX Clinical Course __ 
NI Total 3 yr follow-up NED 
Laryngectomy 
Neck & bone Total DOD-7 months 
Mets Laryvngectomy 
NI Total NED-10 vears 
Laryngectomy 
NI Partial “Cured” 
Laryngectomy 
NI Supraglottic NED-2 vears 
Laryngectomy 
NI ae Died of M.I. 
8100 Rac 2 vears-NED 
NI Total Greater than 2 years 
Laryngectomy NED 
& RND 
NI Total Greater than 2 years 
Larvngectomy NED 
Neck Mets. 9 Total No further spread at 
months postop Laryngectomy l vear 
3 with cervical No follow-up 


Mets. 


NI - Ne inforreation: Mets. - Metastases: DOD - Dead of disease; NED - No evidence of disease: AE - Aryvepiglottic: M.L - Myocardial infarction; RND - 


Radical neck disseetion. 


Three series reported an 88.5% five-year survival 
rate.*°** However, when broken down te histologic 
grade Rosenfeld et al had a five- and ten-year sur- 
vival raze of 100% for low grade muccepidemoid 
carcinoma and 29% and 11%, respectively, for five 
and ten years for the high grade variety. Others 
have confirmed the marked difference in survival 
and bio:ogical >otential between the high and low 
grade mucoepidermoid carcinomas.** The present 
case was Classified as intermediate grade mucoepi- 
dermoic carcinoma but it behaved in a locally ag- 
gressive Manner. 


Overell, the prognosis for mucoepidermoid car- 
cinoma of the larynx, irrespective of grade of 
tumor, $ better than adenocarcinoma of the larynx. 
Of the 15 patients with mucoepidermoid carcinoma 
of the larynx, there was one reported ceath from 
the primary disease. One patient died of a myocar- 
dial infarction two years after treatment, with no 
evidence of recurrence at the time of death. Two 
patients were cured, four patients whe were fol- 
lowed for at least two years and one patient who 
was followed for 12 months showed evidence of 
regional metastases. There was no follow-up for six 
patients (Table 1). 


The treatment of choice for adenocarcinoma of 
the larynx is primarily surgical. Partial laryngec- 
tomy is advocated for the undifferentiated 
adenocarcinomas found predominantly in the 
supraglettis. Total laryngectomy is advocated for 
adenoid cystic carcinoma due to subglottic predilec- 
tion and high .ocal recurrence rate. Radiotherapy 
has beem used sporadically with or without surgery. 
The treatment of mucoepidermoid carcinoma of the 
larynx is based on histological grading as well as 


anatomical location. It consists of partial laryngec- 
tomy for low grade tumors found primarily in the 
supraglottis and total laryngectomy for subglottic 
and larger lesions. High grade mucoepidermoid 
carcinoma requires radical excision with neck 
dissection, in the presence of palpable nodes.*:?°:?3 


At the present time there are too few cases and in- 
adequate follow-up to determine the benefits of 
elective radical neck dissection for high grade 
mucoepidermoid carcinoma of the larynx in the 
absence of palpable nodes. However, if it is found 
that high grade tumors in the larynx behave in a 
similarly aggressive manner as they do elsewhere in 
the head and neck, then elective radical neck dissec- 
tion would be an indicated modality of therapy. 


Mucoepidermoid carcinoma is only moderately 
radiosensitive, but radiotherapy has been used as 
pre- or postoperative adjunctive therapy for high 
grade malignancies in an attempt to increase cure 
rate." However, no conclusion about the effect of 
radiotherapy can be made at this time. 


CONCLUSION 

A case of mucoepidermoid carcinoma of the 
larynx is presented. The “horseshoe” configuration 
and degree of subglottic extension were well 
delineated by laryngography. The difficulties in 
precise histological diagnosis are noted. A review of 
the literaure points out that mucoepidermoid car- 
cinoma of the larynx behaves in a characteristically 
unpredictable manner. Therefore, until more data 
are accumulated each tumor should be treated as a 
separate entity, based on histological grading and 
clinical stage of the tumor. 
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LURIE LIBRARY FUND 


Many inquiries have been made about a memorial fund to which friends and ceileagues of Dr. Moses Hyman Lurie could contribute. 
Shortly before his death Dr. Lurie established a modest fund for the purchase: of books in Otolaryngology for the Library at the 
Massachusetts Eye and Ear Infirmary. The Library Committee of the Infirmary haswerified that donations can be made in memory of Dr. 
Lurie to this fund. Contributions may be sent to the “Lurie Library Fund,” in careeof Mr. Charles Snyder, Librarian, Massachusetts Eye 


and Ear Infirmary, 243 Charles St., Boston, MA 02114. 
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EXTRACRANIAL SURGICAL REPAIR OF 
CEREBROSPINAL RHINORRHEA 


THOMAS C. CALCATERRA, MD 


LOS ANGELES, CALIFORNIA 


A spinal fluie leak from the intracranial space to the nasal respiratory tract is potentially very serious because of the risk of an ascend- 
ing infection which could produce fulminant meningitis. Cerebrospinal rhinorrhea typically stems from a complication of head trauma. 
and fortunately tuese leaks tend to heal spontaneously. In a smaller percentage of cases, intracranial lesions or congenital osteomeningeal 
defects are harbored, allowing spinal fluid to enter the nasal cavity, and patients with this condition rarely heal without operative in- 
tervention, Successful repair of a dural defect mandates precise anatomic localization of the leakage site. Although radioisotopes have been 
a popular methoc of documenting and localizing a spinal fluid leak, they do not provide the topographic accuracy of intrathecal dyes such 
as fluorescein. The author not only employs this dve during the preoperative localization of a leak but also uses it intraoperatively to im- 
prove visualization of the leakage site and to plan a method of repair. The operating microscope also seems to facilitate visualization of the 


leak and enables 3e:ter manipulation of grafts and flaps. 


Leakage of spinal fluid from the confines of the 
skull into the nose has long been a matter of grave 
concern. The earliest theories held that a normal 
communicatien existed between the spinal fluid 
space and the rose. Indeed, in the second century 
AD, Galen theorized that cerebrospinal fluid (CSF) 
was periodically purged by way of pituitary and 
ethmoid regiens into the nose.' Until the 17th cen- 
tury it was be ieved that there was normal free com- 
munication between the brain and the nose, but in 
1655 Schneider published a refutation of this con- 
cept.’ The first comprehensive description of a CSF 
leak is credited to Miller? who in 1826 described a 
hydrocephalie child with an intermittent nasal 
discharge of spinal fluid. The first series of cases in 
the English licezature was published in 1899 by St. 
Clair Thompsen’ in a summary of his findings on 20 
patients. The first to use the term “rhinorrhea” for 
nasal CSF discharge, Thompson believed that CSF 
rhinorrhea generally resulted from defects inthe 
perineural sheazhs of the olfactory nerves. The ma- 
jority of the patients in his series had nontraumatic 
cerebrospinal rhinorrhea, because at that time pa- 
tients who had sustained sufficient head injury to 
tear the dura probably did not survive long enough 
to be investigated, 


Since Worki War I it has been recognized that 
head injury is the prevailing cause of cerebrospinal 
rhinorrhea. Cairns® in 1937 classified cerebrospinal 
rhinorrhea iato four groups: acute traumatic, 
operative. celayed posttraumatic, and spon- 
taneous. Coeman and Troland® limited the 
category of spontaneous rhinorrhea to cases without 
definite demonstrable etiology. Ommavya et al’ 
were responsible for establishing the most workable 
classification dividing the classification into 
traumatic and nontraumatic, and then subdividing 


it into low and high CSF pressure. It must be 
understood that these classifications are somewhat 
arbitrary and not mutually exclusive. 


PATHOPHYSIOLOGY 


In cases of traumatic as well as nontraumatic 
CSF fistulae the factors responsible for their con- 
tinuation are the same: a break in the arachnoid 
and dura where the CSF pressure gradient is con- 
tinuously or intermittently greater than the healing 
tensile strength of the disrupted tissue.’ In most in- 
stances the reasons for persistent cerebrospinal 
rhinorrhea are obvious, eg, major head trauma 
where the osseous and dural defects are so large that 
normal healing without operative intervention is 
impossible. Less clearly understood but generally 
recognized is the phenomenon of delayed traumatic 
cerebrospinal rhinorrhea. Here it is theorized that 
an osseous fracture occurs without a complete tear 
of the dura. In time the arterial or respiratory pulse 
waves of the intracranial contents allow herniation 
of the dura into the nonhealed fracture site, which 
eventually causes separation of the dura fibers and 
CSF leakage. Another theory is that delaved rhinor- 
rhea may stem from dissolution of a hematoma at 
the fracture site. 


Cerebrospinal rhinorrhea occurs in approximate- 
ly 2% of all head injuries and 5% of fractures of the 
base of the skull, most of which occur through the 
anterior cranial fossa. One reason for this is the fact 
that the dura adheres tightly to the thin bone of the 
floor of the anterior fossa, particularly in the region 
of the cribriform plate and ethmoid roof. Another 
typical fracture site in the anterior fossa is the 
posterior wall of the frontal sinus where CSF can 
escape through the nose via the nasofrontal duct. 
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Both areas are particularly vulnerable in the event 
of an automobile collision if the injured person wore 
only a lap seatbelt and his forehead of glabel.ar 
region struck the dashboard. Middle cranial fossa 
fractures are less common injuries that can canse 
leakage to the nose via the sphenoid sinus or 
eustachian tube. In such instances the force may be 
transmitted from any portion of the cranial vault. 
Cerebrospinal rhinorrhea may also occur when 
there is a fracture of the petrous bone, allowmg 
fluid to enter the mastoid air system. If the tym- 
panic membrane is torn, the fluid will exit through 
the external ear canal: however, if the membrane is 
intact, spinal fluid will escape through the eu- 
stachian tube into the nose. 











The category of trauma also includes iatrogenic 
cerebrospinal rhinorrhea, a complication that may 
follow sinus operations of the ethmoid sinuses in 
particular, and mastoid operations. Moreover, n- 
tracranial operations may likewise cause a dural 
tear that permits CSF leakage into the mastoid air 
cells or sinuses. 


Nontraumatic CSF fistulae are predominanzly 
related to diseases that cause intracranial pressure 
or destruction of the skull, such as hydrocephalus, 
primary or metastatic intracranial or extracranial 
tumors, osteomyelitis of the skull, and brain eysts. 
Tumors of the pituitary gland are the most common 
neoplasm, and slightly less common are those found 
in the region of the cribriform plate, which are 
responsible for CSF leakage.” On the other hard, 
the dura apears to be quite impervious to osteomre- 
litis of the skull and sinuses inasmuch as CsF 
fistulae associated with this condition are quite 
rare. However, osteomyelitis of the sphenoid sirus 
has been known to cause a fatal fistula." 


Spontaneous or primary cerebrospinal fistuae 
are the least understood. Presumably they stem 
from some type of congenital defect and can oceur 
anvwhere in the base of the skull, although typical- 
ly they appear in the anterior or middle crarial 
fossae. Brisman et al‘! in 1970 estimated the tctal 
number of spontaneous cerebrospinal rhinorrbea 
recorded in the literature to be fewer than 150 
cases. Many such cases are believed to represent 
small encephaloceles which erode bone and uiti- 
mately break with normal intracranial pressure and 
brain pulsations. ? Ommaya" has postulated taat 
focal atrophy of the nerves in the region of ‘he 
cribriform plate or sella turcica, possibly due to 
ischemia, represents another cause. This condition 
creates empty space that fills with an arachnoidal 
pouch containing CSF. The pouch enables a normal 
CSF pressure pulse to exert a continually erosive ef- 
fect upon the cranial foramina that ultimately leads 
to CSF leakage from the pouch. O’Connell™ de- 
scribed two patients, each with an excavated 
lamina cribrosa associated with a shrunken alfac- 
tory bulb allowing CSF into the nose. 





Jenkias and Calcaterra’ reported a patient (in- 
cluded m the present series) who had cerebrospinal 
rhinor#l ea from a defect in the posterior wall of the 
sphencid sinus. Similar leaks from the middle crani- 
al fosse aave been postulated on the basis of a persis- 
tent craiiopharyngeal canal.'® Morley and Wortz- 
man” described a case in which a congenital 
dehiscerce of the middle cranial fossa floor led into 
a later extension of the sphenoid sinus. In an 
analysis of 138 human sphenoidal bones, Hooper" 
found 2” defects present in 20 skulls at four sites: 1) 
immedixtely behind the superior orbital fissure, °2) 
the anterior end of the carotid groove, 3) the mid- 
point of the carotid groove, and 4) the posterior end 
of the carotid groove immediately above the 
foramer lacerum. Remnants of the craniopharyn- 
geal canal were present in 18% of bones, with 5% 
having defects communicating the cranial vault 
with tæ sphenoid sinus. Jaffe et al’? recently 
reportec a case of cerebrospinal rhinorrhea via the 
fossa of Rosenmuller from a defect in the floor of the 
middie-cranial fossa. 








Spertaneous CSF leaks may occur via the tem- 
poral bene. Parisier and Birken,”? who recently 
discusse@ a new case and reviewed 15 previously 
reportec cases, dealt chiefly with children whose 
average age was 6.4 years. Among these 16 patients, 
14 were found to have leakage from the oval win- 
dow. Œ! the other two, one was observed to have 
leakage Grom a fissure of the promontory and the 
other a defect in the roof of the eustachian tube. In 
all but one of these cases, meningitis was the 
presentizg problem, and there was some radio- 
graphie evidence of an osseous abnormality of the 
inner ea which obviously predisposed them to have 
an abn3-mal communication between the cerebro- 
spinal amd perilymphatic fluid spaces. 


Altheagh the pressure relationship between the 
CSF speee and the inner ear has not been clearly 
definec... it is generally assumed that CSF pressure 
in the «ibarachnoid space is transmitted to the 
perilyra-shatic space via the cochlear aqueduct and 
the mewngeal sheaths along the facial, vestibular, 
and ecemlear nerves.?! The only barrier to com- 
municeton between the two spaces is the reticular 
arachnsxdal meshwork present in the cochlear 
aqueduct and along the nerve sheaths. This barrier 
is usual’ sufficient to prevent the passage of an in- 
flammeztery process such as labyrinthitis or men- 
ingitis rom extending into the other space. 
Therefeze, the two abnormal communications that 
occur ia patients who have spontaneous CSF leaks 
via the temporal bone are believed to be through a 
widened cochlear aqueduct, allowing CSF to pass 
directly nto the scala tympani; a second route runs 
along t: 
ear ves*ipule. 














DIAGNOSIS 


In geveral, it is not difficult to confirm the 


110 THOMAS C. CALCATERRA 








Fig. l. Linear fracture of the rete wall of the left 


frontal sinus isevident by corona tomography. 


presence ef cerebrospinal rhinorrhea, particularly 
when there are antecedent factors such as head 
trauma or surgical operation. Immediately subse- 
quent to injurv, any CSF leakage will be mixed 
with blood, and often appears as a clear halo sur- 
rounding a central blood stain. Certainly a persis- 
tent, clear, watery discharge from one nostril is 
highly suspicious of spinal fluid. Often the spinal 
fluid drainage can be initiated or increased by 
Valsalva maneuver or by compressing both jugular 
veins, 


A patient who has had repeated attacks of men- 
ingitis, especially the pneumococcal type, should be 
regarded as heving a dural defect with CSF leakage 
to the upper airway even though there is no demon- 
strable fluid crainage from the nose.” Confirming 
the fact that a nasal discharge is indeed CSF re- 
quires a chemical determination of its Po con- 
tent. However, glucose concentration by glucose ox- 
idase papers i unreliable because of the reducing 
substance present in the lacrimal gland secretions 
and nasal mueus, which may cause a positive reac- 
tion with as liitle glucose as 5 mg/100 ml. If enough 
fluid that is uncontaminated by blood can be ob- 
tained, quantitative measurement of the glucose 
concentration accurately identifies the discharge as 
CSF if it contains more than 30 mg/100 ml of 
glucose. 


PATIENT HISTORY AND PHYSICAL EXAMINATION 


The ae ecise localization of a dural defect is a 
highly challenging task, but there are points in the 
patient's history and physical examination that may 
help to identify the leakage site. A gush of fluid that 
occurs when the head changes position suggests a 
collection of fuid in one of the sinuses, particularly 





Fig. 2. Fracture fragment of the fovea ethmoidalis is 
seen protruding into the anterior cranial fossa which 
resulted in a tear of the adjacent dura. 


the sphenoid. Anosmia, especially when unilateral. 

indicates an injury near the olfactory area and 
anterior fossa. Interference with optic nerve func- 
tion localizes the defect in the region of the tuber- 
culum sellae, sphenoid sinus or posterior ethmoid 
sinus. Impaired cochlear or vestibular function, or 
facial paralysis, suggest a defect in the temporal 
bone. Fullness in the middle ear may be exper- 
ienced when there is spinal fluid in the middle ear. 

Loss of sensory function in the first or second divi- 
sion of the trigeminal nerve points to a defect in the 
anterior or middle fossa, respectively. Numbness 
over the distribution of the supraorbital nerve sug- 
gests a frontal sinus defect. 


X-ray Studies. In addition to a routine skull 
series, tomography of the paranasal sinuses, the 
base of the skull, or the mastoids may disclose an 
osseous defect (Fig. 1), fracture fragment (Fig. 2), 
or pneumocephalus. A sinus adjacent to a CSF leak 
may show increased density or an air-fluid level, 
The sugar content of the spinal fluid may cause 
local sinus mucosal edema which can be docu- 
mented by radiographs.” Fluid in the sphenoid 
sinus was seen in two of our patients stemming from 
a leak in the posterior cribriform plate region which 
gained access to the sphenoid sinus by simple drain- 
age through the sphenoid sinus ostia (Fig. 3). 


Intrathecal Marker Studies. An intrathecal dye 
(indigo carmine) was used as early as 1933% to assist 
in localizing a CSF leak, but this method of study 
fell into disrepute owing to several reports of neural 
complications, including the occurrence of paraple- 
gia, particularly resulting from the use of methy- 
lene blue.’> Transient neurological complications, 
including hemiparesis and seizure, were also re- 
ported after using fluorescein,’® although dosage at 
that time was much larger than currently recom- 
mended. 
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Fig. 3. Fluid level of CSF in the sphenoid sinus which 
proved to have accumulated from a posterior cribriform 
plate leak. 


Radioactive tracers became highly popular for 
identification and localization of cerebrospinal 
rhinorrhea after a 1956 report by Crow et al,” who 
used intrathecal radioactive sodium (7* Na) in a 
technique involving placement of cotton pledgets in 
various parts of the nasal cavity that were later 
retrieved after intrathecal isotope injection and 
isotope counting of each pledget. The pledget found 
to have the highest isotope count served to identify 
the leakage site. DiChiro et alë described another 
intrathecal method of localization by injecting 
technetium Te 99m into the basal cistern (cis- 
ternography). The time at which the isotope was 
first noted outside the normal subarachnoid space 
was used as the criterion for localizing the leak, eg, 
posterior fossa leaks were seen after 30 to 60 
minutes, middle fossa leaks after one to two bours, 
and anterior fossa leaks after five to six hours. 





IRRHEA ill 
Use of radioisotopes as a means of locating the 
source cf CSF leaks has several limitations that 


undernmne their accuracy. Usually ther cannot re- 
veal the fine detail required to localize the site of 
the leak even with a gamma camera, While the 
more standard collimated scintillation scanning 
techniqae will show uptake in the nasal cavity 
wher there is a sizeable leak, it will net show the 
leaking cint. There is also the proklem of ex- 
tracranz.! contamination which develops rapidly as 
the isotese is absorbed in the bloodstream and ac- 
cumulates in the mucosal glands of the turbinates 
and palete, a factor that leads to false interpreta- 
tion.” Another disadvantage is that the difficulty in 
positionmig the patient for radioisotope counting 
may cawe the fluid to saturate pledgets placed some 
distaace from the leakage site.” 


Our etperience has proved that intrathecal vital 
dyes prewide the most accurate information regard- 
ing the «cation of the CSF leak. Fluorescein was 
emploved in almost all of our patients according to 
the techaique described by Kirchner and Proud.” 
Dyes ars advantageous because they enable the ex- 
aminer o visualize, possibly directly, the leakage 
point im he nasal cavity or to monitor the cottonoid 
pledgets until staining is noted. Moreover, the loca- 
tion of staining on the pledget signals even more 
precise anatomic localization. 


In the diagnostic procedure, the nasal cavities 
are spreved with a 4% solution of cocaine to anes- 
thetize znd shrink the mucous membranes. Cot- 
tono <dledgets are then placed in the following 
areas: lẹ anterior roof of the nose, 2) pesterior roof 
and spkenoethmoid recess, 3) middle meatus, and 
4) below the posterior end of the infericr turbinate 
(Fig. 4A B). 

A lum bar puncture is then performed, during 
which the opening pressure recorded may be quite 
low # the leak is copious. Spinal fluid {at least 10 





Fig. 4. A) Sagittal view drawing of the nasal cavity showing location of -ottonoid pledgets. B) Coronal view showing the 


same pledgets. 
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Fig. 5. Arrows depict the varied routes of CSF leaks to 
the nasal cavitw 


ml) is withdrawr. mixed with 0.5 ec of 5% fluores- 
cein, and then :lcwly reinjected into the intrathecal 
space. If there is insufficient spinal fluid to dilute 
the dye, Hartrsaan solution may be used. The pa- 
tient then assumes a recumbent position for a period 
of time depencing on the size of the leak, generally 
about 30 minuces. The nose is then examined, and 
the pledgets ame removed and examined for stain- 
ing. This some imes requires an ultraviolet light to 
detect a faint stain. 


The location of the stained cottonoid identifies 
the site of the lzax (Fig. 5). If the one in the anterior 
nasal roof is stained, a leak exists at the cribriform 
plate or anterfr ethmoid roof. When the pledgets 
placed in the posterior nasal roof and spheno- 
ethmoid recess-are discolored, the posterior ethmoid 
region or spheaoid sinus is involved. A stained cot- 
tonoid from the middle meatus indicates a leak via 
the frontal smus. If the cottonoid below the 
posterior end st che end of the inferior turbinate is 
stained, a leak in the eustachian tube is probable. 
Dye may also be seen behind the tympanic mem- 
brane. 


PATIENTS AND METHODS 


Since 1970 the a sthor has carried out extracranial operations on 
19 patients at the JCLA Hospital to repair persistent CSF 
leakage. Althougl® other patients with this condition were seen 
during this period in their cases the leak was stopped by conser- 
vative managemeat or by craniotomy (generally done in the 
earlier years of the series). 


Treatment. Ameng these patients, acute leaks resulting from 
head trauma or various types of cranial surgical procedures were 
managed conserve ively whenever possible. Treatment generally 
consisted of a two-week trial of bed rest in a semisittiny position, 
repeated lumbar aps, and administration of prophylactic an- 
tibiotics; the patierts were cautioned against nose-blowing, sneez- 
ing, and straining.On the other hand, immediate repair was per- 
formed on patient. who had suffered severe cranial injury requir- 
ing operative intemention for other reasons. There was no delay 
in the ee ien ot aia oc Ww hen SOOL with 


a a ane on “of facial f Picnic was eee superior to ie 
it later, when paria! healing has already occurred. 


It must be und-rstood that the use of prophylactic antibiotics 





Fig. 6. Craniotomy incision entered the frontal sinus, 
causing a persistent CSF leak. 


remains quite controversial. The risk of meningitis subsequent to 
head trauma with cerebrospinal rhinorrhea ranges in various 
series from 10 to 25% .? Among organisms causing meningitis, 
pneumococcus prevails, and penicillin is therefore selected when 
prophylactic antibiotics are desired, based on its pneumococcal 
specificity and lesser tendency to alter oropharyngeal bacterial 
flora than broad spectrum antibiotics. Two recent series employ- 
ing prophylactic antibiotics, including a double-blind study, have 
shown no statistical differences in the incidence and morbidity of 
meningitis following cerebrospinal rhinorrhea or otorrhea.***4 

For patients in whom the leak followed a head injury by several 
days or who had no history of head trauma, conservative manage- 
ment was not usually considered, inasmuch at these conditions 
rarely heal spontaneously. Whenever the leak was complicated by 
meningitis, an operative procedure was carried out as soon as the 
meningitis was completely cleared by antibiotic therapy. 

Patients with nontraumatic leaks in whom the leakage source 
was not apparent were admitted to the neurosurgical service for 
complete evaluation to determine the possibility of an occult in- 
tracranial lesion. 


OPERATIVE EXPERIENCE 


As our experience increased in the management 
of patients with CSF rhinorrhea, we began to favor 
extracranial methods of repair because of their 
reduced morbidity and successful results. As in in- 
tracranial repair, precise location of the dural 
defect is mandatory prior to operation in order to 
select the appropriate extracranial approach afford- 
ing maximum exposure of the dural dehiscence. In 
addition, fluorescein is injected during the opera- 
tion to pinpoint the dural defect. 


An indwelling catheter is placed in the lumbar 
subarachnoid space after inducing general anes- 
thesia. About 30 minutes before the anticipated ex- 
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posure of the dural leakage site, 0.5 cc of 5% 
fluorescein mixed with spinal fluid is slowly in- 
jected. By the time the leak is exposed, a discrete 
flow of fluorescein-stained spinal fluid will be seen 
trickling from the dural defect. An ultraviolet light 
is not necessary to visualize the fluorescein because 
the operating room lights have sufficient energy in 
this w avelength to mare the dye TA V ee n 
prolonged Hears pressure D to he pa- 
tient. Small leaks may not be visible without op- 
erative staining of the spinal fluid, particularly if 
absolute hemostasis cannot be achieved in the oper- 
ative field. The indwelling spinal catheter serves a 
second purpose by permitting intermittent drainage 
for three to four days after operation, thereby main- 
tiaining a low spinal fluid pressure and insuring im- 
proved healing of the dural repair. 


The extracranial surgical procedures in this series 
were performed to repair leakage from four ana- 
tomic sites: 1) frontal sinus, 2) cribriform plate and 
ethmoid roof, 3) sphenoid sinus, and 4) petrous 
bone. 


Frontal Sinus. Three patients evidenced leakage 
through the frontal sinus, two of whom had suf- 
fered blunt trauma to the forehead; the third had 
undergone a frontal craniotomy in which the fron- 
tal sinus was inadvertently entered (Fig. 5). In all of 
these patients the tears involved the dura of the 
frontal lobe. One patient who had sustained a 
posterior frontal wall fracture developed rhinor- 
rhea three weeks after his head injury. 


An extracrainal approach to this area was ac- 
complished through a coronal scalp or eyebrow in- 
cision.” This method provides excellent vizualiza- 
tion of the posterior wall of the sinus (where the 
osseous defect was found in all cases). The area of 
the dural tear was exposed by removing adjacent 
bone with a drill burr or bone-cutting forceps. The 
dura was closed by direct suture approximation or 
by mattress suture of a connective tissue graft such 
as frontalis fascia. To further buttress and ensure 
the repair, the frontal sinus can be packed with 
adipose tissue obtained from the abdomen after all 
mucous membrane has been removed from the si- 
nus. The fat has the additional advantage of 
stabilizing any loose anterior table fragments when 
the injury is acute. In some instances the fracture of 
the frontal sinus may be so comminuted that after 
repair of the dura the sinus must be ablated by 
removing the remnants of the anterior wall and 
medial orbital rims. All mucosa is removed from the 
posterior wall and the floor of the sinus, and the 
forehead skin and muscle are allowed to collapse in- 
to the former sinus cavity. Despite the considerable 
cosmetic deformity undeniably caused by this pro- 
cedure, particularly when unilateral, it is the safest 
method of management. 

Cribriform Plate and Ethmoid Roof. Eight pa- 


+ 


tients with leaks from the cribriform plate and 
ethmoic roof region were treated. Four of these 
cases were trauma-related and four were spon- 
taneous. where no history of significant head 
trauma 2ould be elicited. Three of the four patients 
with traama developed leakage 2 to 18 months after 
the injury. In all of the patients the exploration was 
carried sut through a curved nasoorbital incision. 
The orbital periosteum was carefully preserved and 
the lacrimal sac dissected from the lacrimal fossa. 
The anterior ethmoidal artery must be divided, to 
gain adequate exposure of the ethmoid sinus com- 
plex. A complete ethmoidectomy is carried out in 
addition to removal of the posterior lacrimal crest 
to facilitate exposure of the ethmoid roof. The 
postericr ethmoidal artery is preserved whenever 
possible to prevent inadvertent injury to the optic 
nerve, situated just posterior to the artery. If the 
leak is confined to the ethmoid roof. the dural 
defect is exposed by removing adjacent bone. There 
are several methods of exposing the cural dehis- 
cence, but it is best to emplov a viable flap of 
mucopeziosteum obtained from the middle tur- 
binate er from the septum. McCabe”* described a 
flap from the middle turbinate containing attached 
turbina’e bone which is rotated laterally against the 
ethmoic roof and secured with packing. Montgom- 
ery” reported removing the middle turbinate and 
creating a posteriorly based mucoperiosteal flap 
from the septum which is rotated 90° te cover both 
the cribriform plate and the ethmoid roof. We 
employed this method in all of our cases because it 
afforded greater visibility by opening the lateral 
nasal mecosa and detaching or rotating the middle 
turbinale forward. 





We rautinely utilize free graft of fascia obtained 
from the thigh which is covered secondarily by the 
septal fap, as mentioned by Montgomery.” It is 
important to fashion the septal flap as far forward 
on the septum as possible so that there will be suffi- 
cient length to reach the posterior end of the 
cribriform plate and ethmoid roof. Likewise, the 
fascia graft should be tucked under the bony edges 
of the osseous defect whenever possible. On four oc- 
casions ©yanoacrylic glue was used to secure the 
fascia graft, creating an immediate watertight 
closure of the dural leak. The repair of CSF leaks 
with tissue adhesives was recently reviewed by Roc- 
ca and Turtas. After the septal flap is placed 
against the graft, the nasal cavity is pac ted with ox- 
idized cellulose (Surgicel® ) and antibiotic- -impreg- 
nated gauze. The nasal packing should remain in 
place for at least five days after surgery. 





Spheroid Sinus. CSF leaks through tae sphenoid 
sinus were found in four patients in our series, two 
of which were traumatic and two spontaneous. A 
transseptal approach was employed” in one of the 
patients who had traumatic leakage where the site 
of origm was known. This operation is advan- 
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tageous because it avoids a facial incision and 
allows sphenoid sinus packing without an open 
communication with the nasal cavitv. However, if 
the leak cannot be localized to the sphenoid sinus by 
preoperative studies, then it is better to approach 
the region through the ethmoid sinuses.“ In either 
case, the intersiaus septum is removed and the sphe- 
noid sinus denuded of its mucosa under ge 
tion with the eperating microscope. Typically, 
fascia graft is placed against the dural tear and aes 
buttressed wita thigh muscle fragments. The 
anterior wall of tae sinus may be reconstructed by 
using septal bene or cartilage. We did not use 
mucoperiosteal flap from the septum in anv of the 
cases. 


Petrous Bone. Almost all the dura surrounding 
the petrous bone can be approached extracranially 
from below. O/ four patients in this series who had 
leaks via the petrous bone, two were repaired by 
direct dural exposure employing mastoidectomy 
and the other two underwent an obliteration of 
middle ear and eustachian tube. 


It the patien: has functional hearing, the cochlea 
should be preserved at all costs. The extent of the 
mastoid surgery depends on the location of the 
dural defect. in one instance a gunshot wound 
created a fracture of the posterior tegmen with a 
dural tear that failed to heal primarily. Exterioriz- 
ing the tegmen fracture by a conventional mastoid- 
ectomy and by rctating, the temporalis fascia mus- 
cle flap sealed the leak. In another case a CSF leak 
developed after herniation of the temporal lobe 
through an old mastoidectomy cavity. Again a tem- 
poralis muscle ‘lap closed the leak without sacrific- 
ing cochlear function. 


When a CSF leak exists with total permanent 
hearing loss as in a transverse petrous bone fracture, 
or following removal of an acoustic neuroma, CSF 
thinorrhea can be stopped simply by obliterating 
the middle ear and eustachian tube.*! Since the 
mastoid air ceil system is sterile, the presence of 
CSF fluid in the mastoid cells is not likely to cause 
meningitis as ong as there is no communication 
with the upper respiratory tract. In two patients 
who had CSF otorhinorrhea via a defect in the 
mastoid air cells inadvertently created during 
suboccipital craniotomy for a large acoustic 
neuroma, the middle ear and the tympanic eu- 
stachian tube orifice were obliterated by the follow- 
ing surgical technique. A tympanomeatal flap was 
elevated sufficiently to visualize the eustachian tube 
orifice. The incus, malleal head, and stapes arch 
were removed, and all accessible middle ear mucosa 
denuded. The eustachian tube orifice was abraided 
or also cautertzzed, and small cubes cut from the 
temporal or quadriceps muscle were packed into 
the orifice. attic, and middle ear. Although an in- 
tact tympanic membrane is essential, is con- 


ceivable that a myringoplasty could be performed 
at the time of muscle obliteration if the tympanic 
membrane is damaged. 


If there is a leak through the oval window in a 
congenitally nonfunctioning ear, the stapes should 
be removed and the oval window surgically en- 
larged to expose the vestibule. The entire vestibule 
may then be packed with muscle. If this simple pro- 
cedure fails, the surgeon is obligated to expose the 
cochlear aqueduct and internal auditory meatus via 
a transmastoid approach in order to seal the leak.” 


RESULTS 


An extracranial operation achieved sealing in all 
19 patients. Three patients had repair of a posterior 
frontal wall fracture by a frontal osteoplastic flap. 
Two of these patients had blunt trauma to the head 
and the third suffered a dural tear adjacent to the 
frontal sinus during craniotomy. 


Three patients had injuries to the dura at the 
ethmoid roof. Two were the result of blunt head 
trauma, while the third occurred during an intra- 
nasal ethmoidectomy. Five additional patients had 
dural defects at the cribriform plate. Four of these 
patients developed their rhinorrhea from the 
cribriform plate spontaneously and the fifth suf- 
fered a head injury. All eight of the patients with 
dural tears at the ethmoid roof-cribriform plate 
region were repaired via a nasoorbital incision and 
external ethmoidectomy. Tissue glue was employed 
in four of the patients. 


There were four patients who had leaks from the 
sphenoid sinus. The etiology of the leaks were 1) 
blunt trauma, 2) craniotomy, 3) transeptal hypo- 
physectomy, and 4) spontaneous. Three of the leaks 
were approached via an external ethmoidectomy 
whereas the hypophysectomy patient was re- 
explored transeptally. 


Four patients had leaks adjacent to the temporal 
bone. Two occurred at the petrous apex resulting 
from craniotomy and both were repaired by tym- 
panic cavity obliteration; however in one instance 
the operation had to be repeated to achieve a com- 
plete seal. The other two patients had leaks through 
the petrous tegmen. One of these patients suffered a 
gunshot wound whereas the other had injury to the 
tegmen dura during mastoidectomy. Both of the 
latter two patients had the dura repair by 
mastoidectomy and a temporalis muscle flap. 


One patient with a frontal sinus fracture leak 
developed another leak through the ethmoid roof 
which was repaired secondarily. Another patient 
with a cribriform leak which remained sealed for 
more than one year developed another leak subse- 
quent to an upper respiratory tract infection involv- 
ing protracted severe coughing. She has refused any 
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further treatment despite intermittent rhinorrhea 
without meningitis. 


One death occurred in an elderly patient which 
resulted from a suboccipital hemorrhage four days 
after an uneventful repair for a spontaneous 
cribriform plate cerebrospinal leak. We concluded 
Hes this hemorrhage was probably due to tearing of 

a suboccipital blood vessel that had been stretched 
by the settling of the brain on the cranial floor 
because of continuous drainage of spinal fluid from 
the lumbar subarachnoid space. After this com- 
plication developed, spinal fluid was withdrawn in 
25 to 30 cc increments, not more than twice daily 
for four to five days postoperation. No instances of 
postoperative meningitis have occurred. 


DISCUSSION 


The earliest attempts to seal cerebrospinal rhinor- 
rhea were carried out extracranially by applying 
various cauterizing agents to the roof of the nose. 
Although certainly most of these efforts were unsuc- 
cessful, cessation of the rhinorrhea was occasionally 
reported which may have been fortuitous or 
perhaps secondary to mucosal scarring.” After 
Dandy? documented the first successful in- 
tracranial repair of a CSF leak in 1926, this condi- 
tion was almost exclusively managed by craniot- 
omy. 


Craniotomy carries the risk of significant mor- 
bidity and protracted hospitalization as well as a 
disappointing incidence of persistent leak. The 
typical bifrontal craniotomy approach to the cri- 
briform plate and sphenoid usually results in per- 
manent anosmia. In a recent series of 41 patients 
reported by Ray and Bergland“ employing craniot- 
omy for CSF fistulas there was a 27% failure rate 


after initial repair. Indeed, there was a 10% failure 


rate overall in spite of repeated craniotomies (up to 
five operations). In our series, in 7 of 19 patients, 
intracranial repair had previously been attempted. 





The first extracranial approach to the repair of 
cerebrospinal rhinorrhea was reported by Dohl- 
maa" in 1948, who E an a foe in the 
for Sel ethmoid surgery. The ce was ena 
at the cribriform plate and dural closure was ac- 
complished with catgut suture as well as a mucous 
membrane flap from the nasal cavity. In 1952 
Hirsch** described two patients with sphenoid sinus 
CSF leeks who had successful endonasal repair 
emploving a mucosal flap from the nasal septum 
that was folded into the sphenoid sinus. Deval 





no of cerebrospinal hino rrhea repair a 
which employed such methods as oxidized cellulose 
wita « mucosal flap, bone wax covered by a 
mueosal graft,” and fascia grafting.** 5 Montgom- 
ery has recently reviewed the various extracranial 
approecies for repair of CSF rhinorrhea.’ 





Whie no large series of patients with cere- 
bros pi; gel rhinorrhea has been treated by extra- 
cranial approaches, the author's experience as well 
as prier reports of small series of patients support 
the : concept that the otolaryngologist should serve as 
the primary diagnostician in localizing the site of 
the leak. Moreover, if there is no space-occupying 
intracranial lesion causing the leak, the 
otolarengologist’s expertise in aal surgery 
shoald be employed in the initial treatment of these 
patients. By means of accurate localization and re- 
pair techniques performed under the operating 
microseepe the vast majority of patients can be 
cured with minimal morbidity. 
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In a series of 53 acoustic neurinomas removed by translabyrinthine surgery 


measurement technique focused on maximum tumor size 


estimated with computed tomography (CT) compared with maximum size determined at surgery. Fifty-three tumors varying in size and 
location were evaluated. Ten small tumors not found with initial CT were idenaSed at CT revision. Of the 34% which could not be seen 
with CT, all but two were less than 15 mm in diameter, indicating a lower liewt for CT detection of 15 mm. 


Since the clinical introduction of cranial com- 
puter tomography (CT) in 1973 by Hounsfield’ and 
Ambrose,’ the technique had had considerable in- 
fluence on the diagnosis of cerebellopentine 
lesions.’ 


In early CT scanners the coarse 80 x 80 matrix 
impeded the diagnosis of small and medium-sized 
tumors.7°>*° With the finer 160 x 160 matrix and 
partially overlapping slices, extrameatal tumors 
measuring 10 mm,*'°" 10-15 mm,*'?" amd 20 
mm*'* were detected. Schubiger et al’ reported CT 
visualization of 15 tumors 5 to 10 mm in diameter 
with a 256 x 256 matrix, computerized picture 
magnification, slow scan speed, 5 mm sections, and 
multiple overlapping. 


Evaluation of surgical results obtained with the 
translabyrinthine versus the suboccipital approach 
may be hampered by differences in tumor size.’ 
We have compared, therefore, the maximum ex- 
trameatal tumor size seen with CT and the max- 
imum tumor diameter measured during the 
translabyrinthine operation. 


METHODS 


The translabyrinthine approach was used in the removal of 53 
acoustic neurinomas at Rigshospitalet, Copenhagen, from April 
1976 to November 1978.78 Seven of the largest tumors were 
removed in two stages: first, via the translabyrinthine route, the 
facial nerve was located in the internal acoustic meatus and the 
tumor volume diminished, and second, using the suboccipital ap- 
proach, the rest of the tumor was removed." 


In 12 patients CT was performed with the EMI Mark I scanner 
with partially overlapping 13 mm sections. In 41 patients the 
EMI 1010 machine with 10 mm sections and a 240° scan was 
used. All patients received Isopaque® 280 intravenously (1.5 
mike of body weight). Initial CT descriptions were made by five 
radiologists: the revisions were done by two neuroradi: slogists 
(CG and JL) and one surgeon (JT) without knowledge of the 
preoperative tumor size. Measurements were made with a ruler 


on the Polaroid® pictures, and the values obtained were 
multiplies by factors of 3.3 (EMI Mark 1) and 3.7 (EMI 1010), 

Measrrements of size at surgery were obtained before removal 
of smallertumors, and during and after removal of larger tumors. 
An angle«! instrument approximately 12 ram long was used in ob- 
taining #easurements. 


RESULTS 


Mamimum extrameatal measurements of 53 
tumor specimens are shown in Table 1. Initially, 28 
tumor: measured less than 1 mm (CT-negative 
classifeation), while at revisicn the number of 
negative tumors dropped to 18. Cerebellar edema 
and araputation or dislocation of the fourth ventri- 
cle APRS ar to vary with tumor size. Larger tumors 
more requently exhibit marginal edema and pa- 
tholog? of the fourth ventricle, although the latter 
symptem also was present in five CT-negative 
cases. Fhe extrameatal diameter of these five tu- 
mors a surgery was between 7 and 20 mm (Table 1). 


The 24 initially CT-positive acoustic neurinomas 
were larger than 20 mm at surgery, except for two 
tumors measuring 15 mm and 20 mm (Fig. I and 
Table 2. The average difference between initial, 
revisioa, and measurement at surgery was 8 mm. At 
the time of surgery all tumors except the two 
smallest had reached both the cerebellum and the 
pons, ES were in contact with the trigeminal nerve, 
17 wer? touching the ninth and tre eleventh cranial 
nerves. and 16 tumors had reacted the tentorium. 


Sizes ef the 28 initially CT-negative tumors found 
by CT revision and surgery are presented in Table 
3. The difference between the mean revision size 
and the mean size at surgery was 5 mm. 


Ten mors not initially identified were found by 
revision to be from 3 to 17 mm in diameter (Fig. 2 


and Tabie 4). Six of the ten CT examinations were 
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TABLE 1. MAXIMUM EXTRAMEATAL SIZE OF ACOUSTIC 
NEURINOMAS TREATED WITH TRANSLABYRINTHINE 
SURGERY (N = 53) 


Initial CT Size at 
Size CT size Revision 
E L ree E D See ee eee CO) a 

<] 28 15 
1-5 0 I 
6 - 10 3 i 
11- 15 4 6 
+16 - 20 7 7 
ale 25 4 l 
26 - 30 5 12 
31 - 35 i l 
36 - 40 i 4 
> 40 0) 2 


CT - Computer temeagraphy. 


of poor technical quality due to Pantopaque® 
droplets in the posterior fossa, causing streaking of 
the pictures. (Cisternographies were performed in 
other hospitals prior to referral to our institution for 
CT.) Diameters at surgery in the ten cases were be- 
tween 3 and 27 mm. There was a fair correlation 
between the mean size at CT revision and at sur- 
gery, although the CT measurements in all but one 
case were smaller than the estimates at surgery. 


Eighteen accustic neurinomas could not be 
measured at CT revision, but at the time of surgery 
were categorized at follows: 1, entirely intrameatal; 
14, up to 10 mm in diameter (Fig. 3): 1, 14 mm in 
diameter; and 2, 15 mm extrameatal (Table 5). 
Nine of the CT examinations were suboptimal 
quality due to picture streaking. 





Fig. 1. Postinjeetion CT (EMI Mark I) showing middle 
degree of contrast enhancement in a left acoustic 
neurinoma. There is no visible edema, but the fourth ven- 
tricle is cut off from view. Maximum extrameatal CT 
diameter along the pyramid: 17 mm: measurement at 
surgery; 20 mm. Petrous tomography showed erosion and 
enlargement of the internal acoustic meatus. Left vertebral 
angiography failed to demonstrate the tumor. 
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Pathology of 


Size at Surrounding 4th Ventricle 
Surgery Edema at CT at CT 
LL EIE ee see CC) Se ae ene. Gs E 

l l 5 

7 0 9 

10 Q Q 
5 0 4 

3 l 5 

2 () i 

8 10 9 

l 2 2 

3 3 

T 2 2 


DISCUSSION 


Although the roles of CT and surgery in the as- 
sessment of acoustic neurinomas are discussed in the 
literature,*°'> the emphasis in this study is on par- 
ticular measurement techniques. We have chosen to 
measure the maximum rather than minimum CT 
diameter (irrespective of direction) because a better 
correlation with tumor size at the surgery is ob- 
tained, and the effect of partial volume is dimin- 
ished. The smallest extrameatal tumor diameter 
was found perpendicular to the posterior face of the 
pyramid, which is approximately 8 mm wide. With 
our section thicknesses of 10 mm (EMI 1010) and 13 
mm (EMI Mark I), an arbitrary number of milli- 
meters between 5 and 8 must be added in order to 
reach the actual extrameatal size, as this part of the 
tumor is obscured by the partially depicted dense 
petrous bone. 


The minimum size for CT visualization with our 
technique seems to be 15 mm. The frequency of 
false-negative CT examination has been 18/53 


TABLE 2. MAXIMUM DIAMETER OF INITIALLY 


Size at 
Initial CT Reri- Size at 





Size CT Size ston Surgery 
EE NEIERE aunts WO ns SO MNO 
6 - 10 3 
1) - 15 4 l I 
16 - 20 7 4 l 
21 - 25 4 | 2 
26 - 30 5 12 fi 
35 I | 
36 ~ 40 l 4 6 
a a a A 
Total mean size (mm) 29 30 38 
Maximum (mm) 40 67 70 
Minimum (mm) 10 13 15 


CT - Computer tomography. 
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TABLE 3. MAXIMUM SIZE OF ACOUSTIC NEURINƏMAS 
INI TIALLY DESCRIBED AS CT-NEGATIVE (N = 28) 














Bad 
Size Qual- 
at CT  Sizeat ity CT 
Size Revision Surgery Pictures 
ANNEES CL EE, $S E OL E ON 
Q) I8 l 9 
1-5 ] ri 0 
G& - 10 ] 10 0) 
ll - 15 5 f 4 
16 - 20 3 2 2 
E Ellas ee ee 
Total mean size (mm) 3 10 
Mean of positives (mm) l 10 
Maximum {mm) 17 oi 
Minimum (mm) 3 2 


CT - Computer tomography. 
i york} 


(34%), 
studies (19% )'!' and in other research (25% 
and reflects the larger number of small tumors 
found in translabyrinthine specimens. This is the 
result of an active audiological diagnostic pro- 
cedure in one-sided perceptive deafness, including 
brainstem evoked response (BSER) and electrococh- 
leography. 


This value is higher than in our earlier 
} 3.12.29 


The ten cases found at CT revision emphasize the 
importance of keeping cerebellopontine angie in- 
vestigations limited to a few radiologists with a 
special interest in this field, but thev also refleet the 
fact that CT in our institution is not regarded as the 

ultimate diagnostic indicator for small tumors. It is 
much more important to find the larger accoustic 
neuromas of the so-called medial type without 





Fig. 2. Postinjection CT (EMI Mark I) demonstrating a 
slight, but distinct, contrast enhancement in a small left 
acoustic neurinoma, which was overlooked at the initial 
description. No edema is evident, and the fourth ventricle 
is not displaced but the left lateral recess is slightly cut off 
from view. Maximum CT diameter: 10 mm; size at 
surgery: 15 mm. Petrous tomography revealed slight 
dilatation of the internal acoustic meatus and porus. Pan- 
topaque cisternography showed nonfilling of the canal. 
Angiography was not performed. 


TABLE 4. MAXIMUM EXTRAMEATAL SIZE CF ACOUSTIC 





WJ RINOMAS WHICH COULE BE FOUND AT 
CT REVISION iN = 10) 





Size 

at CT Size at 

Size Fevision Surgery 

i fmm} OL) i No =) 
1-5 l 2 
6- 10 l l 
11- 15 5 4 
16 - 20 3 2 

27 0 1 s 
Tota: mean size (mm) 13 14 
Maximum (mm) 17 27 
Minimum (mm) 3 3 


CT - Corapater Tomography. 


meatal erosion, as these lesions mav cause increased 
intracranial pressure with verv few clinical signs. 


A fake positive CT in cerebellopontine angle 
diagnosis may lead to a translabyrinthine operation 
resulting in permanent deafness, A negative CT in- 
vestigation at our institution is followed by Pan- 
topaque cisternography, which will either in- 
validate the suspicion or demonstrate the tumor. 
There were no false positive cisternographies in this 
trans.abyrinthine series. * 


Finally, the problems of exact measurement of 
the size af large tumors during the operation, where 
the neoplasm is removed success:vely im very small 
pieces, must not be forgotten. Although we have 
tried to estimate the size as exactly as possible, an 








Fig. 3 A aie cen CT (EMI 10: 1.0) at a lewer level 
and By 5 mm higher level failed to demonstrate a left- 
sided acaustie neurinoma. Extrameatal size at surgery was 
10 mm, The CT picture was hampered oy black and white 
streakin martifacts traversing across the brainstem from one 
pyramic to the opposite pyramid, There is ao visible 
edema end the fourth ventricle is normal. Abnormal 
petreus tomography, and Pantopaque cisternography 
showed the tumor to protrude 2-3 mm into the angle 
cistern. Angiography was not performed. 


"CG yicenstad C, Lester J, Thomsen J, et al: Diagnostic accuracies of 
various ne ee ‘al procedures for cerebe lepontine-angle investiga- 
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TABLE 5. MAXIMUM DIAMETER AT SURGERY OF 
ACOUSTIC NEURINOMAS, WHICH COULD NOT BE 
SEEN AT CT REVISION 


LE RATA ll RRR AR RT YPN bee eei EE PORE AIAN 


Size at 
Size Surgery 
pees es a ee 
<i l 
1-5 3 
6 - 10 9 
PE. La ET EEES AAA.. OET 
Total mear size (mm) T 
” Maximum of Positives (mm) 15 
Minimum of Positives (mm) 2 


error of up to 5 mm is possible in larger tumors. In 
medium-sized tumors the measurement of the ex- 
trameatal diameter causes no difficulty. 


We feel it is important to correlate the 
preoperative size and the size of acoustic tumors 
estimated by CT for several reasons. In CT-positive 
tumors the invasive Pantopaque cisternography can 
be avoided and the treatment can be planned ac- 
cording to the size of the tumor and pathology of 
the fourth ventricle. If CT is negative, the ex- 
trameata! size of the tumor can be up to 15 mm and 
Pantopaque cisternography must be done in cases 
with abnormal internal meatus on _ petrous 
tomography, or in cases judged strongly suspicious 


by acoustic and vestibular test, especially BSER 
and/or a combination of BSER and elec- 
trocochleography. Besides the relatively few cases 
identified in this manner, there will be many cases 
with unilateral perceptive deafness where the 
tomography is normal and the reliability of tests as 
indicators of the retrocochlear origin of deafness is 
variable. CT will exclude a tumor larger than 15 
mm, and the patient may safely be reexamined one 
year later. If pure tone audiometry or discrimina- 
tion score deteriorates after the first examination, or 
if additional tests indicate retrocochlear origin of 
the hearing loss, a new CT and possibly Pantopaque 
cisternography are indicated. 


SUMMARY 


In a series of 53 acoustic neurinomas removed by 
translabyrinthine surgey, the maximum extra- 
meatal size estimated with CT was compared with 
measurements obtained at time of surgery. At CT 
revision ten small tumors were found. Pantopaque 
cisternography prior to CT impedes the diagnosis. 
In all but one case the CT size was smaller than the 
size at surgery. Eighteen of 53 tumors (34%) could 
not be seen with CT, one was purely intrameatal, 
14 were from 1 to 10 mm, 1 was 14 mm, and two 
tumors were 15 mm in diameter. The lower limit 
for CT detection in this material was 15 mm in 
diameter. 


REFERENCES 


l. Howasfield GN. Computerized transverse axial scanning 
tomography. L Br | Radiol 1973: 46:1016-23. 


2, Ambrose J. Computerized transverse axial scanning 
(tomography). I. Clinical application. Br J Radiol 1973: 
47:1023-47 


3. Dubeis PJ. Drayer BP, Boehnke M, Rosenbaum AE. Com- 
puted cranial tomography in the investigation of acoustic 
neurilemmenas. Australas Radiol 1976; 20:108-17. 


4. Gyldensted C, Lester J, Thomsen J. Computer 
tomography in the diagnosis of cerebellopontine angle tumors. 
Neuroradiciogy 1976; 11:191-7. 


5. Kendall B, Symon L. Investigation of patients presenting 
with cerebellopentine angle syndromes. Neuroradiology 1977: 
13:65-84. 


6. Davis KA, Parker SW, New PFJ, et al. Computed 
tomography of acoustic neuroma. Radiology 1977; 124:81-6, 


7. Salvelini U, Menichelli F, Pasquini U. Cerebellopontine 
expansive lesion. In: Baert A, Jeanmert L, Wackenheim A, eds. 
Clinical computer tomography. Berlin: Springer-Verlag, 
1978:79-103. 


8. New PF, Scott WR, Schnur JA, Davis KR, Taveras JM. 
Computerized axial tomography with the EMI scanner. 
Radiology 1974: 110:109-23. 


9. Greitz T. Computer tomography for diagnosis of in- 
tracranial tumours compared with other neuroradiologic pro- 
cedures. Acta Radiol (Stockh) 1975; Suppl 346: 14-20. 
Gyldensted C, Lester J. 


10. Thomsen f, Computer 


tomography of cerebellopontine angle lesions. Arch Otolaryngol 
1977: 103:65-9. 


11. Gyldensted C. Cranial computer tomography: radiological 
evaluation of the brain and orbits in normalcy and certain 
diseases. Thesis, FADLs Forlag, Copenhagen, 1978. 


12. Naidich TP, Lin JP, Leeds NE, et al. Computed 
tomography in the diagnosis of extra-axial posterior fossa masses. 
Radiology 1976; 120:333-9. 


13. Bergeron RT, Cohen NL, Pinto RS. Role of computerized 
tomography in the diagnosis of acoustic neuromas. Arch 


Otolaryngol 1977; 103:314-17. 


14. Kazner E, Aulich A, Grumme T. Results of computerized 
axial tomography with infratentorial tumors. In: Lanksch W, 
Kazner E, eds. Cranial computerized tomography. Berlin: 
Springer-Verlag, 1976:95-103. 


15. Schubiger O, Valavanis AA, Menges H. Computed 
tomography for small acoustic neuromas. Neuroradiology 1978; 


15:287-90. 


16. DiTullio MV, Malkasian D, Rand R, A critical comparison 
of neurosurgical and otolaryngological approaches to acoustic 
neuromas. J Neurosurg 1978; 48:1-12. 


17. House WF, Transtemporal bone microsurgical removal of 
acoustic neuromas. Arch Otolaryngol 1964; 80:599-756. 


18, Tos M, Thomsen J. Translabyrinthine surgery of acoustic 
neuroma. Acta Otolaryngol (Stockh) 1978; Suppl 360:45-7, 


19. King TT, Ambrose JAE. CAT scanning in tumours of the 
cerebellopontine angle. In: de Boulay HG, Moseley IF, eds. Com- 
puterized axial tomography in clinical practice. Berlin: Springer- 
Verlag, 1977:134-8. 


SURGICAL TREATMENT OF REC. 


Ann Otol 89:1980 





RRENT PERILYMPH 


FISTULA WITH ANACUSIS 
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A woman with substantiated well-preserved premorbid cochlear functioa developed right-sided anacusis due to a perilymph fistula 


twice at an interval of 20 months. The fistula was presumably a sequel to previous 


sions she was treated surgically with a good result. 


A perilymph fistula, spontaneous or traumatic, 
may result in major or minor hearing loss as well as 
in tinnitus and vertigo. The diagnosis is important, 
as surgical treatment, closing the fistula, may great- 
ly improve the vertigo, whereas the effect upon the 
hearing loss and tinnitus is often less satisfactory. In 
the case presented below a perilymph fistula and 
anacusis occurred twice in the same patient and was 
treated both times surgically with a good result. 


CASE REPORT 


The patient was a 48-year-old female who had, a 
few years previously, had two right-sided ear opera- 
tions by another surgeon, first mastoidectomy 
because of cholesteatoma and later tympanoplasty, 
without any improvement of hearing. She had not 
suffered from vertigo either before or after these 
operations. Figure 1A presents the audiogram prior 
to the latter operation. After the operation the air 
conduction levels were completely unchanged. Un- 
fortunately, no bone conduction values are 
available, but the discrimination loss of 8% does 
not indicate a major perceptive hearing loss. 


The patient did not attend follow-up, and we did 
not see her until 30 months later. At that time she 
had been suffering for two months from intermit- 
tent, but progressive nautical vertigo. She had lost 
her last remnant of hearing and had throbbing tin- 
nitus. The patient did not recall any provocative 
factors or infections. An audiogram showed 
anacusis in the right ear (Fig. 1B), but no spon- 
taneous nystagmus. Vestibular test by the method 
of Hallpike showed a reduced, but not extinguished 
reaction in the right ear. Tomography of the tem- 
poral bones done to examine the internal osseous 
acoustic pores failed to show any abnormalities, as 
did the other otoneurological tests. Otomicroscopy 
also showed nothing of note. On suspicion of 
perilymph fistula, surgical exploration was done on 
the right ear. This revealed perilymph in the miche 
of the oval window. All that remained of the stapes 


sperative damage to the stapes footplate. On both occa- 





was the posterior limb and the footplate. The 
posterior limb seemed to have been pressed through 
the foetplate, giving rise to a fistula between the 
two. The posterior limb was removed, and the leak 
in the fwotplate was sealed with fascia and muscle. 
A less marked slit in the round window was similar- 
ly covered. There were no signs of cholesteatoma, 
and the middle ear was closed without an attempt 
at reeenstructing the ossicular chain. The 
postoperative course was uneventful, and the ver- 
tigo improved. The tinnitus was unchanged, but 
did not annoy the patient as much as previously. 
Hearing improved appreciably and remained con- 
stant. At follow-up 18 months later (Fig. 1C) the 
bone ceaduction levels were as good as prior to the 
original mastoidectomy. 


Twenty months after the fistula operation the pa- 
tient retarned. One week previously, when lifting a 
bucket cf water, she had heard a click in the right 
ear. The hearing in this ear disappeared complete- 
lv, amd she experienced violent vertigo with move- 
ment hallucinations of the nautical type, accom- 
panied y tinnitus. Audiograms again showed 
right-sided anacusis (Fig. 1D), 





The fellowing day a reoperation on the right ear 
was done on a suspicion of recurrent fistula. The 
regions f the footplate and of the round window 
were dissected free. It was not possible to detect a 
definite ‘istula, but in the course of the operation a 
small «quantity of a clear, perilymph-like fluid col- 
lected im the niche of the oval window. The niches 
of the round and oval windows were obliterated by 
perichorarium and cartilage from the tragus. The 
postoperative course was uncomplicated. The pa- 
tient deelared that the severe vertigo had disap- 
peared immediately after the operation. An 
audiogrgan on the second postoperative day (with a 
mèche ir the ear) showed definitely improved air 
and bone conduction thresholds (Fig. 1E). Six 
weeks.later (Fig. LF) the bone conduction levels had 
returned.almost to normal, the air conduction levels 
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Fig. I Audiograms of right ear. A) After tympanoplasty (preoperative bone conduction level); B) At the first attack of 
anacusis: €) After closure of the perilymph fistula: D} At the second attack of anacusis; E) On the second day; and F) Six 
weeks respectively after the perilymph fistula had been closed for the second time. Bone conduction level (EF) is equally 


good as in “ig. 1A before the patient developed anacusis. 


were better 
was 0%. 


han before, and discrimination loss 


DISCUSSION 


In 1968 it was reported by Simmons’ that sudden 
deafness, wih or without vertigo and tinnitus, 
might be due to rupture of the inner ear mem- 
branes. Acco ding to Goodhill? such rupture could 
be due either to an action upon the inner ear via the 
middle ear end its structures, the so-called “im- 


plosive” route, or as demonstrated by Harker et al’ 
to an increased pressure of the cerebrospinal fluid 
(CSF) affecting the pressure in the inner ear along 
the cochlear aqueduct, the “explosive” route. 


Pullen* and Healy et al’ have pointed out that 
anatomical variations in and around the round win- 
dow may play a role, and Goodhill et alf have 
demonstrated appreciable individual variations in 
the diameter of the cochlear aqueduct. The diagno- 


* 


SURGERY IN PERILYMPH VISE 


sis of perilymph fistula is difficult or impossible to 
make preoperatively, and surgical exploration is 
recommended %57 if there is a suspicion of fistula. 
Since presumably there is some tendency to spon- 
taneous healing, others®™ "° have suggested temporiz- 
ing for a week after the onset of symptoms. During 
that period strict bed rest is recommended, and the 
Valsalva maneuver should be avoided. If the symp- 
toms do not essentially improve, they too recom- 
mend surgical exploration and sealing of a possible 
fistula with fascia or perichondrium as well as mus- 
cle, fat, or cartilage supported by Gelfoam®. 

Postoperatively strict bed rest with raised head end 
is recommended. Physical exertions should be pro- 
hibited during the first months, and any increase in 
the CSF pressure for other reasons should be avoid- 
ed. The long-term results’?'' indicate that vertigo 
improves in almost 100% of the cases, tinnitus 
disappears completely in about 50% and improves 
in 50%, while hearing loss improves in only 50%, 
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remains unchanged in about 25%, and worsens in 
the remafing 25%. 





The owesent case is remarkable in developing 
recurrent anacusis after having shown before both 
occasions a well-substantiated cochlear reserve. 
Both times the anacusis remitted after surgery. This 
is not saving that the spontaneous course would not 
have been just as favorable. However, the symp- 
toms had persisted for two months before the opera- 
tion in #£e first attack and had appreciably im- 
proved ‘cur weeks after. At the second attack the 
symptorss had been present for only one week and 
disappeared immediately after the operation. 














The genesis of the fistula in this patient, in whom 
the postemior limb of the stapes had been pressed 
through is footplate, was presumably operative 
damage curing one of the previous operations, 
causing a ocus minoris resistentiae which has then 
given rise to a manifest fistula two years later. 
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ADDENDUM 


After the last operation the patient suffered from some degree 
of vertigo and tinnitus. The symptoms were ascribed to a tubal 
occlusion with a negative pressure of -200 mm H:O, which was 
difficult to treat. This tinnitus and vertigo suddenly disappeared 
six months after the last operation — and so did the hearing. 
Audiogram showed that the patient had developed right sided 
anacusis for the third time. We hesitated to do another ex- 
plorative tympanotomy. After ten days of conservative treatment 
the anacusis was still present, and the patient pleaded for yet an- 
other operation, which was then performed. The oval window 
seemed sufficiently sealed, but after removal of occluding tissue 
the footplate was seen to be covered by a very small amount of 
perilymph. After removal with the suction it took three or four 
minutes before another drop of perilymph reappeared. No defect 
of the footplate could be discovered. The oval window niche was 
reobliterated with fascia, bone chips and bone dust. Immediately 
after the operation the patient claimed that hearing had returned. 


Bone condecion thresholds three hours alter the operation were 
almost nosrmalized identical to the values shown on Fig. IF. 
There was no loss of discrimination. This audiogram was un- 
changed when the patient was last seen six weeks after the opera- 
tion. The question which arose after this most surprising reap- 
pearance cf an almost normal cochlear reserve only three hours 
after reoblie-ation of the oval window niche was whether the pa- 
tient had had an anacusis at all, or instead had suffered from a 
psychogenir deafness. Audiological tests however including the 
Weber test before and after the operation showed that this was 
not the cass. The conclusion which can be made is that a very 
small perilxemph leakage may cause anacusis. Apparently this is 
caused by simple electromechanical factors since restoration of 
hearing mas appear so promptly. It is also notable, that the 
restoration-aecurred immediately after sealing of the leak, even 
though the««chlea had been nonfunctioning for the previous ten 
days. 


Ann Otol 89:1980 


PULMONARY EDEMA FOLLOWING RELIEF OF ACUTE UPPER 
AIRWAY OBSTRUCTION 


ANTONIO G. GALVIS, MD 


SYLVAN E. STOOL, MD 


CHARLES D. BLUESTONE, MD 


PITTSBURGH, PENNSYLVANIA 


Five children, azed one to five years, with severe upper airway obstruction, three of whom had epiglottitis and two of whom had 
laryngotracheobronchitis, developed acute pulmonary edema after the obstruction had been relieved by placement of an artificial airway. 
Although major physiologic changes, such as hypoxemia and massive sympathetic discharge, play a significant role in the development of 
acute pulmonary edema, we have postulated a possible etiological cause for the development of pulmonary edema in these children which 
involves a series of physiologic events. The generation of very high transpulmonary pressure gradients during inspiration is opposed by a 
decreased venous return due to the obstruction during exhalation. Airway pressures then fall abruptly with the insertion of the artificial 
airway, resulting in a sudden increase in venous return to the central circulation and marked increase in the intravascular hydrostatic 
pressures. The final result of this series of events is the development of pulmonary hyperemia and edema. The prevention of this situation 
must begin the moment the airway is inserted and involves the application of moderate amounts of continuous positive pressure to the air- 


way, thus allowing time for circulatory adaption to take place. 


In classical descriptions of the treatment of acute 
upper airway obstruction, intubation or trache- 
ostomy usually results in dramatic improvement in 
respiratory gas exchange. In some rare instances, 
however, the patient has become worse. During a 
one-year period at Children’s Hospital of Pittsburgh 
(CHP), five children who were treated for upper 
airway obstruction due to a variety of causes suf- 
fered such deterioration as a result of the develop- 
ment of pulmonary edema after treatment. The 
purpose of this report is to describe this group of 
children, the laboratory, and the radiographic find- 
ings. We postulate the mechanism of the pulmonary 
changes and feel the recognition of the cir- 
cumstances which may be responsible for these 
events prior to intubation or tracheostomy may help 
to anticipate anc thus avoid pulmonary edema. 


CASE REPORTS 


Case 1. A 13-month-old Caucasian male had developed a fever 
five days prior to his admission to the hospital. Subsequently he 
also developed anorexia, a croupy cough, and progressive 
respiratory distress. Shortly before admission to CHP, he became 
cyanotic and markedly dyspneic. On admission, he was a well- 
developed child in moderate respiratory distress with deep retrac- 
tions, cireumoral cyanosis, and poor air entry on auscultation of 
both hemithoraces. The child was diagnosed as having laryn- 
gotracheobronchitis, for which medical management was begun. 
Arterial blood gas analyses following a single dose of nebulized 
epinephrine showed a PaO, of 89 mm Hgon 40% O,, and PaCO, 
of 36 mm Hg, and a pH of 7.36. A chest radiograph was 
unremarkable except for haziness and narrowing of the air col- 
umn just below the glottis. Despite an initially good response to 
epinephrine, the child relapsed into severe respiratory distress and 
a tracheostomy was performed. Upon his return to the intensive 
care unit (ICU), he still had severe inter- and subcostal retractions 
and crepitant rales in all lung fields. Moderate amounts of pink, 
foamy secretions were frequently suctioned from the 


tracheostomy tube. Arterial blood gas analysis on 60% O, showed 
a PaO, of 67 mm Hg, a PaCO, of 39 mm Hg, and a pH of 7.32. A 
chest radiograph obtained a few minutes after the child’s return 
to the ICU revealed diffuse haziness, increased vascular markings, 
and multiple areas of patchy infiltrates throughout both lung 
fields compatible with pulmonary edema. The child was treated 
with supplemental O, and fluid restriction. A subsequent arterial 
blood gas analysis on 40% O, 18 hours later revealed a PaO, of 72 
mm Hg, a PaCO, of 32 mm Hg, and a pH of 7.39. When the child 
was discharged from the ICU 24 hours later he was still having 
mild retractions; however, auscultation of the lungs at this time 
revealed improved air entry and a decrease in the previously 
noted adventitious sounds. 


Case 2. A five-year, two-month-old, previously healthy male 
developed a fever, dyspnea, stridor, hoarseness, and drooling over 
a period of a few hours. The diagnosis of acute epiglottitis was 
made in the CHP emergency room, and he was transferred to the 
operating room where, under general anesthesia, direct visualiza- 
tion confirmed the diagnosis of epiglottitis and a nasotracheal 
tube was inserted. Upon the patient's arrival in the ICU it was 
noted that relief of the airway obstruction had not completely 
reversed the signs of respiratory distress: he had inter- and sub- 
costal retractions and was cyanotic when breathing ambient air. 
Arterial blood gas analysis on 40% O, showed a PaO, of 47 mm 
Hg, a PaCQO, of 32 mm Hg, and a pH of 7.38. A continuous, 
positive-pressure breathing device was attached to the 
tracheostomy tube so that 7.5 cm of continuous pressure could be 
administered with the child breathing spontaneously. 


Subsequent blood gas analysis on 100% O, showed a PaO, of 
390 mm Hg, a PaCO, of 38 mm Hg, and a pH of 7.37. The child's 
respiratory distress gradually improved and he was weaned from 
continuous, positive-pressure breathing and O, without difficul- 
ty. He was successfully extubated within 48 hours. 


Case 3. A two-year-old Caucasian male was admitted with a 
history of a “barking” cough, fever of three days duration, and 
progressive respiratory difficulty. He was diagnosed as suffering 
from croup, and numerous treatments with racemic epinephrine 
gave only transient relief. Two days after his admission, the 
child’s dyspnea became more severe and a tracheostomy was per- 
formed under general anesthesia without difficulty. A few 
minutes after the airway obstruction was relieved, the child was 
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___ TABLE 1. RESULTS OF BLOOD GAS ANALYSES IN FIVE CASES OF PULMONARY EDEMA ; 
Before Relief of Obstruction Shortly After Relief After Treatment with CPAP 
PaO, AaQ, PaCO; FaOQ, AaDO, PaCO, PaO, AaDO, PaCO, 
Case mm mm mm mm omm mm mm mm mm 
No. F,O, Hg Hg pH He _F,O, Hg Hg pH Hg FO, Hg Hg pH Hg 
] 0.40 89 155 736 36 0.6 67 314. 7.32 39 0.4 72 176 739 32 
2 0.4 47 201 738 3 10 390 372 7.37 38 
3 1.0 20 6 7.38 46 10 331 339 7.49 30 
4 1.0 21 629 7.31 50 10 350 312 7.40 38 
3 0.40 148 96 7.39 36 0.4 60 184 7.34 36 0.4 145 100 7.40 35 


Arterial pH, PaO,, and PaCO, were measured within 30 minutes after 


calculated using a simplified form of the alveolar gas sgrion AaDD, = | 
tial pressure of water vapor in saturated air. CPAP - 


noted to have severe cyanosis, not improved by 100% O, and 
manual ventilation. Abundant frothy material was suctioned 
from the trachea during the procedure. On admission to the ICU, 
the arterial blood gases on manual ventilation with 100% Q, 
revealed a pH of 7.38, a PaCO, of 46 mm Hg, a PaO, of 2) mm 
Hg, and an HCO, level of 26 mEq. A chest radiograph showed in- 
creased vascular markings and generalized haziness throughout 
both lung parenchymas. A diagnosis of acute pulmonary edema 
was made, and the child was placed on assisted ventilation. Cne 
hour after the initial blood gas determination, the PaO, had in- 
creased to 331 mm Hg on 100% O., the pH was 7.49, and the 
PaCO, 30 mm Hg. The child continued to improve and was 
weaned from assisted ventilation within 12 hours. Upon discharge 
from the unit, the arterial blood gases on 40% O, showed a PaO, 
of 149 mm Hg, a PaCO, of 34 mm Hg, and a pH of 7.45. 


Case 4. The patient was a three-year, four-month-old Cauca- 
sian male, healthy until three days prior to his admission. when 
he had developed a febrile illness characterized by anorexia, ir- 
ritability, sore throat, dysphagia, and progressive dyspnea. 5ix 
hours prior to admission he developed stridor which rapidly pro- 
gressed to acute airway obstruction. He was referred to CHP, but 
during transit he became almost completely obstructed and was 
taken to the nearest hospital, where a small endotrachea) tube 
was inserted. At this time the diagnosis of acute epiglottitis was 
established. He was then transferred to CHP. Upon arriva! in the 
emergency room, frothy sanguinous fluid was suctioned fram the 
endotracheal tube. The decision to perform a tracheostomy was 
made in the emergency room on the basis of the copious chest 
secretions and inability to ventilate the child adequately. A 
tracheostomy was performed in the operating room, at which 
time copious tracheobronchial bloody secretions were notec. En- 
doscopy revealed no area of bleeding related to the intubation or 
tracheostomy. 


The patient's subsequent course in the ICU was complicated by 
progressive respiratory failure due to hemorrhagic pulmonary 
edema, severe pulmonary hypertension, and right-sided ven- 
tricular failure. 


The patient’s blood gases on admission to the ICU, while 
breathing spontaneously on 100% O,, revealed a PaO, of 122 mm 
Hg, a PaCO, of 21 mm Hg, and a pH of 7.31. Postoperatively the 
child was noted to have bilateral pneumothorax, probably related 
to the high pressures necessary to provide adequate ventilation, 
necessitating drainage with chest tubes. During the following 
three hours his oxygenation deteriorated markedly (PaO, of 21 
mm Hg on 100% O,) in spite of assisted ventilation with a pasitive 
end expiratory pressure (PEEP) of 10 cm (Table 1). The patient's 
subsequent course in the ICU was characterized by progressive 
hypoxemia which was unresponsive to controlled mechanical ven- 
tilation with 100% O,, neuromuscular blockade with metecurine 
iodide, and 16 cm PEEP. A right-sided cardiac catheterization 
revealed marked pulmonary hypertension suggestive of severe 
obstruction to pulmonary blood flow. In an attempt to relieve the 
pulmonary hypertension, ¢hlorpronazine and morphine were 
tried. These drugs produced only transient improvement. Tol- 
azoline was also used with no response. The pulmonary artery 
pressure measured with a Swan-Ganz catheter continued tc be in 
the range of 80 to 90 systolic over 40 to 50 diastolic (systemic blood 


each change in FCO. The alveolar-arterial oxygen tension gradient (AaDO;) was 
(Pb-pH,Q) F,0, — PCO, PO, where Pb = barometric pressure and PH,O = par- 


ontinuous posilive airway pressure. 


pressure 120/80). In an attempt to relieve this pulmonary 
hypertensien, sodium nitroprusside at a constant infusion of 4 
yg/kg/min was administered. The optimal PEEP was found to be 
about 7 cm H,O. Very gradually his oxygenation began to im- 
prove, andihe was weaned from all medications and assisted ven- 
tilation over a one-week period. At this time his blood gases while 
breathing 30% oxygen revealed a PaO, of 350 mm Hg, a PaCO, 
of 30 mm Eg and a pH of 7.40. This child was the most critically 
ill of this grup of patients. The lack of response of the pulmonary 
edema ‘o the therapy was difficult to explain. 


Case 5. à three-year-old male was healthy until one day prior 
to his admission when he developed a fever, noisy respirations, 
and droolimg. Shortly afterwards, he became anxious, frightened, 
and dusky with shallow, rapid respirations. The physical ex- 
amination in the emergency room showec a child in respiratory 
distress with inspiratory and expiratory obstruction and flaring, 
somewhat anxious and dusky. Auscultation of the chest revealed 
adequate air entry and no rales or rhonch.. He was diagnosed as 
having acute epiglottitis, and was taken directly to the operating 
room, where he was anesthetized and an endoscopy was per- 
formed. Te diagnosis of epiglottitis was confirmed and a 
nasotraches! tube was inserted without difficulty. A continuous, 
positive-pressure setup was attached to the endotracheal tube, as 
soon as the endotracheal tube was inserted, to provide 5 cm of 
continuous. positive pressure. This has tkecome routine in our 
management of these patients in order :o prevent pulmonary 
edema. Upon the patient’s arrival in the KCU, his arterial blood 
gas analysis on 40% O, showed a PaO, of 148 mm Hg, a PaCO, of 
36 mm Hg. and a pH of 7.39. A chest rediograph revealed the 
heart tc besof normal configuration, clear iung fields, and the tip 
of the endetracheal tube located just below the vocal cords (Fig. 
1A). During recovery from the anesthesia the child became 
agitated and the tube become dislodged. The child’s airway 
became severely obstructed. The child was taken back to the 
operating room and reintubated, but :nadvertently did not 
receive continuous, positive-pressure breathing. Upon return to 
the ICU, e child was noted to have :ntercostal retractions, 
labored breathing, and to be spilling copious, pink, frothy secre- 
tions from the endotracheal tube. Auscultation of the chest re- 
vealed abuadant rales throughout both lung fields. Arterial blood 
gases draws to 40% O, showed a PaO, of 60 mm Hg, a PaCO, of 
36 mm Hg. and a pH of 7.34. A chest radiograph showed acute 
pulmonarydema of both lung fields (Fig. 1B) and a heart within 
normal limits; a pressure of 7.5 cm water was immediately ap- 
plied te the airway. This resulted in rapid improvement in ox- 
vgenation. “rterial blood gases of 40% O, showed a PaO, of 145 
mm Hg, a PaCO, of 35 mm Hg, and è pH of 7.40. A chest 
radiograph: showed marked improvement of the pulmonary 
edema (Fig 1C). The continuous positive a.rway pressure (CPAP) 
was progressively withdrawn, and the child was successfully ex- 
tubated 48 hours later. 





DISCUSSION 


The cecurrence of pulmonary edema during 
acute upper airway obstruction has been previously 
reported in children and adults by Travis et al’ and 
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Fig. l. (Case 5) A three-year-old male with acute epiglottitis and severe airway obstruction. A) Anteroposterior view of 
the chest shows a heart of normal size and slightly increased vascular marking: otherwise, the lung fields are unremarkable. 
B) Anteroposterior chest roentgenogram shows the tip of the endotracheal tube (arrow) in a good position, and generalized 
pulmonary edema. C) Repeat chest roentgenogram 12 hours later shows increased vascular marking and complete clearing of 
pulmonary edema. 


Oswalt et al,’ respectively. It appears that those pa- 
tients developed fulminant pulmonary edema prior 
to the relief əf the airway obstruction. However, 
from the description of the two children reported by 
Travis et al’ and the three cases reported by Oswalt 
et al,’ it is evident that the pulmonary edema 
developed immediately or shortly after the relief of 
the obstruction. Due to the urgency of the situation, 
arterial blood gas analyses and radiographic evalua- 
tions were not performed prior to the relief of the 
obstruction. Two of the five children upon whom 
we have reperted had the benefit of such evalua- 
tions and although the physiologic studies were in- 
complete, the-clinical picture was quite striking and 
deserves further investigation. Although the true 
frequency of pulmonary edema following acute up- 
per airway obstruction is unknown, it appears to be 
relatively uncommon. In many cases it undoubtedly 
goes unrecognized. 


The patients reported in this paper were known 
to be healthy prior to their acute illness and episode 
of airway obstruction. A meticulous review of their 
records revealed no evidence of excessive adminis- 
tration of intravenous fluids before or during this 
episode. Ther were expected to improve dramati- 
cally once the airway obstruction was bypassed by 
an artificial airway, yet they developed hypoxemia 
and clinical and radiological signs of pulmonary 
edema. Newth et al,’ in a prospective investigation 
of 35 children with croup, found that 29 were hy- 
poxemic; however, none of these children required 
an artificial airway. Our experience has been sim- 
ilar to theirs. We were able to document a signifi- 
cant alveolar-arterial oxygen gradient in the 
presence of normal chest roentgenograms. prior to 
the relief of the airway obstruction, in two of our 
patients (cases 1 and 2). 


The etiology of this gas exchange failure is not 
clear. A numer of factors could have contributed 
to an alveolar-arterial oxygen difference, including 


right-to-left shunting, imbalance between ventila- 
tion and perfusion, or a diffusion defect. It is possi- 
ble that the lower airways were also involved. Szpu- 
nar and associates, who undertook gross and 
microscopic studies of 13 children who had died in 
the acute phase of croup subsequent to tracheos- 
tomy, found definite evidence of lower inflamma- 
tory disease. The physiological changes, which in 
these cases had led to a nonuniform distribution of 
airway resistance, had resulted in a maldistribution 
of ventilation and hypoxemia. A second possible ex- 
planation for the pulmonary dysfunction is that 
prolonged breathing through a high resistance pro- 
duces pulmonary edema. The mechanisms for this 
occurrence are not quite clear, but it has been sug- 
gested that the hypoxemia present with upper air- 
way obstruction causes pulmonary arteriolar con- 
striction.*.° This hypoxemia can also cause a massive 
sympathetic discharge, resulting in systemic vaso- 
constriction and a shift of blood to the pulmonary 
circulation.’ Consequently, pulmonary perfusion 
pressures increase, favoring the formation of edema 
across the alveolar membrane. Inspiration through 
a closed glottis exaggerates the effects of the nor- 
mally negative transpulmonary pressure,’ and 
transmission of this pressure to the peribronchial in- 
terstitial space may “aspirate” intravascular fluid to 
such an extent that the lymphatics cannot remove it 
from the lung.” The resultant alveolar interstitial 
edema would explain the relative hypoxemia found 
in children with acute upper airway obstruction. 
The lack of signs of pulmonary edema, both on 
physical and on radiographic examination, in two 
of our patients, prompted this report: even though 
the factors mentioned above must play a significant 
role in the initial stage of pulmonary edema, we 
would like to propose a series of physiological events 
to explain the development of pulmonary edema in 
these patients. 


Normally during inspiration the pleural pressures 
vary from — 2,5 to — 10.0 cm water. During expira- 
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tion, depending upon whether it is quiet or vigor- 
ous, the pleural pressure ranges between —5 and 
+10 cm water. These normal pleural pressure 
changes are markedly altered during upper airway 
obstruction. During inspiration, negative intra- 
pleural pressure can reach levels lower than — 30 
cm water, depending upon the vigor of the inspira- 
tion and the severity of the obstruction. This is com- 
parable to a Müller maneuver."""" Highly negative 
pleural pressures, when transmitted to the inter- 
stitial peribronchial and perivascular spaces, might 
disrupt the anatomic integrity of the capillary walls 
of the pulmonary microvasculature. The severity of 
this damage would depend on the intensity of the 
negative transpulmonary pressure. Simultaneously, 
these same highly negative transpulmonary pres- 
sures would enhance venous return to the right side 
of the heart, therefore increasing the “preload,” 
and consequently the pulmonary vascular, hydro- 
static pressures. During expiration, however, due to 
the airway obstruction, the pressures are now com- 
parable to those in a modified Valsalva maneu- 
ver. The above-mentioned cardiovascular abnor- 
malities are opposed by positive transpulmonary 
pressures. The expiratory obstruction present in 
these patients can be compared to the grunt, so 
characteristic of many clinical conditions in infants 
and children. This physical finding was for years in- 
terpreted only as a sign of distress or discomfort. 
Harrison et al’? demonstrated it to be a modified 
Valsalva maneuver, as during expiration intra- 
pleural pressure was increased by closure of the 
glottis and contraction of the abdominal muscles. 
Harrison et al? prevented grunting by intubating 
the trachea, but during this period the arterial ox- 
ygen tension fell. After extubation, grunting re- 
turned and the arterial oxygen tension rose to 
previous levels. A Valsalva maneuver would raise 
the pleural pressures and would decrease the venous 
return, thereby decreasing pulmonary vascular fill- 
ing and the hydrostatic forces favoring transudation 
of fluid into the lungs. In a way, the expiratory 
obstruction component of acute upper airway ob- 
struction acts as a form of “retard” or positive 
pressure applied to the expiration phase (a medified 
Valsalva maneuver), which exerts a protective ef- 
fect in these patients. The hemodynamic conse- 
quences produced by an abrupt fall in airway pres- 
sure, caused by the relief of the obstruction without 
added positive expiratory pressure, might produce a 
sudden increase in venous return due to an acute 
redistribution of the intravascular volume from the 
peripheral bed to the central circulation. This 
results in an acute increase in the hydrostatic 
pressures of fluid-exchanging vessels, resulting in 
the development of pulmonary hyperemia and 
edema. The severity of this edema might be in- 
fluenced by the number of damaged capillaries as 
well. Contributing factors are the increased load on 
both ventricles and the inability of the pulmonary 
lymphatic system to handle large amounts of fluid 
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Fix, 2. Schematic representation of ohysiological 
charges leading to pulmonary edema following treatment 
fer avute upper airway obstruction. 


acutely (Fig. 2).*° 

When these factors are considered, we conclude 
that ir any child who suffers from severe acute air- 
way obstruction and whose obstruction must be re- 
lieved suddenly, the application of moderate 
amourts of CPAP could be beneficial in terms of 
preversing the above-mentioned hemodynamic 
changes while allowing time for circulatory adap- 
tion tc take place. 









In addition to decreasing the venous return and 
therefcre the preload, application of positive 
pressure will also prevent the premature closure of 
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the airways or expiration. If any degree of pul- 
monary edema has developed, it will help to redis- 
tribute the edema fluid from the airways into the 
interstitium an ł will thin the fluid lining in the ex- 
panded alveoli The physiological effect of CPAP 
will be improved functional residual capacity, de- 
creased intrapalmonary shunting, and increased 
arterial oxygenation. 


Prevention must begin the moment the airway is 
inserted. The fothy secretion from the lungs will 
appear within a few minutes, should care not be 
taken to decrease the patient’s high intrathoracic 
pressure. Becatse of the possibility of respiratory 
failure and its 2onsequences, these patients should 


be observed in an intensive care setting and receive 
respiratory support. This support should consist of 
the judicious use of CPAP applied to the airway im- 
mediately after the obstruction is relieved and 
maintained according to the arterial blood gas 
analysis and the AaDO,. This method of assisted 
ventilation should be discontinued gradually over 
the next 24 to 36 hours. The administration of 
cristaloid solutions and blood products should be 
carried out with great caution. The patient should 
be monitored and have frequent radiographic ex- 
aminations of the chest it the arterial oxygenation 
deteriorates. If the patient's condition becomes 
worse, fluid restriction and diuresis are indicated to 
prevent additional complications. 
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IES OF DENTAL ORIGIN 





S 
M. O. EGBUE, MB, FRCS (Ed) 


ENUGU, NIGERIA 


The use of dentures is becoming common even among Africans. So also is the problem of swallowed and impacted dentures, Their 
radiolucence makes radiological localization almost impossible, and because of tueir rigidity, large size, irregular and unyielding edges, 
impacted dentures are apt to produce lacerations during endoscopic removal from gullets rendered friable by inapaction. Three patients 
with impacted radiolucent dentures are described in order to illustrate the problems of removal. It is suggested that the safest and most ef- 
fective method of removing impacted dentures in the esophagus is through an elective open esophagotomy. 


Early European visitors to Nigeria often referred 
to the “perfect row of white teeth” of her indigens. 
That image is all but totally eroded. Owing to tooth 
loss due largely to caries and periodontal disease!’ 
many Nigerians need and do use dentures. A sur- 
prising 5% of 80 esophageal foreign bodies recently 
reported from Enugu, Nigeria were dental in ori- 
gin, mostly dentures.? The problem is likely to get 
worse. While endoscopic removal of esophageal 
foreign bodies is nearly always possible,’ the 
method seems to us unsuitable for impacted den- 
tures. Three recent cases are described which 
highlight the problems involved and it is suggested 
that the primary approach to their removal should 
be through an open esophagotomy. 


CASE REPORTS 


Case 1. A 21-year-old male was admitted to the University of 
Nigeria Teaching Hospital (UNTH), Enugu from another 
hospital on May 21, 1976, three weeks after accidentally swallow- 
ing his denture. A chest radiograph and esophagoscopy done at 
the former hospital were said to reveal no foreign body but the en- 
doscopist reported a solid resistance suggestive of an impacted 
foreign body and felt that the latter had been successfully pushed 
into the stomach. The patient’s symptoms persisted, however. In 
addition, at the UNTH he began to experience paroxysmal cough 
on swallowing liquids. A plain radiograph of the chest showed no 
foreign body. But an esophagogram showed leakage of contrast 
into the right lower lobe. An adult esophagoscope was passed 
without difficulty into the stomach. No foreign body was seen, 
although a solid resistance was encountered on the posterior wall 
of the esophagus at 22 cm. At this level the esophageal mucosa 
was red and edematous, but no fistula was detected. Bubbling 
secretions were seen to well into the bronchus intermedius inter- 
mittently at bronchoscopy, 


At thoracotomy on June 21, 1976, a hard mass was felt in the 
esophagus just below the arch of the azygos vein. The esophagus 
felt edematous and friable and the overlying pleura red and 
adherent. A vertical esophagotomy was made and revealed an 
acrylic upper anterior partial denture measuring 3.5 x 3.9 cm 
(Fig. 1). Its single tooth was directed proximally, and the denture 
was impacted transversely across the esophagus with its concave 
surface adjacent to the lumen fading imperceptibly into the in- 
flamed mucosa of the esophagus. The edges were embedded a few 
millimeters into the edematous esophageal wall while one of the 
jagged edges had eroded anteriorly through the wall of the 


esophagus: producing a fistula 0.5 cm in diameter into the bron- 
chus intermedius. The fistula was divided, its esophageal and 
bronchial edges freshened and closed transversely. Apart from 
severe sepsis recovery was uneventful. Two years after the repair 
the patient remained symptom-free. Esophagoscopy and 
esophagogram revealed neither a fistula ror stricture. 


Case 2. A 31-year-old male accidentally swallowed his denture 
on November 17, 1977 and complained cf precordial discomfort 
and dysphagia. A chest radiograph showed no foreign body. At 
esophagoseopy an acrylic upper dental prosthesis with a single 
tooth was found lying across the esophageal lumen at 30 cm. At- 
tempts to pall. push or rotate the denture failed to move it but the 
endoscopist feit that the tooth had penetrated the esophagus and 
so referred the patient to one of us. At thoracotomy a perforation 
of the esopiagus by the tooth of the prosthesis was evident. There 
was marked periesophagitis, The esophagus was edematous and 
friable. The tooth was abutting on but not piercing the inferior 
pulmonary vein. A denture measuring 3.¢ x 2.5 em was removed 
through a longitudinal esophagotomy, which was then closed 
transverse.y. Apart from a wound irfection recovery was 
unevertfu. 


Case 3. An almost edentulous female of 60 years who had worn 
a partial anterior upper denture for ten years, accidentally 
swallowedit during a meal. She was admitted to the UNTH three 
weeks later and on March 20, 1978 complaining of excessive 
salivation, <lysphagia to solids and liquids and suprasternal pain. 
She felt scmething “stuck in her gullet” but a chest radiograph 
revealed newforeign body. An esophagogram showed irregular fill- 
ing detects proximally in the thoracic inlet suggesting a foreign 
body. At asophagoscopy the mucosa at 20 cm was red and 
edematous. The lip of the esophagoscore encountered a rigid 
resistance at 22 cm beyond which no further advance was possi- 
ble. Ne poe body was otherwise discerned. At thoracotomy on 
April 10, 1978, a large solid substance was palpable in the 
esophagus from the thoracic inlet to the level of the arch of the 
azygos vein. The esophagus was edematous and the overlying 
pleura redsind adherent. Having divided the azygos arch, a ver- 
tical esophagotomy was made. An all acrylic upper partial den- 
ture measuring 4.5 x 4.5 cm was seen impacted sagittally across 
the esophagus (Fig. 2A). The teeth were directed inferiorly and 
the lumen almost completely obstructed. The lateral edges were 
embedded for a few millimeters in the edematous esophageal wall 
without gaing through it. The denture was eased out, the 
esophagotemy closed transversely and a piece of parietal pleura 
used to cower the suture line. 


Postoperatively there was severe wounc sepsis and disruption. 
Convalescence was otherwise uneventfu.. Esophagoscopy and 
esophagogmam revealed no stricture and the patient remained 
symptom-free. 


From the Department of Surgery, Cardiothoracic Surgical Unit, University of Nigeria, Enugu Campus, Enugu, Nigeria. 
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Fig. 1. (Case 1) All acrylic radiolucent anterior partial 
denture measuring 3.5 x 3.9 cm impacted in esophagus. 


DISCUSSION 


Foreigr bodes in the esophagus, if unremoved, 
ultimatele prove fatal. Although the occasienal pa- 
tient has surviwed impaction of foreign bodies in the 
gullet for up -o 15 years,** few patients survive 
more than 12 months.* Death may occur suddenly 
from ventral migration producing tracheal com- 
pression and asphyxia’ or from lateral migration of 
the foreign body producing vascular erosion and 
torrential hemerrhage.* Death may be preceded by 
considera zle morbidity. Thus impaction with ulcer- 
ative esophagitis produces repeated vomiting,’ in- 
tramural abscess '° or esophagorespiratory 
fistulae." °? Vale and Cloutier reported middle 
lobe syndzome due to a coin impacted in the lower 
third of the esophagus. Recurrent pneumonitis may 
result from aspiration of esophageal contents 
dammed up above an obstructing foreign body." 
Moreover, successful removal of even a smooth. but 
impacted. foreign body may lead to cicatricial 
stenosis, merezsing the risk of subsequent impac- 
tions. An impacted esophageal foreign body must, 
therefore, be removed at the earliest opportunity. 


The main attraction of endoscopic removal of 
foreign bodies is that it avoids open operation. 
Techniques to facilitate removal in difficult cases 
have been devised and include fragmentation 
before remova,’ screwing into the substance to ob- 
tain a purchase on it before extraction,'® anc the use 
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Fig. 2. (Case 3) All acrylic radiolucent upper partial 
denture 4.5 x 4.5 cm impacted in esophagus above arch of 
azygos. 





Fig. 3. (Case 3) Contrast medium has been used to in- 


dicate approximate level of impaction of denture seen in 
Fir? 


of protective plastic intubators.'® But the risk of 
perforations during endoscopic removal of dentures 
is particularly high in view of their rigidity, large 
size and ragged unyielding edges. Following impac- 
tion, varying degrees of penetration of esophageal 
wall are common but not always evident to the en- 
doscopist because of redundant folds of mucosa 
(cases 1-3). Impaction also produces varying 
degrees of periesophagitis. The esophagus at this 
level is edematous and friable while the overlying 
pleura is adherent, inflamed and potentially in- 
fected. The risk of perforation by traction on such 
an abnormal esophagus is distinctly high. 


Swallowed foreign bodies can be surprisingly 
large: Benedict” considered the swallowing of a 
half of a clamshell measuring 2.8 x 2.5 cm a 
“rarity.” Two of the dentures described above 
measured 3.5 x 3.9 cm, and 4.5 x 4.5 em respective- 
ly, the latter being, as far as we are aware, excep- 
tional for a swallowed denture. Endoscopic 
removal of such dentures carries an enhanced risk of 
laceration. 


Accurate localization of foreign bodies makes for 
their safe endoscopic removal. Because most den- 
tures are radiolucent, being made of all acrylic 
resin, preoperative radiological localization is often 
impossible. The use of contrast media for esophago- 
gram may suggest the level of impaction (Fig. 3), 
but rarely reveals the whole extent of the dentures, 
partly on account of their size and shape. At 
esophagoscopy it is possible, even for experienced 
operators, to miss the denture altogether as a result 
of the combined effect of their lie and mucosal 
redundancy. Thus in case 1 the concave surface of 
the denture was adjacent to the lumen, allowing the 
esophagoscope to be advanced without obstruction 


ESOPE 





into the stomach. At the same time the edges were 
invisible under the mucosal folds, while the pale 
pink surface was indistinguishable from the in- 
flamed esophageal mucosa, Endoscopic removal of 
such a foreign body would be at least a bliad pro- 
peaure and therefore risky. 
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While endoscopic removal of esophageal foreign 
bodies = often possible, the method sheuld only be 
rarely employed in dealing with impacted dentures. 
Because of the risk of esophageal laeeration the 
safest gpproach to swallowed and impacted den- 


tures 1s. 7 








y elective esophagotomy. 
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PAPILLARY HYPERTROPHY OF THE PALATINE TONSILS 


TADAO ENOMOTO, MD 
KAZUO MATSUI, MD 


TATSUKO ENOMOTO, MD 
TOSHIHIDE TABATA, MD 


WAKAYAMA CITY, JAPAN 


Papillary hypertzophy of the tonsils is one of the rare abnormalities of the palatine tonsils. Since the first reports of papillary hyper- 
trophy of the tonsils ty Ogino and Matsui, only 30 cases of this disease have been reported in Japan. The etiology of papillary hypertrophy 
remains a mystery. A 5-year-old female visited our cliaic with a complaint of obstructive feeling in the throat. Papillary surface of the 


palatine tonsils were noticed. Tonsillectomy and adervidectomy we 


re performed under general anesthesia on October 25, 1977. The 


histopathological examination of the tonsils revealed the lymphoid hyperplasia with poor subepithelial connective tissues. Only slight 
chronic inflammation was present. This papillary hypertrophy of the tonsils was found in 13 members (6 male, 7 female) of her family 
pedigree. Genetical analysis of the pedigree showed this disease is transmitted by an autosomal dominant gene. 


INTRODUCTION 


The papillary hypertrophy is an abnormal swell- 
ing of the palatine tonsils with a papilloma-like ex- 
ternal surface first described by Roberts! as 
papilloma of the tonsil. By reviewing the interna- 
tional literature for a similar disorder of the tonsils 
over the past ten years, we could find only one 
familial case which was treated by tonsillectomy. 
The pathogenesis of this tonsillar abnormality is 
discussed. 


CLINICAL ASPECT OF THE PROPOSITUS 


On October 18, 1977 a five year four-menth-old 
girl visited the hospital with a complaint of feeling 
something extraneous at the pharynx. On ezamina- 
tion she was found to have moderately hvpertro- 
phied palatine tonsils on both sides. The surface was 
covered with multiple elastic papillary growths of 
various sizes. Grossly no ulcer, adhesion or pus was 
found (Fig. 1A). The pharyngeal tonsils were also 
hypertrophied, but the surface was not papillary, 
She was treated by tonsillectomy and adenoidec- 
tomy under general anesthesia. The right tonsil 
measured 3.2 x 3.1 x 2.0 em, and the left 2.0 x 1.6 x 
1.2 cm, weighing 6.0 gm and 4.2 gm, respectively 
(Fig, 1B) 


+ 
5 


Histopathology. The tonsils showed papillary 
configuration ef the surface with deepenec crypts 
and increased number and size of the germinal] 
centers. Focal losses of the stratified squamous 
epithelium were associated with infiltraticn by a 
large number of polymorphonuclear leukocytes. 


STUDY OF THE FAMILY 


The family tree of the patient is shown in Figure 
2. Besides the propositus there were 12 persons (5 
male and 7 female) who had a positive past history 
or clinical finding of the tonsillar abnormality. 
Three of these 12 persons and the propositus were 
already dead (1-1, II-2, 11-6) and 5 persons had had 
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tonsillectomies performed (III-5, HI-11, I-12. 
IV-14, IV-7). The remaining four persons (IV-9, 
[V-10, IV-12, IV-14) were examined and shown to 
have a similar tonsillar abnormality as the pro- 
positus (Fig. 1 C-F), 






Fig. 1. A) Tonsils of the propositus; B) Isolated tonsils of 
the propositus; C) Tonsils of IV-9; D) Tonsils of IV-10: E) 
Tonsils of IV-12; F) Tonsils of IV-14. 


GENETIC ANALYSIS OF THE DATA 


We made the following analysis from the results 
(Fig. 2). If the present disturbance is presumed to 
be based on the dominant inheritance, the ratio of 
the abnormal against normal is theoretically 1 : 1. 


Hospital, Wakayama City, Japan. 
gy, Wakayama Red Cross Hospital, 4-1 Komatsubara, Wakavama City, Japan. 


HYPERTROPHY OF PALATINE TONSIL 


TABLE 1. TEST FOR HYPOTHESIS OF AUTOSOMáL DOMINANT INHERITANCE 


Ln LR nen nan eei momie ATTRA e e e ee Rr rire m aa E Eee EEEE E EEren e EA an A E ASE S ME EA ie EA E EEEO EEEren C EEEE e Eeee ee eE EEE A ai ei Ae ri ri AA A lh Rtas eenen e e tee o eteen aean ae intant ananasen ninen my amaaa na mamam taaa WARE LAT 


_____Children Normal Affected — Total Se ee CO NP 
Observed 9 12 2] 
] 0.428 9.75>P>0.5 


Expected 10.5 10.5 

The present family tree includes seven couples with 
the present disturbance x normal; and there are 21 
children from those couples. Among those 21 chil- 
dren 12 (5 males and 7 females) are abnormal while 
9 (4 males and 5 females) are normal (actual 
values). The theoretically expected number of ab- 
normal children should be one half of 21 or 10.5 (ex- 


lI OC) TO T 


“atvpical hypertrophy (papillary hypertrophy) of 
the paatine tonsils.” The abnormality of the pala- 
tine tonsils has been called by various rames such as 
papillematous hypertrophy, papillary aypertrophy, 
tumor-like hypertrophy, unusual oypertrophy, 
papillary hyperplasia, and proliferative tonsilfitis. 
More vecently it is often called papillary hyper- 








: i 6 ¢ é i 
? : + 


i i 
m O O T FRESCOUR Ro BHo’°o" VO WV’o ly 


N Cy CD: E a TCF $: 


on ' affected + : dead 


3 


a ae a te 3 14 & 15 


t | propositus 


Fig. 2. Pedigree of papillary hypertraghy of the tonsils. 


pected value). When the actual and expected values 
are subjected to x* test, no significant difference is 
seen between the two at 0.075>P>0.05 as shown 
in Table 1. Thus they satisfy the expectaion of 
dominant inheritance. There is no sexual 
preponderance in the incidence of this abnormality 
at 0.075>P>0.05. Thus the result of the analysis 


Male Female È X? af 
Observed 5 7 
l 0.33 0.75>P>0.5 
Expected 6 6 


suggests autosomal dominant inheritance. As there 
was no skipping of any generation throughout the 
four generations, the infiltration rate of the 
hereditary factor is 100%. 


Culture of peripheral lymphocytes did not reveal 
anything abnormal in chromosomes. 


DISCUSSION 


In Japan, papillary hypertrophy was first 
reported by Ogino? in 1924 at “a rare hypertrophy 
of the palatine tonsils” and by Matsui? in 1924 as 


trophy. The number of cases ever reported in Japan 
is extremely small, totalling just 35 including our 5 
Cases. 


The sex and age distributions of those cases in- 
cluding our 5 cases ranged from 2 years to 54 years. 
The sex distribution was found to be predominant 
for the females (20 females against 15 males), but 
the difference was not statistically significant. In 
more than two thirds of cases, the abnermality was 
seen bicaterally. 


For the pathogenesis of this disturbance, there 
are various views about the cause such as repeated 
inflammatory stimulation," hormones, neo- 
plastic processes,'®'’ and congenital deformity, '®7' 
but it has not yet been established due to the limited 
number of cases. Our hereditary analysis of the 13 
cases discovered by family history anc clinical ex- 
aminafon supports the view that the disturbance 
may be caused by a congenital deformity induced 
by autesomal dominant inheritance. I) this view is 
to be Grmly established, it will by all means be 
necessary to discover more families afflicted with 
the disturbance and also to solve the problem of ex- 
pression reproduction as it is generally called. 
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PENDRED’S SYNDROME WITH ATYPICAL FEATURES 


LAVONNE BERGSTROM, 


Los ANGELES, 


One of seven cases of Pendred’s syndrome studied had mixed hearing loss, 


MD 


CALIFORNI. 


lateral congenital stapes foot-plate fixation, surgically 


proven unilateral perilymph fistula and delayed fluctuati: ng hearing loss in the ueoperated ear. A unifving hypothesis is proposed to link 


these diversified findings. 


Pendred’s syndrome, believed to be one ef the 
more frequent causes of autosomal recessive deaf- 
ness, has been considered until recently to present a 
consistent clinical picture of sensorineural hearing 
loss and nodular goiter. 


We studied seven patients from two unrelated 
families (Table 1). One case has unusual otologic 
features, not previously reported and will be pre- 
sented in detail. 


CASE REPORT 


Case II-4. An eight-vear-old Caucasian male was 
thought to have had a left-sided hearing loss since 
about age three, although the mother had suspected 
his hearing loss earlier. Prenatal and perinatal 
histories were negative. There was no history of 
ototoxic drugs, trauma, or significant illnesses, but 
he had had left otitis media at age nine months re- 
quiring myringotomy. A hearing aid had been fit- 
ted in childhood, but he stopped wearing it because 
of local discomfort in the external auditory canal. 
Two older sisters had congenital, severe-to-pro- 
found hearing loss and adolescent onset of goiter. A 
13-year-old brother had congenital sloping sen- 
sorineural hearing loss, no goiter, and was in a 
residential school for the deaf. The maternal grand- 
mother and a maternal aunt had what was believed 
to be otosclerosis. A sister of the maternal grand- 
father had had goiter surgery, but was presumed to 
have normal or serviceable hearing. No evidence of 
consanguinity could be found in the family history. 
Audiologic examination of the patient showed nor- 
mal bone conduction in the right ear and a sloping 
sensorineural loss in the left. Conductive losses, 
with near closure of the air-bone gap at 2000 and 
4000 Hz, were seen on both ears (Fig. 1). Otclogic 
examination, including tuning forks and minimal 
ice water calorics, was entirely normal. The thyroid 
was not enlarged. 


Three years later the left middle ear was explored 
elsewhere and resistance to movement of the stapes 
foot-plate observed. Corrective surgery was aban- 
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doned s2cause of excessive flow of perilymph. An- 
other st~-geon performed anterior stapedectomy on 
the sarre ear four vears later, apparently unevent- 
fully. A=er two years the patient developed sudden 
hearing x loss in the unoperated right ear. He was 
treated with steroids, and his hearing sabsequently 
improved. Six months later he again had a sudden 
partial (oss of hearing in the right ear, this time 
associated with a sensation of fullness in the ear, 
and vertigo if exposed to loud noises upon getting 
out of ked in the morning. He was athletic, swam, 
biked, znd wrestled on the high school team, 
althoug> he had not been wrestling or engaging in 
other vigorous activities immediately prior to either 
episode of hearing loss. Ten days after his second 
episode +f hearing fluctuation the right ear became 
nonrespensive to auditory stimuli (Fig. 1), and he 
was hossitalized. Weber tuning fork (1024 Hz) 
referrec to the left ear; Rinne was negative in the 
right eæ and positive in the left. Bota tympanic 
membrzaes were mobile, and their physical ap- 
pearanc: was normal except that there was 
evidenc« of bone curettement of the posterosuperior 
external auditory canal on the left. Fistula tests 
were negative, and neurologic examination was 
normal. The thyroid gland was questionably 
enlargee the examination being made difficult by 
his thick muscular neck. Special audiometry, done 
a few da-s before hospital admission, was compati- 
ble wite a cochlear locus of pathology (Fig. 1). 
Petrous pyramid polytomography in axial, lateral 
and bæal projections, electroacoustic bridge 
testing, iral titers, syphilis serology, and coagula- 
tion stusdes were normal. Electronystagmography 
showed ~<rief horizontal nystagmus to the left when 
he sat ux, but caloric responses were symmetrical. 
He was -‘reated with bed rest. There was no im- 
mediate mprovement in hearing that could be at- 
tributed tc stellate ganglion block or peripheral 
vasodilaors administered while he was hospital- 
ized. He was discharged on the sixth hospital day. 
Three veeks later his hearing had returned to its 
earlier levels so that bone conduction in the two ears 
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TABLE 1. CASE SUMMARIES OF PENDRED’S SYNDROME 


RRP RPA EATAEAERERPRPAEEEAEAE ED AAAI AN mennee mananan rnr ALMTAPRPRLLAA A WAELAP ARAM REMAIN AERRHLA tt RAP TA AAR ny MA te RL A 


Rn tii e nr a tort e ee TR PTA aa 


Family Thyroid Polyto- 
& Hearing Vestibular Function mography 
I-] F l4 Bilat. SNHL 105- Enlarged thyroid Thyroxin 4.5 pedi 
100dB (ISO) isthmus PBI 6.3 mg% 
1-2 F 3l Bilat. profound Nodular goiter Normal 
SNHL 
1-3 F 32 Bilat. profound Large nodular Normal 
SNHL goiter 
H-1f F 19 ? Mixed AC at 75 Bilat. responses Soft swelling T, 27.8% Normal 
dB AD 80 dP AS — to 0.2 ce ice of thyroid great- PBI 4.7 mg% 
i (ISO) SISI (20 dB water er on right 
SL) 90% at 1000 
Hz) 
H-2 F 16 Bilat. 100 dB Caloric responses Diffuse smooth T; 26.3% Normal 
SNHL (iSO) greatly reduced thyroid swelling PBI 4.2 mg% 
(L>R) (ENG) 
I1-3 M 13 Bilat. sloping Symmetrical re- None 
60-90 dB SNHL sponses to 0.2 
(ISO) ce ice water 
“H-4 M 84 Bilat. mixed Moderate L nys-  ? Thyromegaly Normal Normal 


tagmus after mov- 
ing from supine to 
sitting position, Ca- 
loric responses nor- 
mal (ENG) 


“Tests obtained from several laboratories over a time span of 10 years. 


t Abnormal perch orate test. 

{Age at first presentation. See detailed case history. 
SNHL - Sensorincural hearing loss; AC -~ Alternating enrrent: ENG - 
was symmetrical. Three months later he had some 
further fluctuation of hearing. One year later he 
had had no further symptoms. 


REVIEW OF THE LITERATURE 


In 1896 Pendred succinctly described in two 
sisters the main features of the syndrome bearing his 
name, ie, deafness (probably congenital) and 
nodular goiter.’ Pendred’s syndrome is considered 
to be of autosomal recessive inheritance.? There are 
some reported pedigrees with transmission of the 
syndrome from parent to child, but consanguinity 
or a heterozygous mate could account for these in- 
stances.” 


There is no apparent difference in the 
male:female ratio of the syndrome.? One might 
speculate, however, on the ascertainment of Pen- 
dred’s syndrome in cases of single congenitally deaf 
males in families with no known history of the syn- 
drome or of thyroid disease. Such a hypothetical, 
deaf male might be diagnosed, depending on the 
level of sophistication of those evaluating him, as 
having sporadic congenital deafness or autosomal 
recessive deafness if a goiter was not present. It is 
possible that the true incidence of affected males 
might be greater than females if testing for the ab- 
normal thyroid trait were done in congenital 
deafness cases of unknown etiology. 


There may be a higher than usual incidence of 
goiter and other thyroid disease in apparently unaf- 
fected individuals in families exhibiting Pendred’s 


Electronystagmograph: AD - Right ear; AS - left ear. 


syndrome. No similar association has been found for 
hearing problems, although some of these persons 
appear to be obligate heterozygotes.’ 


The hearing loss is uniformly reported as sen- 
sorineural in nature. Occasional bone conduction 
responses at 125, 250 and 500 Hz are believed to be 
vibrotactile. The degree of loss is often profound, 
affecting high frequencies more than the lower fre- 
quencies, but is variable,* and at least one case of 
essentially unilateral involvement has been re- 
ported.? Speech discrimination is often hard to test 
because of the severity of the loss, but in patients in 
whom retrocochlear testing can be done the results 
have been compatible with a cochlear locus of 
pathology.?* It is uncertain whether the hearing 
loss is congenital or of very early onset with rapid 
progression, and the issue, although of little 
pragmatic import, is scientifically of great interest. 
A few clinical reports suggest postnatal onset or pro- 
gression,??> There are no reports of fluctuant hear- 
ing loss, ear fullness or vertigo. Where vestibular 
testing has been done, a mean incidence of 42% of 
abnormal calorie responses has been found.***? 


Available studies suggest that a Mondini cochlear 
defect occurs in approximately half of the cases.5~’ 
Tomographic series showed widening of the tym- 
panic cavity, flattening of the promontory, enlarge- 
ment of the vestibule, thickening of the labyrin- 
thine capsule, and widening of the lateral semicir- 
cular canal.*’ No microscopic studies of grossly nor- 
mal inner ears have been reported.*’ 
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Fig. 1. (Case H-4). Sequential audiograms. Note the 
sensorineural changes in both ears. 


The goiter associated with Pendred’s syndrome 
may be congenital but tends to come on in late 
childhood or adolescence, is often nodular, and is 
more frequent in females. Histologic examination 
shows a marked degree of pleomorphism which is 
sometimes misdiagnosed as malignancy.?'° Recent- 
ly, however, a case having muscular and vascular 
invasion was reported.* Patients may undergo 
multiple excisions of the goiter because remaining 
thyroid tissue undergoes hypertrophy and hyper- 
plasia due to excess thyroid-stimulating hormone 
(TSH) action. Apparently the pituitary attempts to 
compensate for a block in the incorporation of 
iodine into an organic form in thyroxin synthesis. 
The compensatory hyperplasia usually keeps the in- 
dividual euthyroid; even hyperthyroidism may en- 
sue." 


Radioactive iodine uptake is high in these pa- 
tients, but if perchlorate is then given, retained in- 
organic iodine is discharged resulting in a 15-85% 
decrease of radioactive iodine. In normal individu- 
als most of the iodine is organically bound and not 
accessible to discharge by perchlorate, but a 
positive test also may be seen in Hashimoto's thy- 
roiditis, familial goiter without deafness, and 
goitrous cretinism. It has also been reported in con- 
genitally deaf persons without goiter, but this must 
be interpreted in light of the lack of goiter in some 
with Pendred’s syndrome. '?: 


Brain evaluated twelve patients from five 
families and concluded that since the patients were 
euthyroid and of normal mental status the thyroid 
condition was unlikely to be the cause of the deaf- 


ness.'* [n occasional individuals the defect causes 
transitory aypothyroidism, which if present during 
crucial early development could produce cretinoid 
effects.**5-'415 Endemic and sporadic cretinism 
cause congenital sensorineural or mixed hearing 
loss, theoretically correctible if replacement 
therapy were begun at birth, but the diagnosis is 
seldom made that early. Later thyroid hormone 
replacement seems to be ineffective in restoring 
hearing. '* 


Expesimental administration of thiourea or 
propylthiouracil to chick embryos causes abnormal- 
ities, primarily of the inner ear. Ossification of the 
stapes may be greatly delayed or normal.'”'8 Such 
pathology was prevented experimentally by the 
simultaneous administration of thyroxin and pro- 
pylthiouracil.'? Fraser postulated that an inborn er- 
ror of metabolism in Pendred’s syndrome might 
contribute both to the thyroid defect and to the 
hearing loss, possibly due to the production of a 
substance toxic to both, but his studies failed to con- 
firm this.? 


RESULTS 


Six of the seven patients studied conform to the 
classic picture of Pendred’s syndrome. One, who 
had three typically affected siblings, does not. He 
differs in having a mixed hearing loss, the conduc- 
tive component of which was due to a congenitally 
fixed foet-plate. He also had a perilymph gusher 
during stapedectomy. Some years later the unoper- 
ated ear developed fluctuating hearing, and he ex- 
perienced spontaneous vertigo and mild tinnitus in 
response te loud sounds. Petrous pyramid poly- 
tomography showed normal labyrinthine and neu- 
ral spaces and a cochlear aqueduct of normal 
width. Audiometry showed that the lesion was like- 
ly cochlear in origin. He had positional nystagmus. 
He and two siblings had normal polytomograms. 
He and a sibling had abnormal electronys- 
tagmograms; two were normal. 


A literature search revealed no cases in which 
stapes fixation and goiter were associated. In 
University of California at Los Angeles and Univer- 
sity of Colorado patients having congenital stapes 
fixation, none were found to have thyroid enlarge- 
ment, goiter, or thyroid disease, nor was a family 
history for thyroid abnormalities found. The re- 
cords of another group of patients with goiter and 
hearing loss were surveyed. Some of the patients 
very likely had Pendred’s syndrome, although clini- 
cal data were incomplete. All had pure sen- 
sorineural impairments. 


DISCUSSION 


There seems little doubt that the atypical case in 
this series had Pendred’s syndrome. He had an ean- 
larged thyroid; one sister had had a perchlorate 
discharge test performed which was positive. Some 
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of the otologic features were atypical, however. 
Evidently he had a congenitally fixed stapes foot- 
plate; certainly polytomography done at a later 
date showed no evidence of otosclerosis. It is possi- 
ble that two family members presumed to have had 
otosclerosis in fact had congenital stapes fixation 
with superimposed progressive sensorineural hear- 
ing loss, but this is not known. One family in 
Fraser's series also contained members said to have 
otosclerosis with mixed hearing loss.! 


It is likely that the present patient had two 
otologic disorders of different origins, one an inner 
ear lesion due to Pendred’s syndrome, the other con- 
genital stapes fixation of sporadic or genetic origin. 
In most instances congenital stapes fixation is Spo- 
radic in origin, but may be genetic. Pedigrees in 
which stapes fixation and perilymph gusher were 
associated have been ascribed to X-linked or auto- 
somal recessive inheritance.?®?! Unfortunately, 
tomograms of the ear were not obtained in these in- 
stances, so that the anatomic defect causing the 
perilymph gush is unknown. 


Perilymph gusher and cerebrospinal fluid leaks 
occur in congenital stapes foot-plate fixation and in 
Mondini malformation. The leak is thought to origi- 
nate at the area where nerves and vessels proceed 
from the internal auditory canal through the defi- 
cient modiolus.*? The patient under discussion had 
intraoperative flow of perilymph from the oval win- 
dow, but his hearing has remained stable in the en- 
suing seven years. Apparently he had not had fluc- 
tuation of hearing in that ear preoperatively. His 
vestibular and cochlear aqueducts did not appear 
abnormal on polytomography. 


Hipskind et al” report interesting observations of 
a preadolescent female who, during evaluation for 
recurrent meningitis, was found to have a Mondini 
cochlea and a cerebrospinal fluid fistula through a 
defective stapes foot-plate. She had already under- 
gone thyroid lobectomy for a mass which had not 
regressed with hcrmone therapy or external irradia- 
tion. The pathology of her thyroid lesion was not 
described, but it is possible that she had Pendred’s 
syndrome. 


In endemic cretinism exophytic hyperostosis of 
the promontory may cause stapes fixation, and the 
cochlear aqueduct may be enlarged.*4. However, 
patients with Pendred’s syndrome are usually eu- 
thyroid, as was true in the present case. 


Congenital stapes foot-plate fixation has clinical 
associations suggesting that in the case under con- 
sideration the otologic findings could have a single 
etiology. Half the reported cases of Pendred’s syn- 
drome showed a Mondini malformation, and in 
some, vestibular anomalies. Friedmann” and 
others feel that the basic defect in Mondini malfor- 
mation is absence of the interscalar septum in upper 
cochlear coils. Gross modiolar defects, shortening of 
deformity of the cochlea and hypoplasia of the 
semicircular canals are visible by polytomography, 
but lesser modiolar and interscalar septum defects 
could occur without being visible on 
polytomography. It is possible that our patient and 
patients with Pendred’s syndrome previously re- 
ported had these minor findings, even though 
polytomography appeared normal. Incomplete 
development of the annular ligament, congenital 
stapes foot-plate fixation and other middle ear 
anomalies are relatively common in Mondini mal- 
formation, ?*-*8 


The hearing fluctuation in the present patient's 
unoperated ear remains unexplained. He had symp- 
toms of a mild Tullio phenomenon, but these could 
not be reproduced, and fistula tests were negative. 
Kwee attributed Tullio phenomenon found in one 
third of a group of deaf children to endolymphatic 
hydrops of the saccule, but gave no supporting 
data.” Our patient had fullness in the symptomatic 
right ear, a symptom often attributed to hydrops. 


He may have had modiolar and interscalar septa 
defects of Mondini malformation which contrib- 
uted to a perilymph fistula in the left ear. Fluc- 
tuating hearing loss in the right ear may have been 
due either to hydrops or to an undetected fistula. 
Mild defects could have escaped detection by poly- 
tomography. It is possible that congenital stapes 
foot-plate fixation, proved in one ear and probable 
in the other, is a concomitant of a mild Mondini 
anomaty of the cochlea, both due to Pendred’s syn- 
drome. An underlying toxic substance as a by- 
product of a metabolic error, causing both the otic 
and thyroid defect in Pendred’s syndrome as 
hypothesized by Fraser,' has yet to be found. One 
might speculate whether a partial error producing 
small amounts of endogenous thiourea in the urea 
cycle might damage the peroxidase system of the 
human thyroid, inner ear, and stapes foot-plate 
during intrauterine life, in a manner qualitatively 
different than that of exogenous thiourea in ex- 
perimental animals. 
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LOCAL IMMUNE SYSTEM OF NASAL MUCOSA IN INFLAMMATION 
IgA DISTRIBUTION AND SECRETORY ACTIVITY 


‘TADASHI NAKASHIMA, MD 
FUKUOKA. JAPAN 
YOSHIHIRO HAMASHIMA, MD 


KYOTO, JAPAN 


The local im une system of human nasal mucosa (inferior turbinates and nasal polyps) from 53 humans with chronic 
was studied by examining the distribution and secretory activity of IgA using 


inflammation 
an immunofluorescent technique. Diffuse fluorescence for 


IgA was observed -hroughout the connective tissue ground substance in every nasal turbinate and nasal polyp. In mucosa with mild inflam- 
matory changes, most IgA seemed to be produced locally by IgA-producing plasma cells. However, in severely inflamed nasal mucosa, in- 


cluding nasal pol~ps, plasma cells were relatively fewer in number and the distribution of I 
fibrin deposition. secretory activity of IgA in the glandular cells of nasal turbinates was we 


nasal polyps was he secretory activity impaired. 


Since the ciscovery of IgA in various external 
secretions, such as parotid saliva, colostrum and 
nasal secretiens, the significance of this im- 
munoglobulin. in local immune systems has been 
reported by verious groups.'? In 1965, Tomasi and 
Bienenstock’ ceronstrated the presence of sIgA (11s 
IgA, so-called secretory IgA) which differs 
chemically ard immunologically from serum 7S 
IgA. It is ncw established that sIgA, which is 
predominant in external secretions, is associated 
with secretory component (SC) and is synthesized 
locally in th- mucous epithelium or glandular 
tissues.** Witk respect to the biological activity of 
SC, Tourville et al® proposed a transport model of 
sIgA on the besis of immunohistochemical localiza- 
tion of SC anc IgA in human mucosa. Brandtzaeg’ 
also reported a tentative model for selective 
epithelial immunoglobulin transmission, Although 
the exact behawior of SC is unknown, it is suggested 
that SC. produced in glandular epithelial cells, 
might act as æ specific surface receptor for dimeric 
IgA and be se-reted in the glandular lumen.**’ 


The predomenance of sIgA in nasal secretions was 
also detected." * This secretory immunoglobulin is 
thought to plav a protective role against entry of an- 
tigens (such as bacterial’ and viral infections’) by 
forming nonabsorbable complexes. It is also 
generally accented that sIgA, in nasal mucosa, is 
produced loca ly by IgA-producing lymphocytes in 
the submucosal tissue and is secreted via the glands 
after the findiag of SC in nasal mucosa.’ *"! 


Immunohistochemical studies of the local im- 
mune system in nasal polyps revealed the elevation 
of IgA and oher immunoglobulins in the polyp 
fluid." Other workers reported the difference in 


gA generally corresponded to the pattern of 
il retained. Only in dilated glandular ductules in 


histochemical characteristics between nasal polyps 
and normal nasal mucosa."* There is apparently no 
precise documentation concerning the local IgA 
distribution in the inflamed nasal mucosa. As there 
are many pathological changes, such as cell infiltra- 
tion or tissue degeneration in inflamed nasal 
mucosa, it is quite conceivable that distribution or 
local production of IgA is altered according to the 
degree of inflammation. 


The present study was undertaken to investigate 
the distribution of slgA and its precursors, 7S IgA 
and SC, in the mucosa of nasal turbinates and nasal 
polyps. Distribution of such antigenic determinants 
was distinguished by using a direct or indirect im- 
munofluorescent technique. 


METHODS 


Tissue Specimens. Specimens of human nasal mucosa (inferior 
turbinates and nasal polyps) were removed surgically from 53 
Japanese patients, The sources, age range, sex, numbers, and rea- 
sons for excision are summarized in Table 1. Eight of 40 patients 
in the nasal turbinate group and 5 of 13 with nasal polyps had 
histories of allergy. All had been on general medication or specific 
local treatment prior to excision of the specimens. 


The specimens were immediately placed in 95% ethanol (4 C) 
for fixation for 2 - 3 days and then cut into slices of 1 to 2 mm. The 
fixation was continued at 4 C for another five days. The fixed tis- 
sues were changed into absolute alcohol and dehydrated at 4 C for 
five days. The dehydrated tissue slices were prepared for paraffin 
section according to the method of Hamashima and Kyogoku.'" 
Embedded sections were cut into serial sections 3 to 4 u in 
thickness, deparaffinized and stained using a direct or indirect 
immunofluorescent technique. The consecutive sections were also 
stained with hematoxylin-eosin (H & E), periodic acid-Shiff 
(PAS) and combinations of the two for routine histologic studies. 


Antisera and Conjugates. We examined the localization of im- 
munoglobulins and other substances using the following antisera: 
rabbit antisera to human IgA, IgG, IgM, IgE, human fibrin, 
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Fig. 1. Staining pattern by anti-IgA conjugate in nasal 
turbinates. a) Distribution of IgA in the submucosal con- 
nective tissue. Note the clear-cut boundary of staining pat- 
tern at the basement membrane of the epithelium. EP - 
Epithelium. b) IgA distribution around the closely packed 
tubuloalveolar acini. (x200) 


human SC and goat antirabbit gamma globulin (rGG) serum. 
Rabbit antisera to human IgA and IgG were obtained by im- 
munizing a rabbit with IgA (a-chain) and IgG (y-chain). Rabbit 
anti-lgM ip-chain), anti IgE (e-chain) and anti-SC were pur- 
chased from Boehringer Institute (Hoechst, Japan), whereas rab- 
bit antifibrin serum was from Hyland Laboratories (Los Angeles, 
CA). All of these antisera were adjusted to a protein concentra- 
tion of 0.2 mg/ml before use. Anti-rGG was obtained by im- 
munizing a goat with rGG. Specificity of these antibodies was 
confirmed by immunodiffusion and immunoelectrophoresis in 
our laboratory. 


Direct and Indirect Immunofluorescent Examination, Direct 
(anti-IgA, anti-IgG} and indirect (anti-IgM, anti-Igk, antifibrin, 
anti-SC) immunofluorescent techniques were used. Antisera to 
human IgA, IgG and rGG were labeled with fluorescein isothio- 
cyanate (FITC) according to the method by Riggs et al.'° Fluores- 
cein to protein ratios of labeled anti-IgA, anti-IgG and anti-rGG 
were 1.2, 0.9 and 1.6. 


In the direct immunofluorescent examination, deparaffinized 
sections were immediately washed with cold phosphate- buffered 


Tissue Sources Number Age Range 
Inferior turbinate 40) 11-74 
Nasal polyp 13 12-57 





Fig Z Distribution of IgA-producing plasma cells in a) 
the seSsmucosal or b) periglandular connective tissue of 
nasal “urbinates. EP - Epithelium: GL - Gland. Stained for 
IgA. $190) 


saline (PES) pH 7.2, and were incubated with FITC-labeled an- 
tiserum overnight at a room temperature of 20 C. Labeled sec- 
tions wew repeatedly rinsed in cold PBS, mounted with 
nonfluoreseert glycerin-PBS and observed under a Zeiss fluores- 
cent micruseepe. 


In indiv<t immunofluorescent studies. the deparaffinized sec- 
tions wer» first incubated with antiserum at 37 C for one hour. 
After the antiserum was washed out carefully with cold PBS, the 
sections were reincubated with FITC-labeled anti-rGG overnight 
at a moore temperature of 20 C and then observed as described 
above. Cwetrol studies were done by applying the appropriate un- 
conjugates! antiserum to the consecutive tissue sections prior to 
stainivg with FITC-labeled antiserum. 


RESULTS 


Distr'taution of IgA in Nasal Mucosa. When tissue 


Sex PMesrmoution 


Male 26 Hypertrophic rhinitis 12 
Female l4 Chronic sinusitis 25 

Others 3 
Male § Chronic sinusitis 10 
Female 5 Chronic rhinitis 3 
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Fig. 3. Imsnunofluorescent analysis by anti-IgA, anti- 
IgG and antiibrin in mildly inflamed nasal turbinate . 
Diffuse fluorescence for a) IgA and b) IgG could be ob- 
served througaout the connective tissue. c) In the adjacent 
section. fluorescence for fibrin existed only in the in- 
travascular elements and vessel walls. (x200) 


sections from “asal turbinates were incubated with 
four specific antisera, fluorescence for IgG, IgA, 
IgM and IgE was observed, more or less, through- 
out the connective tissue ground substances in most 
cases. The most striking fluorescence, however, was 
noted when sections were incubated with anti-IgA 
conjugate. As demonstrated in Figure 1, anti-IgA 
produced considerable fluorescence, not only at the 
submucosal cennective tissue area but also around 
the glandular acini, and made a clear-cut boundary 
of staining pattern at the basement membrane. 








Fig. 4. Immunofluorescent analysis by anti-IgA, anti- 
IgG and antifibrin in severely inflamed nasal turbinates. a) 
Stained for IgA. Diffuse fluorescence was found peri- 
vascularly, b) Stained for IgG. Relatively weak fluo- 
rescence was found perivascularly. c) Stained for fibrin: 
fluorescence for fibrin localized in the perivascular area, 
Note the intense fluorescence just around the vessel walls. 
(x200) 


There was no consistent difference of IgA distribu- 
tion between individuals with or without a history 
of allergy. The bright fluorescence for IgA was also 
observed in the mucus materials on the surface 
epithelium and in the glandular lumen, but such 
may have been composed of SC-bound sIgA as they 
also exhibited an intense fluorescence when in- 
cubated with anti-SC (Figs. 6 and 7). 
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Fig. 5. Immunofluorescent analysis by anti-[gA and an- 
tifibrin in nasal polyps. a) Stained for IgA. Diffuse 
fluorescence for IgA distributed in the loose stroma. b) Ad- 
jacent section stained for fibrin. Fluorescence markedly 
corresponded to the staining pattern for IgA, Control 
studies with unconjugated antiserum showed no fluo- 
rescence, EP - Epithelium. (x200) 


IgA-producing plasma cells, on the other hand, 
presented predominantly at the interstitium just 
beneath the surface epithelium (Fig. 2a! and 
around the glandular acini (Fig. 2b); the most strik- 
ing were seen in the stroma around the closely 
packed glandular acini in which most of the round 
cells were [gA-producing plasma cells (Fig. 2b). On 
the contrary, IgA-producing plasma cells were few 
in the stroma around the vessels (Fig. 3a). It was 
most evident in cases of severe round cell intiltra- 
tion, in which most of the infiltrated cells around 
the vessels did not react to anti-IgA. It was surpris- 
ing that IgA distributed diffusely in the stroma 
around vessels despite little or decreased concentra- 
tion of IgA-producing cells. 


To assess the distribution pattern and the im- 
munological source of IgA and other immunoglob- 
ulins in nasal mucosa, we examined consecutive sec- 
tions of nasal turbinates and nasal polyps by stain- 
ing with anti-IgA, anti-IgG and antifibrin as is 
shown in Figures 3 - 5. In tissue sections with 
relatively fewer inflammatory cells throughout the 
mucosa, both immunoglobulins revealed intense 
fluorescence regularly on the stroma around the 
cavernous vessels (Fig. 3 a, b). When the adjacent 
section was incubated with antifibrin, a heavy 





Fig 5. Secretory glands in nasal turbinates. a) Closely 
packed tubuloalveloar acini. Stained for secretory compo- 
nent. (%_). Bright fluorescence was found in all the serous- 
typese nar cells. Intercellular spaces were strongly fluores- 
ne Glandular ductule stained for SC. Note the intense 
fluoressence in the apical cytoplasm. ¢) Secretery phase of 
IgA m che glandular acini stained for IgA. (x400) 


fluorescence localized only in the intravascular 
elemerts and vessel walls. Faint or no fluorescence 
was detected in the perivascular connective tissue 
area (Eig. 3c). In contrast, in the case with marked 
round ee | infiltration, fluorescence for IgA and IgG 
were rei tively weak and bright fluorescence local- 
ized jus: around the cavernous vessels (Fig. 4a, 9). 
Moreover, the positive fluorescent area for such im- 
munogie ulins closely resemblec that obtained by 


antifibrm: which revealed fluorescence in the 
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Fig. 7. Secretory glands in nasal ae Stained for 


secretory compenent | (SC), a) Glandular acini found near 
the stalk of the polyp. Cytoplasmic fluorescence was 
observed in al the acinar cells (x400). b) Dilated, 
somewhat cystic ductule lined with thin, aati 
epithelium. Nowe the mucoid materials which occupied the 
lumen. Most of the glandular cells were absent in 
cytoplasmic SC (x200). ec} Glandular ductule lined with 
simple, cuboidal epithelium. Note the irregular staining 
pattern §x200). 


perivascular avea as demonstrated in Figure 4c. The 
correspondence of staining pattern by anti-IgA and 
antifibrim in the nasal mucosa was most prominent 
in the mucosa of nasal polyps. In nasal polyps, in 
which relatively fewer inflammatory cells infil- 
trated throughout the loose and edematous stroma 


than in nasal mucosa, the staining pattern by anti- 
IgA cc ee completely corresponded to that by 
antifibrin (Fig. 5). 


Secretory Activity of IgA in the Glandular Acini 
and Ductules. We also examined secretory activity 
in the glands by staining with anti-IgA and anti-SC. 
In re glands of inferior turbinates, the bright 
fluorescence for SC was obtained not only from the 
closely packed, tubuloalveolar acini but also from 
the glandular ductules and from the intraepithelial 

ee cells. Mucous-type acinar cells and goblet 
ails contained very little or no SC. In the closely 
packed serous-type acini, anti-SC revealed the 
bright staining of cell membrane and usually of the 
cytoplasm also, but the most intense staining was in 
the intercellular spaces of the glands (Fig. 6a). The 
bright fluorescence for SC was also observed in the 
glandular ductules (Fig. 6b). It was most evident, 
in such ductules, that apical cytoplasm along the 
ductal lumen fluoresced most intensely. 


Although IgA was usually distributed in the 
stroma around the glands and made a clear-cut 
boundary at the basement membrane of the glandu- 
lar epithelium (Fig. 1b), [IgA-containing glandular 
cells were noted in some parts of the sections (Fig. 
6c). IgA was present in the cytoplasm, not in the 
nuclei, of the secretory cells with rather heavy 
fluorescence in the intercellular portion of the cells. 
It was evident that IgA, which entered into the cy- 
toplasm or intercellular spaces of the acinar ce ells, 
was secreted into the lumen via the apical portion of 
the cells, 


In contrast to the regular and heavy fluorescence 
for SC in the glands of nasal turbinates, glandular 
tissues in polyps exhibited a quite different staining 
pattern. In nasal polyps, where a decrease in the 
number of glands and changes in their size and 
shape occurred, positive fluorescence for SC was 
limited to the closely packed, tubuloalveolar acini 
(Fig. 7a). Moreover, it was found only in 3 of 13 in- 
dividuals and was localized near the stalk of the 
polyps. On the contrary, fluorescence for SC was 
rare in the surface epithelium or in the glandular 
ductules and was most prominent in i hyper- 
plastic, occasionally in the metaplasic, epithelium 
and in the dilated ductules with thin, distended 
epithelium (Fig. 7b). It should be noted that most of 
such non-SC-producing ductules were usually filled 
with luminous mucoid materials. Even if some 
glandular ductules retained the producing activity 
of SC, not all the glandular cells contained 
cytoplasmic SC and an irregular SC staining pat- 
tern was obtained (Fig 7c). 


DISCUSSION 


With respect to the local immune system in 
nasal mucosa, numerous studies of the immuno- 
logical composition of nasal secretions have been 
reported. 35/778 Tt is now well established that, in 
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such external secretions, slgA is the predominant 
immunoglobulin and consists of two antigenically 
different substances, dimeric IgA and SC.** The 
bright fluorescence for SC and IgA in the luminous 
mucoid materials in our study provide evidence for 
the presence of this secretory immunoglobulin in 
the secretion. 


Rossen et al demonstrated that these two an- 
tigenic molecules are synthesized within the same 
plasma-like cells. However, recent studies have 
proved that SC is produced mainly in serous-type 
glandular acinar cells." The bright fluorescence 
for SC localized in the glandular acini or ductules 
(Figs. 6 and 7) and the diffuse distribution of IgA- 
producing plasma cells around the glands (Fig. 2b) 
provide adequate confirmation. Brandtzaeg’’ 
reported the presence of dimeric IgA-containing 
plasma cells around the glands, which was con- 
firmed by other investigators using an SC affinity 
test.2°7! Although the exact mechanism of sIgA 
transmission is unknown, it is quite likely that in- 
terstitial dimeric IgA is secreted into the lumen after 
the binding of SC in glandular cells. 


One might argue, then, whether or not the 
secretory activity and local production of im- 
munoglobulins are affected as a result of inflamma- 
tion in the nasal mucosa. The heavy fluorescence 
for SC observed in every glandular acinus or duc- 
tule and the secretory phase of IgA seen in some 
acini (Fig.6) suggest the maintenance of secretory 
activity in the nasal mucosa. In contrast, secretory 
activity in glandular ductules in nasal polyps 
seemed to be damaged as SC synthesis was impaired 
in some of the glandular cells (Fig. 7b, c). As SC 
synthesis was well retained in the closely packed 
glandular acini in some nasal polyps (Fig. 7a), it 
may be that secretory activity of such ductules is im- 
paired during the course of dilation.” 


In contrast, the diffuse fluorescence for IgA and 
IgG observed throughout the connective tissue 
ground substance in severely inflamed nasal tur- 
binates, despite the decrease of plasma cells, sug- 
gests alteration of the local immune system in nasal 
mucosa. Heremans and Vaerman'® proposed that 


most IgA found in secretions is produced locally and 

luction of IgA antibodies is restricted 

omically to the site where antigen stimulus has 
occurred. The predominance of IgA-producing 
plasma cells observed in the submucosal or peri- 
glandular connective tissue area (Fig. 2) also sug- 
gests aetive local IgA synthesis against antigenic 
stimuli. However, Butler et al” reported that some 
IgA in nasal secretion is derived both from local 
production and by transudation from plasma pro- 
tein. M »gi,® who observed the heavily diffuse stain- 
ing wita anti-IgG in the mucosa of nasal polyps, 
proposed the transudation of plasma pool im- 
munoglobulin through the disrupted capillaries 
when izflammation is dominant. It has also been 
pores that the number of IgA-producing plasma 
cells was reduced in severely diseased mucosa.®:?° 











The correspondence of staining patterns by anti- 
IgA, anti-IgG and antifibrin in severely inflamed 
nasal turbinates (Fig. 4) or nasal polyps (Fig. 5), in 
which e relatively smaller number of plasma cells 
were present in our study, also suggests that plasma 
pool in munoglobulins have passed through the 
vesse. walls with fibrin deposition. Concerning the 
immanciogical source of IgA in connective tissue, 
there is a concept of dynamic equilibrium between 
intravascular and extravascular plasma pro- 
teins.?? It is said that 50 to 60% of the total body 
pool of IgA is distributed extravascularly.”* It is, 
therefor2, conceivable that plasma pool IgA i is tran- 
sudated into the connective tissue ground substance 
when lecal IgA production is insufficient in the 
mucosa. 





In coaclusion, the results of our study suggest 
that most IgA is produced locally by plasma cells in 
normal er mildly inflamed nasal mucosa, However, 
when there exists severe inflammation followed by 
the precominant infiltration of round cells other 
than plesma cells, plasma pool IgA is transudated 
extravascularly with the occurrence of fibrin de- 
position Secretory activity of the glands, on the 
contrary. is well retained in such tissues and active 
sIgA preduction is continued. Only in the dilated 
glandular ductules in nasal polyps is the secretory 
activity lamaged. 
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COURSE AND CONTENTS OF THE PARA* ESTIBULAR CANALICULUS 


ISAMU SANDO, MD: 


TETSUYA EGAMI. MD TAKEHIKO HARADA, MD 
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The purpose of this study is to describe the anatomy of the paravestibular cazziliculus (PVC) in detail, especially its course in reldtion 
to the vestibular aqueduct (VA) and its vascular contents. Serial horizontal secons of 20 normal human temporal bones were stained 
either with hematoxylin and eosin, by Verhoeff-van Gieson’s method, or by Mesory’s method, and studied under the light microscope, 
Graphic reconstruction of the VA and the PVC was performed in some of the cas. In this study, the following new anatomical informa- 
tion on the common course and vascular contents of the PVC was obtained: 1) twe °VC are present in the area near the vestibular orifice of 
the VA; 2) the PVC merges with the VA in the area near its cranial orifice w= out any particular branching, and does not enter the 
posterior cranial fossa; 3) veins course through the entire length of the PVC wheres arteries course only through the posterior cranial fossa 
side of the PVC. It appears that veins are the major contents of the PVC anc th: these veins represent the maim venous drainage system 
from the vestibule. It also appears that arteries in the PVC supply the blood fren the posterior cranial fossa mainly to the PVC itself. 


INTRODUCTION 


Siebenmann! in 1894 reported that the canalis ac- 
cessorius aqueductus vestibuli is a separate canal 
from the vestibular aqueduct (VA) and contains the 
veins from most of the utricle and the canal ends. 
Recently, Ogura and Clemis? and Stahle and 
Wilbrand’ reported that the paravestibular 
canaliculus (PVC), which is an identical structure 
to the canalis accessorius aqueductus vestibuli, runs 
from the vestibule to the posterior cranial fossa 
along the VA in various courses and contains both 
an artery and veins. The purpose of this study is to 
describe in detail the course and vascular contents 
of the PVC, in order to shed more light on the 
anatomy and function of this structure so that the 
surgeon may prevent trauma to the major vein from 
the vestibule during endolymphatic sac shunt sur- 
gery. If this vein is damaged, vestibular abnor- 
malities may occur secondary to the obstruction of 
venous drainage and may be similar to those ob- 
served histologically in the cochlea following 
obstruction of the inferior cochlear vein in an ex- 
periment in animals by Kimura and Perlman.‘ 


METHODS 


Twenty normal human temporal bones from 20 subjects were 
used for this study. The temporal bones were removed from 
cadavers, fixed in 10% formalin solution, decalcified in 1% nitric 
acid solution, dehydrated in increasing percentages of alcohol, 
embedded in celloidin, and sectioned horizontally at 20p. Every 
tenth section was stained with hematoxylin and eosin (H & E). 
Additional staining, using some of the remaining sections, was 
done either by Verhoeff-van Gieson’s method or by Mallory’s 
method to differentiate the artery from the vein, or with H and E 
to trace the course and contents of the PVC more accurately. 
Under the light microscope the course of the PVC was defined in 
relation to five representative areas of the VA (F ig. 1}: A) the 


vestibulasorifice area, B) the isthmus part of the endolymphatic 
duct ‘istkenus area), C) the area nearest to the rugose part of the 
endolym 1atic sac (proximal rugose area}, D) the area between 
the pros:mal rugose area and the cranial orifice area (in- 
termediam area), and E) the cranial orifice area. Using an 
eyepiece scale built into the microscope, measurements were 
made of #e diameter of the PVC itself, and of the largest vein and 
artery im @ive representative portions of the PVC (Fig. 1): a) the 
portion ef the PVC near the vestibular orifice area of the VA 
(vestiduls: orifice portion), b) the portion of the PVC near the 
isthmus. «xea of the VA (isthmus portion), c) the portion of the 
PVC nes the proximal rugose area of the VA (proximal rugose 
portion) ,«:) the portion of the PVC between the proximal rugose 
portion c# the PVC and the portion where the PVC merges into 
the VA satermediate portion), and e) the portion of the PVC 
which me-ges into the VA (aqueductal orifice portion), 

In addon, medial-view graphic reconstruction of the VA and 
the PVC as performed in four cases, in order to show in the ver- 
tical plae the course of the PVC in relation to the VA. The 
methed f reconstructing the VA graphically was first developed 
by authers* modifying Schuknecht’s method of cochlear 
reconstrizzion.® The present authors followed this method for the 
graphic sx:onstruction of the VA and then modified this tech- 
nique agen to reconstruct the PVC graphically, Cases were 
selected. s that the reconstruction graphs show a representative 
course arx selected course variations of the PVC. A summary of 
the proewdure is as follows (Fig. 2): After making a graphic 
reconstrieion of the cochlea, point c (anterior margin of the VA) 
is project cn line L (vertical plane in which the organ of Corti 
-a and b- is placed) as c’, the distance ac being the same as ac’. 
Pointe (aterior margin of the posterior canal) is projected on line 
L ase’ parallel movement with line cc’. The actual length of 
the VA asd the diameter of both limbs of the posterior canal, p-1 
and p-2, are then projected on line L as VA’, p-1', and p-2', so 
that the angths cd, ef, fg, and gh equal c’d’, e'f’, f'g’, and 
g'h’, resveeectively. The PVC is projected at right angles onto the 
extended one of the long axis of the VA as PVC’, and this is then 
reprojectee on line L as PVC”, so that the lengths cj and ij equal 
cj’ anc “j’. respectively (Fig. 2A). By repeating this procedure 
for each section, the VA and the posterior canal are first 
reconstriz: ed in the vertical plane. The reconstruction of the 
PVC is then added to the graph by transferring the measurements 
on line Læ the vertical plane (Fig. 2B). Line H (the line tangen- 
tial to the arches of the lower basal turn of the cochlea and the 
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Table 1. Location of PVC in reference to five representative areas of VA in 20 normal human temporal bones. Ellipses 
and black dot: indicate cross sections of the VA and PVC, respectively, in five representative areas of the VA. All cases are 
represented as the right ear seen from the posterior cranial fossa side looking toward the vestibular side. (?) indicates that the 


PVC becomes untraceable in that area. 


lower inner circle o: the posterior canal) is determined as a con- 
stant horizontal linefor comparison in each case. This comparison 
is essential to correct any erroneous impressions of the location 
and configuration cf the VA and the PVC created by various 
horizontal sectioning angles. 


"FINDINGS 


Course of the PVC. The course of the PVC in 
relation to five nepresentative areas of the VA in 20 
cases are shown in Table 1. The number of cases 
with one, two, or three PVC observed in each one of 
the five represertative areas of the VA is shown in 
Table 2. The number of PVC at various positions in 
reference to the WA in each one of the five represen- 


TABLE 2. SUMMARY OF CASES IN WHICH ONE. TWO, 
OR THREE PARAVESTIBULAR CANALICULI 








OCCURRED 
A B C D 2 
1PVC 3” 9 16 18 13 
2 PVC 16 10 3 l 0 
3 PVC l 0 0 0 0 


*Numbers indicate tetal cases in each one of five representative areas of 
the VA labeled by letters. 


tative areas of the VA is tabulated in Table 3. The 
number of PVC merging into each VA area is shown 
in parentheses in Table 3. Summarizing the findings 
in Tables 1, 2, and 3, we found the most common 
course of the PVC to be as follows (Fig. 1): The 
PVC originated at the vestibule as two canaliculi, 
one superior (Fig. 3A) and the other inferior or in- 
ferolateral (Fig. 3B) to the vestibular orifice area of 
the VA (12 cases, 60%). These two canaliculi ran 


TABLE 3. SUMMARY OF LOCATION OF THE 
PARAVESTIBULAR CANALICULUS 





A B C D E 
Superior 21(1)* 
Superolateral l 
Lateral 3 
Inferolateral 12(1) 3 l 9(3) 8(5) 
Inferior 2 91) 18 9(1) 5(3) 
Inferomedial l l 2 2(2) 
Medial 13 
Superomedial 2 
Untraceable ] l 
Total 38(2)  29(1) 22(0) 21(6) 14(8) 


“Numbers indicate the total number of PVC in 20 cases in each one of 
the five representative areas of the VA. Parentheses enclose numbers of 
PVC which merged into VA in each area. 
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Fig. 1. Schematic drawing of the PVC and its vascular contents (vein «ad artery) along with the VA ia a right temporal 
bone, in bird’s eye view, demonstrating the most common course of the PV. A, B, C, D, and E indicate five Seay 


areas (vestibular orifice area. isthmus area, proximal rugose area, interme ¿te area, and cranial orifice area) o 


the VA for 


orientation of tracing the PVC. a, b, c, d, and e are five representative postions (vestibular orifice portion. isthmus portion, 
proximal rugose portion, intermediate portion, and aqueductal orifice porti#a} of the PVC defined to measure the size of the 
PVC and its vascular contents. Ellipses and black dots indicate the VA ama the PVC, respectively, in cress section as seen 
from the cranial (posterior) side looking toward the vestibular (anterior) se, and show their anatomical relationships to 
each other in each of the five representative areas of the VA. An, anterior... inferior; L, lateral; M. medial; P, posterior; S. 


superior, 


medial (Fig. 4) and inferior or inferolateral to the 
isthmus area of the VA (8 cases, 40%), and then 
merged into a single canal. The PVC was usually 
located inferior (Fig. 5) to the proximal rugose area 
of the VA (14 cases, 70%), and was either inferior 
(8 cases, 40%) or inferolateral (6 cases, 30%) to the 
intermediate area of the VA. The PVC usually 
merged with the inferior, inferomedial, or in- 
ferolateral region of the VA (Fig. 6) between the in- 
termediate area and the cranial orifice area of the 
VA (14 cases, 70%). Of the 14 cases in which the 
PVC merged with the VA, in 8 cases the PVC 
entered the inferolateral region of the VA. The 
distance between the point of merger of the PVC 
with the VA and the cranial orifice of the VA could 
be measured in 10 of those 14 cases and was 2.99 
mm on the average, ranging between 0.75 and 8.0 
mm. 


Many variations in the course of the PVC were 
observed, as shown in Tables 1 and 2. In the 
vestibular orifice area of the VA in some cases a 
single PVC was present superior to the VA (3 cases, 
15%); in some other cases two PVC were present, 
both being superior to the VA (2 cases, 10%); in 
another case (5%) two PVC were present 
superomedial and inferomedial to the VA; in 
another case (5%) two PVC were seen to enter the 
superior region and the inferolateral region of the 
VA, respectively, resulting in no PVC observed 


distal tc this area; in still another case (5%) three 
PVC were present superior, superomedial, and in- 
ferolatezal to the VA. In the isthmus area of the VA 
course variations were numerous; a single PVC was 
located either medial (3 cases, 15%), lateral (2 
cases, E+% ), inferior (one case, 5%), inferomedial 
(one cawz, 5%), or inferolateral (one case, 5%) to 
the VA: in some other cases two PVC were present 
lateral sad inferior to the VA fone case, 5%), or 
medial t& the VA and close to each other (one case, 
5%): æ] in another case (5%) a single PVC 
merged with the inferior region of the VA. In the 
proxim: rugose area of the VA two PVC were 
observer inferior and inferomedial (one case, 5%), 
inferior end inferolateral (one case, 5%), or close 
together in the region inferior (one case, 5%) to the 
VA; in ‘ther cases a single PVC was present in- 
feromec al (one case, 5%) or superolateral (one 
case, 5% to the VA; in the case in which the PVC 
merged with the VA in the isthmus area it again 
separate) from the VA and coursed inferior to the 
VA. In -he intermediate area of the VA the PVC 
merged with the inferomedial or inferolateral 
region #: the VA in four cases (20%); in another 
case (5% one of the two PVC entered the inferior 
region ci zhe VA and the other PVC coursed inferior 
to the VA; in still another case (5%) one of the two 
PVC ent2red the inferomedial region of the VA but 
the cthe~ became untraceable in this area. In the 
cranial! #rifice area of the VA, a single PVC was still 
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Fig. £. Method for reconstructing the VA and the PVC graphically. A) Superior view of the cochlea, the posterior canal, 
the VA and the PVC in horizontal section. The VA (cd), the posterior canal p-J (ef) and p-2 (gh), and the PVC are plotted as 
VA (c'd%. p-I’ (e'f). p-2’ (g’h’') and PVC” (i'f) on line L in which the organ of Corti (a and b) is located. B) Medial 


view reconstruction graph obtained by repeating the pei described above for each section. Difference of the cutting 


ange amang cases is adjusted by use of the horizontal 


seen seperate from the VA in the area either in- 
ferolateral (3 cases, 15%) or inferior (2 cases, 10%) 
to the VA; in ¿zhe former three cases, the PVC was 
seen to eater he posterior cranial fossa 0.7 to 1.5 
mm posterior to the inferolateral region of the 
cranial orifice of the VA; in the latter two cases, the 
PVC joined the posterior cranial fossa postero- 
inferior to the rnost inferior region of the cranial 
orifice of the VA; the distance from the cranial 
orifice of the VA to the point where the PVC joined 
the poste-ior cranial fossa could not be measured as 
they occurred ir two different horizontal sections; 
in one case (5%) in which there was a single PVC 
from the vestioular orifice area to the intermediate 
area of the VZ tne PVC became untraceable in this 
area. 

Size aid Contents of the PVC (Table 4). The 
diameter of tne PVC in its vestibular orifice and 
isthmus porticns averaged 95 and 94y, respectively. 
The PVC wicened as it coursed toward the poste- 
rior cranial fossa, averaging 125, 158, and 206, in 
diameter in the proximal rugose, intermediate, and 
aqueduc-al orfice portions, respectively. 


ine {H} which is tangential to the arches of the lower basal turn of the 
cochlea ard the lower inner circle of the posterior canal. 


The PVC contained veins throughout its course in 
all cases in our study, the average diameter of the 
largest vein in the PVC being 534 (Fig. 7). The 
diameter of the lumen of the vein in five represen- 
tative portions of the PVC — the vestibular orifice, 
isthmus, proximal rugose, intermediate, and aque- 
ductal orifice portions — measured an average of 
47, 51, 60, 55, and 53px, respectively. The diameter 
of the vein outside the PVC averaged 58 where it 
exited the PVC to enter either the VA or the pos- 
terior cranial fossa. It was also found that as the 
PVC coursed toward the VA more perivascular con- 
nective tissue was observed in the PVC. 


Small arteries were observed to be present only in 
the posterior cranial fossa side of the PVC in 13 
cases (65%) (Fig. 7). In the remaining seven cases 
(35%) there were no arteries observed throughout 
the course of the PVC. The arteries which were 
present were smaller in the intermediate portion of 
the PVC than in the aqueductal orifice portion of 
the PVC. There was no particular bony pathway 
for the artery from the PVC through the otic cap- 
sule to the VA or vice versa, although minute bony 
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Fig. 3 (Right ear) A) Superior branch (arrow) of the PVC located aste 
dicating that it is located superior to the vestibular orifice area of the VA. B).nferolateral branch (arrow) of the PVC located 
posterolateral to the vestibular orifice area (VO) of the VA. U - Utricle. 











canaliculi, carrying capillaries in most cases, were orifice pation of the PVC, and, housed in separate 
noted surrounding and communicating with the bony cera iculi, disappeared into the otic capsule. 
PVC and the VA. In only one case (5%), however, 

were there two arteries which exited the aqueductal Grape: Reconstruction of the VA and the PVC 


l 
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Fig. 4. (Rizht ear) The PVC (arrow) is located medial to the isthmus area (1S) of the VA. It contains a vein (V) only. U 


-Utric e. (Herizontal section. H & E, x 66) 


(Fig. 8). In this paper, all reconstruction graphs are 
represented as the right ear viewed from the medial 
side. In case 20 (Fig. 8A) the PVC followed closely 
the typical path through the temporal bone de- 


scribed above; the PVC originated at the vestibule 
as two separate canaliculi, one superior and the 
other inferior to the vestibular orifice area of the 
VA; these two canaliculi ran respectively, medial 








Fig. 5. (Right ear) PVC (arrow) is shown anterior to the intermediate area of the VA, indicating that it is located in- 
fer:or to the proximal rugose area of the VA. (Horizontal section. H & E, x 90) 





Fig. 6. (Right ear) The PVC (arrow) is shown merging with the inferolatera! region of the cranial orifice area of the VA. 
The distance from the cranial orifice (CO) to this point of merger with the V.A is 2.9 mm. (Horizontal section. H & E. x 45) 


and inferior to the isthmus area of the VA, to merge 
into a single canal which became inferior to the 
proximal rugose area of the VA; after running 
inferolateral to the intermediate area of the VA, 
this canal merged with the inferolateral region of 
the cranial orifice area of the VA. Figure 8B-D 


shows a variety of courses of the PVC. In case 7 
(Fig. &B:, shortly after originating at the vestibule 
superonrecial and inferomedial to the VA, two PVC 
merged into a single canal which ran inferomedial 
to the isthmus area of the VA; it then coursed in- 
ferior cr inferolateral to the VA and entered the 











Fig. 7. ts ear) The PVC (large arrow) with a large vein (V) and a sm: 
arrow) with the VA. (Horizontal section. H & E, x 195) 


it merges (smal 






Il artery (A) is demonstrated ir the area where 
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Fig. 8. Reconstruction graphs showing various courses of the PVC in relation to the VA. All graphs are represented as 
the right ear viewed from the medial side, The part of the PVC located lateral to the VA is represented as shaded, while the 
rest of the PYC is shown as black. A) Case 20 showing a representative course of the PVC which is close to the common 
course described in the text. B) Case 7 showing variational courses of the PVC. 


posterior crama. fossa without merging with the 
VA. In case 5 (Fig. 8C) two PVC did not form a 
single camal; one of them merged with the inferior 
region of the mtermediate area of the VA and the 
other entered the posterior cranial fossa without 
merging with «he VA. In case 4 (Fig. 8D) two PVC 
merged into a single canal which entered the in- 
ferior region of the isthmus area of the VA: shortly 
after, this sing.e canal separated again from the VA 
and ran inferior to the VA; it then entered the in- 
ferior region of the cranial orifice area of the VA. 


DISCUSSION 


In regard to the course of the PVC reported in 
this study, the following comments may be made. 
Although there were variations in its course it ap- 
pears that there is a common course of the PVC 
which is somewhat similar to those described by 


Ogura and Clemis* and by Stahle and Wilbrand,? 
particularly in its otic capsule portion. However, 
the courses of both orifice portions of the PVC as we 
observed them are different from those previously 
reported.”? In the vestibular orifice area of the VA 
two PVC were found in the majority of our cases 
(16 cases, 80%), whereas in all cases reported by 
Ogura and Clemis’ and in most cases reported by 
Stahle and Wilbrand? only one canaliculus was 
demonstrated. In the intermediate and cranial 
orifice areas of the VA the PVC merged into the VA 
in many of our cases (14 cases, 70%), while the 
PVC in most of the other reported cases exited 
directly to the posterior cranial fossa.?? 


The size of the PVC as reported by Ogura and 
Clemis (0.1 to 0.3 mm),? Stahle and Wilbrand (0.1 
to 0.2 mm),’ and the present authors (0.095 to 0.206 
mm) is similar in all cases. According to our data 
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Fig. 8 (continued). C,D) Cases 5 and 4, respectively, showing variational gurses of the PVC. C - Cochlea; H - Hosizon- 
tal line: PC - Posterior canal. 


the PVC appears to have a tendency to enlarge as it 
courses from the vestibular orifice towards the 
aqueductal orifice. 


In regard to the contents of the PVC, the follow- 
ing comments may be made. Ogura and Clemis’ 
and Stahle and Wilbrand’ reported the presence of 
arteries in the PVC in their cases, and presumed 
that those arteries are from the inner ear and supply 
the endolymphatic sac through the PVC. In our 
study, no cases demonstrated arteries on the 
vestibular side of the PVC, while many cases (13 
cases, 65%) showed arteries present only on the 
posterior cranial fossa side. No pathway for an 
artery from the PVC to the VA through the otic 
capsule was seen in our cases. Summarizing the 
findings of this study, it appears that the artery in 
the PVC is not a branch of the labyrinthine artery 


but a branch of the artery in the VA or the posterior 
cranial fossa, which is possibly a branch of the 
posteriea meningeal artery supplying blood to the 
endolyphatic sac as reported by Bast and Anson.’ 
It also appears that the artery in the PVC is the 
main bisod supply to the PVC itself and not to the 
VA, siace in none of the present cases could any 
arteria! pathway from the PVC to the VA be found 
in the «tic capsule. Since our study revealed that 
veins rin the entire length of the PVC and arteries 
only or the posterior cranial fossa side of the PVC, 
it appezrs that the veins are the major contents of 
ve? and that these veins represent the main 
venous drainage system from the vestibule as 
describe d by Siebenmann.’ 


Ogura and Clemis? and Stahle and Wilbrand? 
reported that there is distal branching of the PVC, 
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FABLE 4. SIZE OF PARAVESTIBULAR CANALICULUS, VEIN AND ARTERY (AVERAGE + SDIN mm) Ž 


ir torrerrerrerenmananan sai amapan asiaan maaana 


tere TT AN ARAA ei HET PELE EEN nee avaan PRE rR an ie WOMENS BERNINA panaia TE 
A PT PUT n eaaa aani A a 
masata a ews 


trtreermineramvanammamunmatntattrl nimena aieeaa aiena mnan ayer A/T ll! ienna ean, 


i anaa a a a A EE SEa ARS EERS 


E E a EE EAN. AE 
PVC 0.095 + 0.029 0.094 + 0.022 

Vein 0.047 + 0.014 0.051 + 0.014 

Artery None None 


0.125 + 0.039 
0.060 + 0.014 





0.206 + 0.084 
0.053 + 0.021 
0.014 + 0.005 


0.158 + 0.069 
0.055 + 0.022 
None 0.010 + 0.005 


a- Vestibular orifice portion of the PVC; b - Isthmus portion of the PVC: ¢ - Proximal rugose portion of the PVC: d - Intermediate portion of the PVC; 


€- Aqueducta! orifice portion of the PVC. 


and the latter pair of investigators also reported the 
contents of this branch to be an artery. In one case 
(5%) in this present study there were arteries in the 
intermediate portion of the PVC which took their 
courses, along with the veins, in separate canaliculi, 
However, it appears that those branched canaliculi 
are not commenly seen and are not related to the 
main contents (veins) of the PVC but are related to 
the arteries which are housed only on the posterior 
cranial fossa side of the PVC, 


Ogura and Clemis? used microdissection with 
osmic acid stain while Stahle and Wilbrand? used 
microdissection with osmic acid and plastic 
molding to trace the PVC in temporal bones. It ap- 
pears that our methods of investigation (tracing the 
PVC in serial histologic sections in a moderate 
number cf cases using various staining techniques) 
might have played a role in obtaining the further 
anatomical information on the course, size. and 
contents of the PVC described in this paper. 


Graphic reconstruction of the VA and of the PVC 
is a new attempt in this study. The reconstruction 
graphs show in the vertical plane the anatomical 
relationship between the VA and the PVC, and thus 
give some information which is difficult to obtain 
from horizontal sections. The procedure is relative- 
ly simple and we feel that this is a good way to 
represent three-dimensional structures in two 
dimensions and to show important information in a 
simplified form. Also correlation of histologic find- 
ings with radiographic findings will be facilitated 
by this method, making it a valuable tool for fur- 
ther investigations of the anatomy and pathology of 
the VA and the PVC. 


Using the anatomical information about the PVC 
obtained in this study, the surgeon may prevent 
trauma to the major vein from the vestibule during 
endolymphatic sac shunt surgery if he is careful not 
to expose the inferior region of the cranial orifice 
area of the VA, since the vein of the PVC usually 
joins the VA in this area. 
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ABSENCE OF VEIN IN 


PARAVESTIBULAR CANALICULUS 


RUTH GUSSEN. MD 
Los ANGELES, CALIFORSI. 


Unilateral endolymphatic hydrops is described associated with absence of th: vein in the paravestibular canal culus (PVC), and with 
decreased vascularity of the vestibular aqueduct and endoiymphatic sac. The vet»us return from the vestibule was normal as far as the 


junction of the branches forming the PVC vein. At this junction, a blind venous 
through the PVC. This probably represents a developmental anomaly. 


Peet 


ep was formed with no continuation of venous drainage 


The decre: sd vascularity of the endolymphatic sac may be related 


to the absence of the PVC vein. However, anatomical and functional relationshgs of these vessels are not clear end need further study. 
Perisac fibrosis and endosteal bone formation are possibly secondary to the decrease in vascularity. A large chronic rupture of the inferior 
saccule wall probably accounts for the absence of vertigo and the relatively mile degree of cochlear endolymphatic hydrops. 


The rediscovery of the accessory canal of the 
vestibular aqueduct by Ogura and Clemis' estab- 
lished that the vein of the vestibular aqueduct is in a 
separate canaliculus which also contains small 
arteries and perilymphatic type of tissue. Further 
studies by Stahle and Wilbrand,? and Sando et al’ 
have elucidated the origin, course and contents of 
this paravestibular canaliculus. No pathological 
changes involving the paravestibular canaliculus 
(PVC) have been reported. 


The following report describes unilateral en- 
dolymphatic hydrops associated with absence cf the 
vein of the paravestibular canaliculus and de- 
creased vascularity of the perisac tissue, with 
fibrosis and endosteal bone formation. 


CASE REPORT 


The patient was a 67-year-old Negro male, first 
seen at UCLA 10 years before death for a squamous 
cell carcinoma of the soft palate, which was treated 
with irradiation. Weakly positive VDRL and fluo- 
rescent treponemal antibody absorption (FTA-ABS) 
tests for syphilis were noted on serum and cerebro- 
spinal fluid, and the patient stated that he had been 
treated with mercury for a chancre 30 years previ- 
ously, and with penicillin three years previously for 
a second chancre. He was treated again with peni- 
cillin, and his serum and spinal fluid remained 
weakly reactive. At no time was there any clinical 
evidence of tertiary syphilis. 


The patient was a chronic alcoholic with a long 
history of hypertension and diabetes mellitus. Five 
years before death, he began to have symptoms re- 
lated to vertebral-basilar insufficiency syndrome, 
with bilateral hemianopsia, headaches and ataxia. 
At that time he noted some decreased hearing on the 
right side which improved. His hearing was con- 


sidered normal on physical examination. No audio- 
grams were performed. There was no history of tin- 
nitus o” vertigo. The patient had complained for 
years cf frequent dizziness in the morning when 
arising. and unsteadiness on walking. One year 
prior tə death, he had a right-sided Bell’s palsy 
which æcurred six days after hospitalization for 
pneumaaia, and which completely resolved over 
the nex: few weeks. His terminal illness was related 
to a melignant gastric ulcer. 


At awopsy a malignant gastric ulcer was found 
with ne evidence of lymph node or systemic metas- 
tases. There was severe generalized arteriosclerosis 
involviaz the coronary arteries, aorta and cerebral 
arteries, with 50% arteriosclerotic narrowing of the 
basilar artery. There was acute infarction in the 
right p2erietal lobe and an old :nfarct in the left 
calcarias fissure. No evidence of syphilis was pres- 
ent grcsely or microscopically. There was hyalini- 
zation 2# the pancreatic islets o? Langerhans and 
mild ei -zhosis of the liver. 


Righ: Temporal Bone. The right cochlea 
demonstrated a mild degree of endolymphatic 
hydrops. involving especially the proximal basal 
turn are: the apical turn (Figs. 1 and 2). The saccule 
appearsd normal in its superior portion, but, in- 
feriorly, there was a large chronic rupture in the 
free wel (Fig. 1). At the rupture site, a portion of 
the free wall was folded back onto the beginning of 
the seas vestibuli and was adherent to the bony 
wall. T- utriculoendolymphatic leaflet was closed. 
A smal. <ibrous scar was present along the outer sur- 
face of the utricle, extending inferiorly to the sac- 
cule duct area (Fig. 3A). The macula of the saccule 
demon teated almost total loss of hair cells, with 
supper ing cells remaining, and a moderate loss of 
nerve £.sers. The otolithic membrane was present. 
Clusters of otoconia were present, free in the 
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Fig. 1 Mild cochlear endolymphatic hydrops of promontory and ascending basal limb. Note rupture of inferior portion 
of saccule S), with folding back and adherence of ruptured wall. (H&E, x9) 


perilymph space of the vestibule and semicircular 
canals. Whether this had occurred antemortem or 
postmortem tirough the saccule rupture could not 
be determined. 


The endolymphatic sinus entered the bone in nor- 
mal fashion. However, soon after its origin, and 
continuing in the intermediate portion, the vestib- 
ular aqueduct demonstrated increased amounts of 


fibrous tissue containing pale-staining osteoid 
trabeculae and endosteal bone projecting irregular- 
ly from its surface (Figs. 3A and 4). The channels 
within the bone of the vestibular aqueduct, from its 
very beginning, were devoid of blood vessels, save 
for a rare thin-walled capillary. Perisac fibrosis was 
evident, although a small amount of loose perisac 
tissue was present in some areas, which, at times ap- 





Fig. 2. Mild cochlear endolymphatic hydrops. (H&E, x23) 
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peared cystic (Fig. 4). Only rare capillaries could be 
identified in the perisac tissue. Heavily melanized 
melanocytes were present. The distal vestibular 
aqueduct curved posteriorly and inferiorly towards 
the posterior fossa, opening normally. The distal 
endolymphatic sac was normal as far as it could be 
followed on the posterior fossa surface. 


The PVC formed from the junction of two 
separate bony channels containing veins. The 
superior channel, with venous return from the 
posterosuperior portion of the labyrinth, entered 
the bone just superior to the entry of the endolym- 
phatic sinus. A lateral channel was formed by the 
junction of venous return from the anterolateral 
vestibule and promontory with a venous channel 
from the posteroinferior portion of the labyrinth 
(Fig. 3A). The junction of the two main venous 
channels, instead of continuing as the vein within 
the PVC, formed a closed loop with each other (Fig. 
3B) and no vein was seen thereafter throughout the 





Fig. 3. A) Lateral (LV) and superior (SV) venous 
braneies. Note fibrous tag (F) adjacent to utricle and 
below duct region. Bridolvmebutic duct (ED) has in- 
creaswafibrous tissue and pale-staining osteoid trabeculae. 
Bony vascular channels exhibit decreased vascularity 
(H&E , x26). B) Junction of lateral (LV) and superior (SV) 
venows branches. Note round contour of superior venous 
brangi demonstrating direction of loop of closed vessel 
(H&E, x68). C) Continuation o aravestibular 
canalavilus (PVC) containing perilymph-like tissue and 
smalkartery. No vein is present. Endolymphatic duct (ED) 


as in &4 H&E, x70). 





entire "YC (Figs. 3C, 4, and 5). The venous chan- 
nels foaming this closed loop were considerably con- 
gested. The venous branches within the promontory 
were aso congested and the inferior cochlear vein 
was ncted to be congested in its entire course. 


The proximal portion of the PVC up to the in- 
termeciste region of the endolymphatic sac was 
widely patent and filled with loose perilymph-like 
tissue. & small artery or arteriole was also present. 
In its iatermediate portion, the PVC was narrowed 
by endosteal bone along its inner surface (Fig. 4). In 
its distal! course, the PVC was again of normal 
caliber. and contained loose perilymph-like tissue 
and tw small arteries. Collagen was present in an 
oval ar-angement, but instead of enclosing the vein, 
it enclesed loose perilymph-like tissue (Fig. 5). The 
two sn all arteries left the PVC shortly before the 
posterior fossa surface, entering the posterior fossa 
posteriorly. The PVC continued, containing only 
collagen. and opened onto the posterior fossa sur- 
face w thin the vestibular aqueduct. No vein could 
be discerned at its opening. 











In acldition to the cochlear hydrops, there was 
considerable coarse brown pigment within the stria 
vasculers of all turns. There was a mild decrease of 
spiral zunglion cells and axons in the ascending 
basal lamb 


Moderate degenerative changes were present in- 
volving the cristae of the semicircular canal am- 
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Fig. 4. Intermediate paa of endolymphatic sac and 
Teon zanaliculus (PVC). Note endosteal bone 
ormation along done margins of PVC and vestibular 
aqueduct. Note fibrous tissue increase about endolym- 
phatic sac wit. focal cystic appearance (C) of perisac 
tissue. (H&E, x400) 


pullae in the fcrm of focal amorphous globules in 
the hair cell hyer. The dark cell areas of the 
vestibular laby-inth were heavily pigmented and 
contained smal cyst-like areas within the walls. 
Otoconia were free within the endolymph and 
perilymph portons of the semicircular canals. 


The facial neve appeared normal throughout its 
course. Very small numbers of lymphocytes were 
present in the lcose connective tissue adjacent to the 
origin of the greater superficial petrosal nerve. 


The ossicles appeared normal, save for mild 
degenerative archritis of the joints. No evidence of 
luetic osteitis w.s present. 


Left Temporal Bone. There was no endolym- 
phatic hydrops. The vestibular aqueduct, endolym- 
phatic duct anc sac, and the PVC all appeared nor- 
mal. The vein was present within the PVC and ap- 
peared normal. The PVC opened into the fibrous 
tissue of the vestibular aqueduct just beneath the 
posterior fossa surface. 


The cochlea lemonstrated decreased numbers of 
spiral ganglion cells in the first portion of the basal 
turn, and considerable coarse dark brown pigment 
granules throughout the stria vascularis. There 
were mild-to-rsoderate degenerative changes in- 
volving the saccular and utricular maculae and the 
cristae of all the ampullae in the form of focal amor- 
phous globular structures in the sensory receptor 
areas. There was some decrease of hair cells in the 
saccule with moderate decrease of saccule nerve 
fibers. The dark cell areas of the vestibular 
labyrinth were heavily pigmented and exhibited 
small cyst-like spaces. 


The ossicles, middle ear and mastoid were nor- 
mal. 








Fig. 5. Paravestibular canaliculus just inside posterior 
fossa surface. Note oval arrangement of collagen enclosing 
perilymph-like tissue and two small arteries. No vein is 
present. (H&E, x423) 


DISCUSSION 


The most significant finding in this case was 
absence of the vein in the PVC. The venous return 
from the vestibule consisted of three main vessels. A 
lateral branch primarily drained the region of the 
saccule, ductus reuniens and at least part of the 
promontory. Soon after entering the bone, this 
lateral branch was joined in its undersurface by an 
inferior branch, which appeared to drain the pos- 
teroinferior vestibular system. This combined 
venous channel coursed towards a superior branch, 
which drained the posterosuperior vestibular sys- 
tem, and entered the bone directly above the en- 
dolymphatic sinus. In this case, the junction formed 
a closed loop, and the continuation of the PVC con- 
tained only loose perilymph-like tissue and a small 
artery or arteriole, with no vein present. The nor- 
mal appearance of the bony PVC and its contained 
structures, except for the absent vein, suggests this 
to be a congenital absence of the PVC vein beyond 
the junction of the vestibular venous branches. 


The channels in the bone of the vestibular 
aqueduct, normally containing thin-walled vessels, 
were, for the most part, devoid of vessels, with only 
a rare capillary evident. This decreased vascularity 
was noted from the beginning of the vestibular 
aqueduct at the vestibule and throughout its course, 
and was associated with moderate perisac fibrosis 
and varying degrees of irregular new bone forma- 
tion along the endosteal surface of the vestibular 
aqueduct. In its intermediate portion, endosteal 
bone formation narrowed the PVC, empty save for 
a small artery or arteriole. 


ENDOLYMPHATIC HYDROPS WITH ABSENT VEIN 16) 


Normally, the vein of the PVC seems to remain in 
the bony channel with no obvious communicating 
venous channels. The vein usually enters the col- 
lagenous tissue around the endolymphatie sac 
before the latter enters the posterior fossa. Normal- 
ly, the vein can be followed in this area, again with 
no obvious communicating branches, onto the pos- 
terior fossa surface, between the sac and the tem- 
poral bone, where it presumably courses towards 
the sigmoid sinus. 


The relationship between the vein of the PVC 
and the vessels about the endolymphatic sac is not 
clear. There does not seem to be communication 
between them once the vein is in the PVC, although 
further detailed studies would be advisable to deter- 
mine this. In this case, the dearth of vessels in the 
bony channels of the vestibular aqueduct was strik- 
ing. Perhaps communication does exist between the 
branches forming the PVC vein and the vestibular 
aqueduct vessels near the vestibule margin, where 
the superior branch, at least, is very closely related 
to the vestibular aqueduct channels, and often ap- 
pears to be another such channel. Perhaps the 
vestibular aqueduct vessels partially arise from the 
venous branches. In a case such as this, where a 
blind venous loop formed rather than a normal 
PVC vein, it is conceivable that, if communications 
normally exist in this area, that they were lacking or 
inadequate in this case. Fibrosis and varying 
degrees of bone formation might well be secondary 
to such decreased vascularity. Further study is 
necessary to determine the anatomic and functional 
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relation:hip of the vessels of the vestibular aqueduct 
and the -ein of the PVC. 

In this case the endolymphatic hydrops might be 
related » the absent PVC vein per se, with inade- 
quate venous drainage of the vestibular labyrinth, 
althougl hydrops could also have resulted from in- 
adequate vascularity about the endolymphatic sac. 
The inferior cochlear vein was considerably con- 
gested and may have served as collateral circula- 
tion. 


The absence of a history of vertigo in this patient 
may be a misinterpretation because of the patient's 
severe axoholism. However, the chronic rupture of 
the saccule implies saccule distension which may 
have bæn present years previously. The rupture 
may not only have relieved vertiginous symptoms, 
but ma~ also have almost entirely relieved the 
cochleax hydrops, which was mild. 








In a zrevious study,* the author discussed the 
separate components of the endolymphatic sac 
system as pertaining to endolymphatic hydrops. 
These cəmponents are 1) the endolymphatic sac, 
itself (e, adequate anatomic size); 2) the loose 
perilym-vh-like tissue in relation to the endolym- 
phatic sac and blood vessels in the perisac tissue; 
and 3) he blood vessels in the perisac tissue. To 
these ccanponents, one should probably add the 
vein ane possibly the perilymph-like tissue of the 
PVC. It s possible that endolymphatic hydrops may 
result from lesions affecting any of the different 
components of the endolymphatic sac system, in- 
cluding hose within the PVC. 
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INTRODUCTION 


Systemic vasculitis is characterized by clinical 
evidence of blood vessel inflammation producing 
ischemic chaages in any or all organ systems. As 
pointed out be -deShazo, management of this group 
of diseases is zomplicated by its poorly understood 
etiology. complex pathology, and vague classifica- 
tion. Of the ~asculitis syndromes, hearing loss has 
been associated with periarteritis nodosa,**’ rheu- 
matoid arthritis, Wegener's granulomatosis,?*"5 
and giart ce! arteritis.?'® In addition, the hearing 
loss of Cogan’s syndrome may have a vascular 
basis.'”"” At east one group has suggested a separ- 
ate syncrome of vasculitis associated specifically 
with precediag middle ear disease.?? The associa- 
tion of hearnzg loss with systemic vasculitis is 
therefore wel “established, but the exact path- 
ophysiologica relationship between the two re- 
mains obscure, and in the absence of middle ear 
findings an enequivocal relationship between an 
isolated hearmg loss and a simultaneously present 
vasculitis cannot be established. 


Jonkers et &ľ’ noted serous fluid with periarteritis 
nodosa and suggested a viral etiology common to 
both. Goodwall et al’? noted histologic changes in 
nonarticular -egions of middle ear ossicles in rheu- 
matoid erthricis, however, Ghoraveb and Graham?! 
suggest chat hese are normal findings. Blatt and 
Lawrence’ pxesented middle ear fluid and granu- 
lomas in Wegener's granulomatosis; others'’’'? have 
presented sirailar findings. Accumulation of the 
fluid in these :ases has been attributed to eustachian 
tube obstruct on from nasal and nasopharyngeal in- 
volvement ard the conductive hearing loss may be 
secondary to -his fluid or to involvement of ossicles 
in granulatica tissue. Sergent and Christian?’ docu- 
ment seven eases of unclassified vasculitis present- 
ing with sero 1s otitis media and hearing loss. They 
suggest a hepersensitivity response to drugs or 
unknown agents (possibly viral) as a common cause. 





Gussen* reported a temporal bone study in 
periarteritis nodosa and found characteristic 
changes in the internal auditory artery, while Blatt 
and Lawrence’ presented inner ear granulomas and 
sclerosis in temporal bone studies of individuals dy- 
ing from Wegener's granulomatosis. Sensorineural 
hearing loss in these cases has been attributed not 
only to direct invasion of the cochlea by the lesion 
but also to inner ear vasculitis characteristic of the 
disease. Details of hearing loss in giant cell arteritis 
have not been described, and Wolff et al’? were un- 
able to show evidence of arteritis in the only tem- 
poral bone studied in Cogan’s syndrome. 


Zeek et al? isolated a distinct group of patients 
who suffer from a diffuse angiitis involving only 
small blood vessels. This arteritis is characterized by 
hemorrhage, exudate, and nuclear fragmentation 
of neutrophils, termed leukocytoclasia. Severe nec- 
rotizing vasculitis in these patients is common, and 
the prognosis is poor. Zeek et al? consider this 
group of patients as having a hypersensitivity an- 
giitis, and subsequently workers have observed 
these pathologic characteristics in a spectrum of 
generally less severe syndromes, including primary 
dermatologic disease, connective tissue disease, 
cryoglobulinemia serum sickness, and Schldenlein- 
Henoch purpura,”4 and have thus grouped these 
disease entities under the term leukocytoclastic 
angilitis. 


We report herein a patient with bilateral 
obliterative fibrotic disease of the middle ear occur- 
ring while the patient was on maintenance steroid 
therapy for leukocytoclastic angiitis and in whom 
there was no prior history of childhood ear infection 
or surgical intervention. To our knowledge this is 
the first case of biopsy-proven middle ear leuko- 
cytoclastic angiitis reported. 


CASE REPORT 
This 55-year-old female presented in July 1978 
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Fig. 1. Skin biopsy exhibits a leukocvtic infiltrate in and 
around small vessels in the dermis. Nuclear fragmentation 
is evident (arrow). (H & E, x350) 


with complaints of decreased hearing bilaterally 
and tinnitus of approximately four years duration. 
In January 1974 she developed an upper respiratory 
tract infection associated with hoarseness, wheez- 
ing, and shortness of breath. Shortly thereafter she 
suffered pain and a purulent discharge from her 
right ear; these symptoms resolved with topical otic 
drops. Since that time she has had persistent fluc- 
tuating hearing loss bilaterally and tinnitus. 


At age 25 she developed chronic atrophic 
rhinosinusitis for which she uses saline irrigations. 
She underwent left partial middle turbinate exci- 
sion and bilateral nasoantral windows in 1967, and 
dacryocystorhinostomies were performed in 1967 
and 1969 for chronic dacryocystitis. 


In 1968 she had a transient episode of swelling 
and rash around her ankles which resolved spontan- 
eously. In May 1974 similar signs developed again 
about her ankles, but also in the pretibial areas, and 
on the extensor surfaces of her fingers. These were 
associated with low-grade fever, diffuse joint stiff- 
ness, tendency to bruise easily, and intermittent 
neuritic pain. She obtained partial relief of these 
symptoms with temporary steroid therapy. 


Later, in 1974 she developed fever, a 1.0 cm ulcer 
on the hard palate, 3 mm diameter nodules on the 
nasophary nx, “and decreased auditory acuity with 
bilaterally thickened hypomobile tvmpanic mem- 
branes. An audiogram revealed a speech reception 
threshold of 40 dB bilaterally with excellent speech 


+ 





Fig- Higher magnification of Fig. 1. Skin shows an in- 
filtrat~ of polymorphonuclear leukocytes displaying 
fragraemation of nuclei in and around the walls of two 
venue: in the dermis (arrows). (H & E, x875) 


discrira mation. Pertinent positive laboratory find- 
ings were elevated sedimentation rate, total 
eosinopat count and latex rheumatoid factor. 
Radiolszic examination showed normal chest x-ray, 
bilatera!+ sclerotic mastoids, bilaterally partially 
opacife=| maxillary antra, narrowing of distal 
interpl alangeal joint spaces of the hands with os- 
teophye«s consistent with osteoarthritis, and de- 
generac ve changes in the thoracic spine. 


Skin psies from one of the pretibial nodules 
revealec « prominent leukocytoclastic vasculitis in- 
volving #be small veins and venules, characterized 

trate of inflammatory cells predominate- 






by an ifi 
ly neutrophils and eosinophils. There was striking 
fragmertation of the leukocytic nuclei. foci of fi- 
brinou: exudate and extravasation of erythrocytes 
(Figs. and 2). Tests for specific connective tissue 
disease vere completely negative. Subsequently a 
diagno. of vasculitis of unknown etiology was 
made exc the patient was placed on maintenance 
predniscae therapy. Over the next several months 
she obtained complete relief of her signs and symp- 
toms. 











In 19°& her general physical examination was 
still no-mal. Her otolaryngologic examination was 
uncharazed. as was her audiogram. A tympanogram 
reveale1 bilaterally flat B curves. A right my- 
ringotoes revealed that the middle ear space was 
compieeiy obliterated by fibrous tissue. On the 
left, thack fibrous hypertrophic middle ear mucosa 
was see almost filling the middle ear space. Biopsy 
of this ruicosa revealed dense fibrous connective tis- 
sue wit? xenules which were the seat of an intense 
inflamrestory reaction consisting of an infiltrate of 
neutrophils and lymphocytes, with fragmentation 
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Fig. 3. Biopsy from middle ear showing a leukocytic in- 
filtrate with nuclear fragmentation in the walls of two 
venules (arrows). (H & E, x875) 


of the neutrophilic nuclei. These changes were in- 
terpreted as being consistent with leukocytoclastic 
vasculitis (Fig. 3). Biopsy of the tympanic mem- 
brane did not skow unusual features. 


DISCUSSION 
Patients with systemic vasculitis associated with 


ear disease should be differentiated from those with 
adhesive otitis media and granulomatous diseases of 
the middle ear space. This latter group includes 
tuberculosis, histiocytosis X, eosinophilic gran- 
uloma and syphilitic gumma. 


This obliterative middle ear disease might have 
originated with an arteritis of the small vessels of 
the mucosa of the middle ear in that leukocyto- 
clastic angiitis is characterized by hemorrhage and 
exudate around the small vessels. Significant ex- 
udate could present the picture of serous otitis 
media which over time might result in extensive 
fibrotic reaction. This natural history is purely 
speculative, as is the notion that the obliterated 
middle ear represents simply the endstage of an ag- 
gressive hypersensitivity reaction, Whatever the 
process, the end result is a severely restricted middle 
ear transformer mechanism with a resultant signifi- 
cant conductive hearing loss, not amenable to sur- 
gical treatment. 


Chronic serous otitis media or fibrotic middle ear 
disease occurring in the presence of systemic 
vasculitis or not responding to usual treatment 
measures should alert the physician to the need for 
not only a close inspection of the nasopharynx and 
base of skull for a mass lesion but also to an ex- 
amination and particularly a biopsy of the middle 
ear mucosa for a vasculitis involving this area. 
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The middle ear gas composition during 180 minutes ventilation with nitrcas. oxide-oxygen mixture was determined in 12 mongrel 
dogs. The mean relative concentration of N,O in the middle ear (ME) rose to 12, 26-4 and 29.3% after 60, 120 and 180 minutes respective- 
ly. During this period, the relative concentration of N, dropped from a mean ot 83.2% in the air-ventilated degs to 54.8% , without an 
essential change in the concentrations of 0, or CO,. The elimination of N,O fror» the ME during 30 minutes of postanesthetic ventilation 
with O, was incomplete, an average of 11.4% N.O remaining in the ME. At the seme time, the mean relative concentration of O, reached 
19% , higher than the O, relative concentration normally present in the ME. The sesults indicate that gas diffusion may occur across the 
ME mucosa for N,O as well as for O}, producing selective changes in the midd ear gas composition. 


INTRODUCTION 


Intratympanic pressure changes have been 
observed during and following administration of 
nitrous oxide, resulting in formation of “bubbles” 
during tympanoplastic surgery’? and sometimes 
producing lateralization of the graft. Damage to the 
previously reconstructed middle ear (ME) transmis- 
sion system?* and a conductive hearing loss of short 
duration®* as well as spontaneous perforation of the 
neotympanic eardrums were described subsequent 
to exposure to N:O anesthesia. A rise in the ME 
pressure to 140-375 mm H,O during administration 
of N-O and a gradual drop to —285 mm H,O 
following its discontinuation have been re- 
ported.?*” It has been shown that those pressure 
changes are due to penetration of N,O into the ME.’ 


The purpose of the present study was to deter- 
mine: 1) the relative concentration of N,O in the 
middle ear gas (MEG) during 180 minutes of 
N2O0/O, ventilation; 2) the influence of N,O/O, ven- 
tilation on the relative concentration of the gases 
normally present in the ME (N2, O}, CQ,); and 3) 
the elimination of N,O during 30 minutes 
postanesthetic ventilation with O}. 


METHODS 


The middle ear gas (MEG) determinations were carried out on 
healthy adult mongrel dogs under general anesthesia. Sedium 
thiopentone was used as the anesthetic. An endotracheal tube was 
introduced, and controlled ventilation was performed with 
N,O/O; at a flow rate of 6/2 liter/minute. The respiratory rate 
was kept at 16-18 respirations/minute. Minimal amounts of 
sodium thiopentone were added during the experiment when the 
anesthesia was considered too light. 


To facilitate adequate visualization of the tympanic membrane 
(TM), the cartilaginous external auditory canal was shortened 
prior to the experiments by a partial excision of its vertical portion 


through æ wetroauricular approach. This preparation enabled op- 
timal visaa ization by magnification of an operating microscope, 
through an ear speculum introduced inte the shortened ear canal. 
Only heafthy ears with nonperforated TM were included. 
Hamilton gastight syringes were used for transtympanic MEG 
sampling Leakage of MEG or inadvertent admixture with the 
environmental air was prevented by performing the sampling 
under a sea. of 4-5 mm of saline covering the TM.’ Under those 
conditios, we were able to obtain 40-60 pl of MEG.” 


The N-30, ventilation was performed for three hours, then it 
was discomtued and the dogs were ventilated with O, for an ad- 
ditional ©) minutes. Usually, two or three MEG samples were 
taken durang one experiment at 60, 120, 180, and/or 210 minutes. 
Only one 2ar was exposed in each experiment, so that the head of 
the dog was not moved. The MEG samples were examined on the 
day of the experiment. 


The corypostion of MEG was analyzed on a Packard 836 U gas 
chromatograph with a thermal conductivity detector using a 
combinat:or: of Porapak® and 5A molecular sieve column system 
as previewsir described, 


RESULTS 


The experiments were carried out on 12 dogs. 
The res:alts are summarized in Table 1 and com- 
pared te the MEG composition found by us in air- 
ventilated dogs.“ The mean relative content of N,O 
in the ME reached 12, 26.4 and 29.3% of the MEG 
mixture after 60,120 and 180 minutes respectively 
(Fig. 1 and Table 1). Concomitantly with the 
penetration of N,O to the ME, there was a parallel 
fall of tae relative content of N;, from a mean of 
83.2% n the air-ventilated dogs to a mean of 
94.8% after 180 minutes of N,O administration. No 
marked changes in the mean relative content of O, 
and CO, were observed during the N,O/O, ventila- 
tion (Taxe 1). 


After -30 minutes of N,O/O, administration, the 
N:O was discontinued and the dogs were ventilated 
for an acditional 30 minutes with O,. This resulted 
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‘ABLE 1. MIDDLE EAR GAS COMPOSITION IN NITROUS OXIDE-OXYGEN, OXYGEN AND 


(Ak ecattarr armament INN MAN aiaiai araa a a n 


arraunean neti aama mr funn nanne 


rere nap mnnn maahi ieai fly Ap ALLL AMARA A rere ehe rt a lt TPH Te 
artes anm RA naea eanna AAR LAR RAR A AOE 


Ventilation N,0/0O, 

Gas Time (min) 60 120 

Mean’* 68.7 58.3 

N3 SD rai 11.2 

Range 59.5-80 46-7 

Mean 14.7 10.4 

O, SD 6.7 3.4 
Range 9-26 6-15.5 

Mean 4.7 4.9 

*CO; SD 1.7 0.9 

Range 1.5-5.8 4-6.4 

Mean 12.0 26.4 

N,O SD 10.1 13.6 
Range 1.9-26 13.6-42 


yupaman ann n eei TE NAA nahin ay mad aahh iiia irapa pannaan na 


O, Air" 
180 210 
54.8 64.9 83.2 
11.3 11.2 5.0 
38-67 55-7 80-86 
12.3 19.0 12.1 
4.8 2.2 2.2 
6-18.8 16-22 10-15 
3.6 4.7 4.7 
2.4 3.6 OT 
0-6.6 0-10 3.7-9.9 
29.3 11.4 
11.7 5.2 
14.2-40 5-17 


*Mean relative concentration and ranges are expressed as percentage of MEG content. 


in a fall of N O relative content from a mean of 29.3 
to 11.4% (Table l and Fig. 1). During the same pe- 
riod, the relative content of O, rose to 19% as com- 
pared to about 12% in the MEG of the dogs venti- 
lated with air or with N,O/O, for 180 minutes. 


The analysis of expiratory gas performed at the 
end of 30 minutes of postanesthetic oxygen ventila- 
tion in three dogs showed 1.2 to 2.0% of N,O 
relative content. 


DISCUSSION 


The diffusion or resorption of a gas in the ME 
follows the same patterns as other air-filled cavities 
in the body: the alveoli, the gastrointestinal tract or 
the paranasal cavities.’ 


In previous investigations, the diffusion of N,O 
into the ME was mainly studied by recording in- 
tratympanic pressure changes, without gas com- 
position analysis.'° Only Matz et alë studied the con- 
centration of NO in the ME of cats by gas chroma- 


Concentration (%) 





20’ 


igo’ 210’ 
TIME (min) 


Fig. 1. Nitrous oxide relative concentration in the dog 
middle ear during the experiment (individual values an 
mean). 


tography and found 21 to 23% in samples taken at 
the height of pressure increase, some 20 minutes 
after starting the N,O administration. 


The results of the present study indicate that, 
during the first two hours, there is an almost linear 
rise in the relative concentration of N,O in the ME, 
with much slower increase during the third hour. 


The rate of gas transfer between blood and an 
air-filled cavity depends on the gas solubility in 
blood, perfusion of the cavity and the blood-to- 
cavity partial pressure gradient of the individual 
gases,’ 


Under physiological conditions, the N, relative 
concentration in the interstitial fluid is not much 
different than in the atmospheric air.'? On the other 
hand, as the N, is not metabolized, unlike O}, and 
not resorbed,” a higher N, relative concentration in 
the ME (up to 86%) than in the atmospheric air 
(79-80% ) will result. "t1? 


During N,O administration, a tendency to 
equilibration exists between the partial pressure of 
the gases dissolved in the blood and the gas-filled 
cavities. A 35-fold difference in blood-gas partition 
exists between N,O (0.46) and N, (0.013).? 
Therefore, N,O has a diffusion rate exceeding that 
of N: by some 20 times* and, as a consequence, N,O 
will enter the ME before an equivalent resorption of 
N- has occurred.’ Theoretically, this may result in 
an increase in the gas space volume if the cavity is 
compliant or in the gas pressure if it is non- 
compliant.?* Since the compliance of ME cavity is 
limited, the penetration of N,O results mainly in an 
increased pressure and bulging of the TM or 
tympanoplasty flaps. This pressure rise occurs 
mainly during the initial 15 to 45 minutes of N,O 
administration, reaching 200-450 mm H,O'**%' 
and remaining at this increased level until N,O 
discontinuation.*** On the other hand, our present 
investigation demonstrates that the N,O relative 
concentration in the ME is increasing lineally also 
during the second hour of its administration. These 
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results suggest that, during the period of plateau of 
the increased pressure (which followed the initial 
pressure rise), there is a resorption of N, from the 
ME which equalizes the NO penetration. The 
resorption of N, from the ME is determined by the 
lung “denitrogenation” as the inspiratory mixture 
during N,O/O, administration does not contain N2. 
It should be pointed out, however, that, even after 
three hours of ventilation with a gas mixture devoid 
of N,, a substantial part of N, still remained in the 
ME cavity. 


Within a few minutes after discontinuation of 
N,O and ventilation with pure oxygen, a gradual 
decrease of ME gas pressure reaching values below 
atmospheric levels (down to — 285 mm H0) has 
been described.*° This negative pressure may last 
for several hours and, according to Starr,’ it 
develops apparently as a consequence of rapid 
resorption of N20 from the ME. This explanation is 
compatible with our results which showed that, 
within 30 minutes of N,O discontinuation and 
postanesthetic oxygen ventilation, the mean N:O 
relative concentration in the ME fell by 17.9% 
while the O, rose by 6.7% only. 


The changes in the MEG composition during and 
following N,O/O, administration and the resultant 
pressure changes may make ear operations such as 
tympanoplasty difficult. It has been shown that an 
increase of 200 mm H2O pressure will cause an out- 





ward bulge of the TM.'* Munson? suggested that, in 
order tc avoid this complication, N:O should be 
eliminated or reduced to at least 50% just prior to 
surgieal closure of the ME. Our data point out that, 
in spite ef the discontinuation of N,O administra- 
tion for 3G minutes, substantial amounts still re- 
mained in the ME. The finding of 1.2 to 2.0% of 
N:O in the expiratory gas 30 minutes after its 
discontiazation demonstrated that is was still 
elimiaated by the lungs most probably from closed 
cavities cf the body including the ME. 


. 

The €, concentration did not change during 
N-0/O, ventilation as compared to the air- 
ventilated dogs, in spite of a 29% N,O penetration 
into the ME. This constancy was probably due to 
the fact that the inspiratory gas contained 25 to 
30% oxen, The situation was different during 
ventilation with pure oxygen which induced a 
marked :ncrease of oxygen concentration in the 
ME. This may serve as an indicator that oxygen, 
when inaled in high concentration, has a diffusion 
capacity across the ME lining. Jones,'* and more 
recenily Davis et al,* found a similar pattern by 
determirn:ng the ME pressure changes during oxy- 
gen breathing. 








In eonelusion, the present study showed qualita- 
tive asperts of gas diffusion across the normal dog 
ME lining fer NO as well as for oxygen, suggesting 
that true tas exchange may occur in the ME. 
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A case of clear cell carcinoma of the larynx is presented. By light microscopy the lesion was composed mainly of sheets of clear cells, 
containing intracytoplasmic mucin and glycogen. Glandular lumina, tonofilaments, and desmosome-tonofilament complexes were ob- 
served on electren microscopy. The presence of these features established that this unusual neoplasm was a clear cell variant of 


mucoepidermoid carcinoma. 


INTRODUCTION 


Adencearcinema is an unusual form of laryngeal 
neoplasm. A related tumor, mucoepidermoid car- 
cinoma, is even more unusual on this site, only 15 
cases having Deen reported in world literature’ 
with ultrastructural studies of mucoepidermoid car- 
cinoma on oriy four occasions.'®" 


The name mucoepidermoid was first given to 
salivary glanc lesions in 1945 by Stewart et al'4 to 
emphasize the two main histological features of 
mixed epidermoid and mucus-secreting cell pat- 
terns, Although a clear cell component is a relative- 
ly common finding in an otherwise typical 
mucoepidermoid carcinoma,'® in the case to be 
described the lesion consisted exclusively of clear 
cells without glandular or squamous cell differen- 
tiation. This is the first reported case, to the best of 
our knowlecge, of a clear cell variant of 
mucoepidermoid carcinoma of the larynx. 


CASE REPORT 


A 76-year-old female with a past history of 
epidermoid carcinoma of the larynx was admitted 
with hemoptysis of two weeks’ duration, and 
laryngectomy was advised on the basis of a recent 
biopsy which was interpreted as recurrent epider- 
moid carcinoma. 


Five years oreviously she had been hospitalized 
elsewhere for chronic hoarseness of three to four 
months’ duration. At that time laryngoscopy 
showed an ulcerated but not exophytic mass located 
in the subglottic area beneath the anterior com- 
missure. Biopsies of this lesion were interpreted as 
epidermoid carcinoma in situ. Laryngeal biopsies 
performed one year later were negative. The 
following year a subglottic biopsy showed invasive 
epidermoid carcinoma which was followed by 6500 
rads of radiat.on. Recurrence of the tumor was not 
detected by repeated laryngosccopy with biopsy six 


months prior to admission. Physical examination 
revealed a mass with tenderness in the left side of 
the neck. Recovery was uneventful after total 
laryngectomy with partial resection of the trachea. 
The patient died of cardiovascular complications 
seven months later. There was no clinical evidence 
of recurrence of the carcinoma at the time of death. 
Postmortem examination was not granted. 


METHODS 


Sections from the original lesion of the anterior commissure in 
1972, biopsy specimens in 1974 and total larngectomy specimen 
were available for review. All the histological material which was 
formalin-fixed was available for review. Sections were stained 
with hematoxylin and eosin (H & E), periodic acid-Schiff (PAS), 
PAS after diastase digestion, Best's carmine, mucicarmine, alcian 
blue, Ayoub-Shklar method for keratin and prekeratin and 
methyl green-pyronine (MGP) stains. For electron microscopy 
formalin-fixed tissue was postfixed in 3% glutaraldehyde and 
osmium tetroxide. Ultrathin sections from Epon® 812 blocks 
were stained with lead citrate and uranyl acetate. 


RESULTS 


A fungating centrally necrotic mass (1.5 x 0.5 cm) 
extended superiorly from the right vocal cord into 
the false vocal cord and inferiorly to the subglottis 
as a 4.0 x 2.5 cm mass partially encircling the 
trachea anteriorly. 


The first biopsy consisted of randomly arranged 
cells with hyperchromatic pleomorphic nuclei in 
abundant vacuolated cytoplasm. The next subglot- 
tic biopsy was composed of sheets of squamoid 
neoplastic cells with water-clear cytoplasm. In- 
tracytoplasmic mucin was present in occasional 
cells. Similar cells with distinct cell borders in 
mosaic pattern were present in the right vocal cord 
from the laryngectomy specimen (Fig. 1). Scattered 
cells had abundant eosinophilic cytoplasm; others 
were bizarre multinucleated giant cells. The overly- 
ing surface epithelium of this vocal cord was normal! 
as was the left vocal cord throughout. In addition to 
clear cells the tracheal tumor contained sheets of 
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(mucicarmine stain, x500). 


undifferentiated cells; metastatic deposits in 
paratracheal lymph nodes consisted of clear cells 
only. Squamous or glandular differentiation was 
absent throughout. Most tumor cells contained 
glycogen. Carminophilic and alcian blue positive 
mucin was demonstrable in the occasional cells 
(Fig. 1 inset). The MGP and keratin stains were 
negative. 

Electron microscopy revealed sheets of tumor 
cells with short slender microvilli and pronounced 
intercellular spaces interrupted by tight junctions 
(Fig. 2) alternating with desmosomes. In places, 
closely packed clear tumor cells joined by several 
tight junctions formed lumina. Cytoplasmic pro- 
cesses were noted in intercellular spaces (Fig. 3). 
Disproportionately large round nuclei containing 
prominent nucleoli were present in a generally clear 
cytoplasm. However, in some cells many poly- 
ribosomes, rough endoplasmic reticulum (RER) and 
mitochondria were observed. Abundant cyto- 
plasmic filaments were present in dispersed form, 
swirling bundles (Fig. 4), perinuclear aggregates or 
as dense bundles terminating in desmosomes. 
Filaments were also present in the multinucleated 
tumor giant cells with dilated RER. Lucent 
vacuoles with a thin membrane were observed in 
rare cells, 


DISCUSSION 


Any form of malignant glandular neoplasm in the 





Fig. 1. Polygonal cells with water-clear eytoplasm (H & E, x500). 
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larynx m ast be considered unusual.'® The frequency 
of such fesion is less than 1% of all laryngeal 
cancers. Adenoid cystic carcinomas and adenocar- 
cinoma: comprise most of the glandular 
neoplasrs.'* Less commonly encountered are 
muccep. dermoid carcinomas, oncocytic car- 
cinomas, and metastatic carcinomas. While 
mucoepizermoid carcinoma is the most common 
maligna tumor of the major salivary glands’? and 
constitutes approximately 10% of all intraoral 
minor s@..vary gland tumors, it is rare in the larynx. 


Laryneeal mucoepidermoid carcinoma has oc- 
curred {ost often in males and mainly as a 
supragle=ic neoplasm in the fourth to eighih 
decaces.?*°?'° Only a few, including our case, 
have beea subglottic. '® 


The pesence of clear cells in mucoepidermoid 
carcinoma is relatively common.*'> By light 
microsccgy these clear cells resemble those seen in 
the hype-mephroma,'®”® clear cell carcinoma and 
acinic cl carcinoma of the salivary glands,?'? 
some squamous cell carcinomas,® and glycogen-rich 
clear cel carcinoma of the palate.” Most of the 
clear cel variants of mucoepidermoid carcinoma 
are not ‘sure, that is, there are areas with typical 
features $ mucoepidermoid carcinoma to a greater 
or lesser degree.’ In addition, there is always 
mucicarr ine-positive material in the cytoplasm of 
the neop:astic cells.'* In our case, almost all areas of 
the neop: asm consisted of clear cells without gland- 
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Fig. 2. Tumor cells are arranged in sheets with pronounced intercellular spaces which contain short and slender 


+ 


microvilli ¢mv). Note tight junctions (tj) and evtoplasmic filaments (f). (x5,500) 


ular or squamous cell differentiation. It was only by 
combined histochemical and electron microscopic 
studies that the mucoepidermoid nature of this le- 
sion was determined. Thus, glandular differentia- 


tonofilaments with desmosome-tonofilament com- 
plexes indicated epidermoid differentiation. 


The nature and origin of the clear cells in this le- 





“ig. 3. Clear cells are closely packed and are joined by tight junctions. Clear cytoplasm contains relatively scanty 
organelles. Note cytoplasmic processes in intercellular spaces. (x7,500) 


tion was established by the presence of rare luminal 
spaces, tight junctions, and microvilli. Although we 
could net demonstrate unequivocal cytoplasmic 
mucin at the ultrastructural level, it was iden- 
tifiable by special stains. The presence of 


sion are of great interest. One might suggest that 
our case may represent a tumor composed 
predominantly of intermediate cells which have a 
potential ability for further differentiation’? or of 
epidermoid cells. Normally, intermediate cells show 
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a negative reaction to mucicarmine and PAS stains 
and epidermoid cells show negative mucicarmine 
stain but faintly positive PAS stain'* whereas our 
case reacted positively to mucicarmine and PAS 
stains. Radiation therapy may be blamed for the 
clear cell change of tumor cells in our case, but the 
biopsy done in 1974 before radiation therapy 
already showed the presence of clear cells. Also, in 
our experience we have not seen such extensive clear 
cell changes after irradiation in carcinoma of any 
site. 

The clear cell components in mucoepidermoid 
carcinoma have been both mucin- and PAS-nega- 
tive®? and were considered to be epidermoid cells 
that had undergone hydropic degeneration.***” 
The transition from epidermoid to clear cells secon- 
dary to hydropic change in mucoepidermoid car- 
cinoma has been recognized.'''°*° Evans and 
Cruickshank? have observed that clear cells con- 
tained intracytoplasmic glycogen. In another 
report, these clear cells contained alcian blue and 
PAS-positive, diastase-resistant acid mucopolysac- 
charide.”* Clear cells in our case reacted positively 
with mucin, alcian blue, and PAS stains. 


There are a few ultrastructural studies il- 
luminating the nature of clear cell carcinomas of 
the major salivary glands?’ and the palatal ac- 
cessory glands.??° Echevarria?’ suggested that the 
clear appearance of the cytoplasm results from 
clumping and migration of the ribosomes after for- 


Fig. 4. Clear cell demonstrating swirling bundles ef tcnofilaments. (x7,750) 
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malin ‘ixation. He also observed a transition be- 
tween duct cells and clear cells, with the latter de- 
rived from ductal cells. In contrast to our results, 
the clear cells did not react with stains for glycogen 
and mecin but showed the presence of cytoplasmic 
RNA. However, the clear cytoplasm of some cells, 
in our ease, may be partially due to fixation artifact 
secondary to ribosomal clumping as seen in electron 
microscopy studies. It may also be due to the 
presence of unidentifiable and unstainable cyto- 
plasmi« substances as described by Eversole.” 


Ultrastructural features of our case closely resem- 
ble these of glycogen-rich clear cell carcinoma of 
the palate? in which the cells were arranged in 
solid saeets with pronounced intercellular spaces 
and overlapping cell processes. Well-developed 
desmesomes with tonofilaments were described. It 
is difficult to be certain whether the in- 
tracytoplasmic filaments in our case and 
others'’36 are identical to the tonofilaments of 
squamaus epithelial cells without knowledge of the 
chemical composition of these structures. 


Although based on a limited number of cases, 
early results suggest that patients with clear cell car- 
cinoma may have a better prognosis than those with 
the more common epidermoid carcinoma? and 
adenocarcinoma.'’ From the follow-up data, the 
clinical behavior of the present tumor was that of a 
slow-growing, locally aggressive tumor, with late 
metastasis to the paratracheal lymph nodes. 





REFERENCES 


l. Arcidiacono DG, Lomco DG. Tumori mucoepidermoidali 
salivari. Clin Otorinolaryngoiatr 1963; 15:95-108. 


2, Cady B, Rippey JF, Frazell EL. Non-epidermoid cancer of 
the laryax, Ann Surg 1968; 167:116-120. 


172 SEO ETAL 


3. Muretti G. Evitelioma muco-epidermoide della larvnge. 
Arch Ital Otol 1969; 80:131-153. 


4. Thomas K.. Mucoepidermoid carcinomas of the larynx. J 
Laryngol Otol 1971; 85:261-267. 


5. Spire RH, Koss LG, Hajdu SI, Strong EW. Tumors of 
minor salivary origin: a clinicopathologie study of 492 cases. 
Cancer 1973; 31: 117-129, 


6. Davi: WE, Beck MR. Mucoepidermoid carcinoma of the 
larynx: a vase report. Eye Ear Nose Throat Mon 1975; 
54:394-396. 


a 7. Sessions DG, Murray JP, Bauer WC, Ogura JH. Adenocar- 
cinoma of tae larynx Can J Otolaryngol 1975; 4(2):293-296. 


8. Ferlito A. Histological classification of larynx and hypo- 
pharynx carcers and their clinical implications. Pathologic as- 
pects of 205: malignant neoplasms diagnosed at the ORL Depart- 
ment of Pacua University from 1966 to 1976. Acta Otolaryngol 
(Stockh) 1976; Suppl 342. 

9. Spiro RH, Hajdu SI, Lewis JS, Strong EW. Mucus gland 
tumors of the larynx and laryngopharynx. Ann Otol Rhinol 
Laryngol 1976; 85:498-503. 

10. Tomi:a T. Lotuaco L, Talbott L, Watanabe I: 


Mucoepidermoid carcinoma of the subglottis: an ultrastructural 
study. Arch Pathol Lab Med 1977: 101:145-148, 


11. Sugar J, Toth J. The ultrastructure of the mucoepidermoid 
carcinoma. “drav Prac 1967; 110:329-334. 


12. Panicxer KNS, Potdar GG, Sirsat SM. Ultrastructural 
study of mal gnantanucoepidermoid tumor of the human salivary 
gland. Indian J Cancer 1976; 13:227-233. 

13. Regeai JA, Batsakis JG. Diagnostic electron microscopy of 
head and neck tumors. Arch Pathol Lab Med 1978: 102:8-14, 


14. Stewart FW, Foote FW, Becker WF. Mucoepidermoid 
tumors of saivary glands. Ann Surg 1945; 122:820-844. 


15, Batsakis JG. Tumors of the head and neck — clinical and 
pathological considerations. Tumors of the major salivary glands. 
Baltimore: Williams & Wilkins, 1974:13-20. 


16. Houle JA, Joseph P, Batsakis JG. Primary adenocarci- 
nomas of the larynx. J] Laryngol Otol 1974; 90:1159-1163. 


l7. Fechner RE. Adenocarcinoma of the larynx. Can J 
Otolaryngol 1975; 4(2):284-289. 


18. Healey WV, Perzin KH, Smith L. Mucoepidermoid car- 
cinoma of salivary gland origin. Classification, clinical- 
pathologic correlation, and results of treatment. Cancer 1970: 
26:368-388. 


19. Foote FW, Frazell EL. Tumors of the major salivary 
glands. Cancer 1953; 6:1065-1133. 


20. Evans RW, Cruickshank AH. Epithelial tumors of the 
salivary glands, vol. 1. Philadelphia: WB Saunders 1970:109. 


21. Echevarria RA. Ultrastructure of the acinic cell carcinoma 
and clear cell carcinoma of the parotid gland. Cancer 1967: 
20:563-571, 


22. Goldman RL, Klein HZ. Glycogen-rich adenoma of the 
parotid gland: an uncommon benign clear-cell tumor resembling 
certain clear-cell carcinomas of salivary origin. Cancer 1972: 
30: 749-754, 


23. Mohamed AH. Ultrastructure of glycogen-rich clear car- 
cinoma of the palate. J Oral Pathol 1976; 5:103-121. 


24, Eversole LR. Glycoprotein heterogeneity in mucoepider- 
moid carcinoma: a histochemical evaluation. Arch Otolaryngol 


1972; 96:426-432. 


29. Bhaskar SN, Bernier JL. Mucoepidermoid tumors of major 
and minor salivary glands. Clinical features, histology, varia- 
tions, natural history and results of treatment for 144 cases. 
Cancer 1962; 15:801-817. 


26. Mohamed AH, Cherrick HM. Glycogen-rich adenocar- 
cinoma of minor salivary glands: a light and electron microscopic 
study. Cancer 1975; 36:1057-1066, 


Ann Otol 89:1980 


NASAL SECRETORY IgA CIRCADIAN RHYTHM: 


A SINGLE-DOSE SUPPRE: 


P. MENZIO, MD 
B. MORRA, MD 
A. SARTORIS, MD 





SSION TEST 


R. MOLINO, MD 
M. BUSSI, MD 
G. CORTESINA, MD 


TURIN, ITALY 


The existence of a clear circadian rhythm in the local secretion of nasal IgA sa well-known phenomenon which is confirmed in the 
present research. Since the temporal pattern of secretory IgA (SIgA) strictly varallels the ACTH-cortisol cycle, a dependence was 
hypothesized in previous research, but the suppression of adrenal rhythm by means af massive doses of exogenous corticosteroids showed no 
influence on the SIgA cycle. In the present research a more sophisticated methods» corticoid-incretion suppression was used; the single- 
dose suppression test with dexamethasone, which influences only the impulsive phase of the rhythm. In this case too, however, no influence 


was demonstrated on nasal SIgA secretion. 


INTRODUCTION 


In recent years the role of the secretory im- 
munoglobulin system has received increasing atten- 
tion and, at the present time, its importance in 
systemic host defense mechanisms cannot be 
overemphasized. 


Nasal secretory IgA (SIgA) has been shown to 
play a major role in protection against upper 
respiratory tract viral and bacterial infections. 
Immunoglobulins with antibody properties against 
the influenza viruses," parainfluenza viruses, * "7 
rhinovirus," "8 measles,’ poliovirus, ™*? Myco- 
plasma pneumoniae,*** Francisella tularensis, 
adenoviruses? and Rs virus?’ have been found in 
nasal secretions. In all the cited research, antibodies 
were of the IgA class, the structure and synthesis of 
which have been thoroughly reviewed by Tomasi et 
al?*-3? and Heremans.” 


Of major importance is the evidence of local syn- 
thesis of nasal SIgA and the consequent indepen- 
dence of the local immunity pattern from the 
systemic one. In fact, mice challenged with the in- 
fluenza virus by the nasal route %5 developed a 
SIgA titer in nasal secretions ten times higher than 
mice immunized by parenteral administration. 
Similar results were obtained in man when subjects 
were immunized with influenza and parainfluenza 
viruses.°'! Rossen et aê and Douglas et al’ 
challenged volunteers with rhinovirus NIH-1734 by 
the local route, and observed increased SIgA nasal 
secretions, independent of a humoral response. 
Finally, inhibition of SIgA activity in nasal secre- 
tions by means of an IgA serum results in a loss of 
antibody reactivity against Parainfluenza 3, ECHO 
28, Coxsackie A3, polio 1, and Influenza type A2 
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viruses.” These data support the hypothesis of local 
nasal syzthesis and secretion of SIgA. 


Clinieally, the significance of antibodies, 
whether humoral or secretory, is conditioned by 
multiple factors such as the route of infection, the 
infecting microorganism, and target systems. For 
example. antibodies against the influenza virus are 
synthesized in the upper respiratory tract, the 
natural aavasion route for this microorganism. Dur- 
ing the «linical course of this disease. however, 
serum aatibody titers are virtually unchanged. 


At prevent, there is a striking paucity of data con- 
cerning “actors that might influence local nasal 
SIgA sexetion. Such factors may be the key to 
understeading individual susceptibility to infec- 
tious airzorne diseases. 


Hughes and Johnson” and Hughes et al” 
demonstrated the existence of a circadian rhythm in 
the prod: ction of nasal SIgA which temporally par- 
alleled t#e ACTH-cortisol chronobiological cycle. 
They found maximum secretion occurred between 
midnigh: and 8:00 AM, and a minimum secretion 
between: 3:00 PM and 9:00 PM. These authors hy- 
pothesized that nasal SIgA secretion depends on the 
ACTH-czrtisol cycle, a well-known powerful 
chronob-elogical tuner. 


“|. The circadian cycles fer ACTH and the 
corticostercids peak in man during the early morn- 
ing sleeg-ng hours and show a trough in the after- 
noon. It's possible that this group of hormones are 
the program messengers for generations of both se- 
cretory aad plasma IgA.”” 





In orcer to verify the validity of the very scarce 
data at #ur disposal, we sought to determine what 
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Fig. 1. Vari -tions during the day of the ratio of IgA 
(mg/ml) to sccuble proteins in nasal washouts. SIgA 
-Secretory IgA. 


influence, if env, the cortisol cycle had on nasal 
SIgA secretion. Hughes and Johnson suppressed 
nasal SIgA with massive administrations of ex- 
ogenous corticosteroids several times during the day 
(the total amo int, however, was not reported), We 
preferred a mcre standardized approach: the single- 
dose suppressi#n test, whereby 8 mg of dexametha- 
sone was administered daily at 8:00 AM, inhibiting 
only the impubive phase of the cycle. 


METHODS 


Our methods ware quite similar to those used by Hughes and 
Johnson. Nasal secretions were sampled by the method described 
by Rossen et al.’?"£2ch nostril was washed with 5 ml of calcium- 
free multiple elect-olyte solution. Subsequently each sample was 
shaken by vortex fer one minute, then centrifuged at 3000 rpm for 
15 minutes to rer ove nonsoluble materials. The volumes were 
measured, and thedower layers containing only debrided cells and 
a very few microczganisms were discarded. 


Protein content æ the supernatant fluid was measured by 
ultraviolet spectrametry using a Beckman DU-2 and 280 nm 
against a standarc of bovine serum albumin (BSA) and gamma 
globulin, analogu-s of the main constituents of the sample pro- 
teins. SIgA titer w .s determined by immunodiffusion on low level 
immunoplates (Hoechst Behringwerke). Samples were taken 
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Fig. 2. Variations during the day of the ratio of IgA 
(mg/ml) to soluble proteins in nasal washouts. SIgA 
-Secretory IgA. 


every four hours from 14 men and women representing a range of 
ages and socioeconomic backgrounds. All subjects were free of 
respiratory difficulties at the time of the experiment. The tests 
were repeated on two consecutive days; the results reported for 
each subject represent the mean value. 


RESULTS AND CONCLUSIONS 


The results of Hughes and Johnson were confirmed 
in our study. Data represented in Figures 1 and 2 
are SIgA concentrations in nasal fluid and blood 
cortisol levels, before and after single-dose suppres- 
sion tests, plotted against time. 


It appears that nasal SIgA secretion is completely 
independent of cortisol rhythm. Therefore, the 
hypothesis of Hughes and Johnson that nasal SIgA 
cycle depends on mitotic skin replacement, observed 
by Halberg et al, is acceptable. 


Mitotic skin replacement mostly occurs during 
the early morning hours, just prior to maximum 
SIgA levels. The peak concentrations may result 
from the increased activity of new mucosal cells. 
Studies to verify this possibility are now being per- 
formed in our laboratory. 
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SINGLE CELL RESPONSES IN NORMAL AND OTOTOXIC 
DRUG-TREATED GERBILS 
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ANN ARBOR, MICHIGAN 
WLADIMIRO S, LIFSCHITZ, MD 
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Single cell date were obtained from the inferior colliculus of normal gerbils and from those treated with ethacrynic acid. Response 
changes found for the drug-treated animals are as follows: Fewer cells responded to auditory stimulation. Recruitment-like functions were 
found which were caaracterized by high threshold and precipitous increase in discharge rate with intensity. Some units showed abnormal- 
ly low discharge rae over an extended intensity range. which could be the underlying change in responsiveness in human patients with 
reduced loudness renge. One half as many collicular units were responsive to auditory phase differences. The most severely affected ears 
showed abnormal cep2ndency upon phase relations. This would affect auditory space perception. 


INTRODUCTION 


In cases of hearing abnormalities which are 
related to genevic factors, noise exposure, drug in- 
toxication, etc. tne hearing losses can be directly 
ascribed te degenerative changes in the hair eells or 
the loss of hair 2ells of the organ of Corti as seen in 
the microscopie examination of the ears. The ques- 
tion arises.as tc what changes are induced in neural 
discharge with n the auditory system as a result of 
partial degenerative changes in the hair cells. The 
experiments to be described bear upon this ques- 
tion. 


For these experiments the ototoxic drug, 
ethacrynie acid (EA) was introduced locally into 
the bulla of ore ear in order to damage hair cells 
and in turn to aker the input to a single cel! of the 
inferior collicu us. Two categories of tests were car- 
ried out. Single unit discharges were recorded from 
both normal aed drug-treated animals to monaural 
and binaural tone stimulation. Dichotic phase in- 
teractions were of particular interest since, for some 
cells in the inf-rior colliculus, the rate of discharge 
and the patter of discharge represent an interplay 
of both summetive and inhibitory inputs from each 
of the two ear. to the same cell. Alteration but not 
destruction of the hair cells could be expected to 
change the rate of discharge and the timing of the 
discharges, thus potentially altering the interaction. 
Changes in the rate of discharge to monaural and 
binaural stimtgdation were found in the drug-treated 
animals as compared to the normal animals. 


METHODS 


Data were obtained from 44 gerbils (Meriones unguéculatus). 
During surgery ard recording sessions the animals were 


"Sodium Edecrir®, Merck, Sharpe and Dohme, West Point, Pa. 


anesthetized with Ketalar® supported by topical application of 
4% Xylocaine®. Pure tones were used as stimuli for all ex- 
periments. A delay line (Ad-Yu Electronics Co) served to alter the 
stimulus phase. The phase was changed in steps of 200 psec for” 
one complete eyele of the stimulus frequency. 

Platinum-tipped glass microelectrodes' were used and were ad- 
vanced diagonally into the central nucleus of the inferior col- 
liculus. In most cases the tract of the electrode was dorsal and 
medial within the central nucleus. The single unit responses were 
computer analyzed. 


Ethacrynic acid was the drug of choice for these experiments 
since, in contradistinction to many of the other ototoxic drugs, it 
can produce morphological changes in the cells of the organ of 
Corti throughout the length of the cochlea. Degeneration within 
the apical region of the cochlea was required since this is the 
region of low tone reception and dichotic phase differences alter 
the rate of discharge only for tones less than 2.0 kHz. 


Animals chosen for perfusion of the bulla cavity with EA* were 
anesthetized as described above. The bulla was surgically ex- 
posed, a hole was made in the bulla wall and the EA solution was 
delivered through the hole. The hole was then sealed and the inci- 
sion was closed. The concentration of EA used in the experiments 
was, in most cases, 2.0 mg/cc. Only the ear contralateral (CON- 
TRA) to the site of the electrode penetration was so treated. The 
animals were permitted a minimum recovery period of two weeks 
before recordings were made. 

At the completion of the recording session the cochleas were 
fixed with 1% osmium tetroxide. Surface preparations were made 
of the organ of Corti and were examined by phase microscopy.’ 


RESULTS 


Monaural Intensity Functions. In general, after 
making contact with a cell, the “characteristic fre- 
quency (CF) was first established. The relation be- 
tween the rate of unit discharge and the intensity of 
the tone was then determined for each ear at the 
CF. To obtain these data the intensity of the tone 
was started just below threshold and then raised in 
appropriate decibel steps of intensity. At each in- 
tensity the tone was presented 20 times for 250 msec 
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Fig. 1. Response intensity functions for normal and EA- 
treated animals. Number of unit responses for 20 stimuli 
each 250 msecs in duration. EA - Ethacrynic acid. 


per stimulus. Data were obtained for 22 normal 
units. The thresholds for the majority of the cells 
recorded were 50 dB SPL or less and the intensity- 
rate functions were usually monotonic. Examples of 
the normal intensity-rate functions are presented in 
Figure 1 (Normal). In the figure all data were ob- 
tained for the CONTRA ears to which the cells were 
maximally sensitive, at the CF of the cell. The CF 
lie between 0.8 and 1.36 kHz. 


Single unit responses from the same units but to 
stimulation of the ipsilateral (IPSI) ear were also 
obtained. Some units were more sensitive to IPSI 
stimulation-lower threshold and greater dynamic 
range as compared to CONTRA stimulation, but 
these cells were in the minority. In most cases, the 
cells responded with a single discharge or failed to 
discharge even at the maximum sound intensity 
available. The reduced neural input from the IPSI 
ear was the reason that the drug was not admin- 
istered systemically. It was felt that the IPSI input 
in most cases would be totally eliminated by the 
systemic route and no interaction could then occur. 


The drug-treated ears, even for equivalent 
dosages, showed morphological changes which 
were not uniform from the base to the apex of the 
cochlea. Rather, irregular segments of swollen cells 
could be seen along the entire length of the organ of 
Corti. In most cases the changes were associated 
with the outer hair cells but on occasion changes in 
some inner hair cells were noted. The stria vascu- 


laris appeared normal. In only one animal were a 
few hair cells missing and this occurred in the first 
row of auter hair cells. For the dosages used no visi- 
ble changes in the nerve fibers could be seen, The 
anatomical appearance of the nontreated IPSI ears 
of the experimental group was essentia ly the same 
as that ef the control group. 


The cata obtained from the drug-treated animals 
are presented in Figure 1 (EA). In each case the CF 
again lie in the 0.8 and 1.36 kHz range. Stimulation 
was fo the CONTRA ear. Within the greup of drug- 
treated animals there were data from cells which 
were indistinguishable from the normak, these data 
have not been included in the figure. In Figure ] 
(EA), E1-E3, the curves differ signifieantly from 
the curves in the normal series. The thresholds are 
about 60 dB SPL or greater. With an increase in in- 
tensity of about 5 dB above threshold the maximum 
rate of discharge is reached, a change of about 40 
discharges per decibel. The dynamic range of the 
responses, then, lies within an abnormally narrow 
range a) sound intensities. 


The second major distinction between the data 
obtained from the normal versus the crug-treated 
animals lies in the fact that some cells discharged at 
a low but fixed rate regardless of the intensity of the 
tone. This is illustrated by curves E4-E6 (Fig. 1). In 
each case the response output remains essentially 
unchanged regardless of the increase in intensity. 
For example, in curve E4 the rate of discharge re- 
mains a! about ten responses over a range of 60 dB. 
The units did not respond spontaneously. 


Phase Delay Series. In this section the change in 
the rate of discharge as a function of phase differ- 
ence of the same tone to one ear in respect to the op- 
posed eur will be discussed. In Figure 2, (Normal) 
data from four cells from the inferior colliculus are 
presented. The CF for the cells lie between 0.8 and 
1.36 kHz. In general the intensity of the tones pre- 
sented was 10 dB above threshold for the CONTRA 
ear and 80 dB above threshold for the IPSI ear. 
Even if IPSI stimulation alone failed to excite a 
unit, eombined CONTRA and IPSI stimulation 
could aliter the rate of response as cempared to 
CONTEA stimulation alone. In 68% ef the cases 
the cells discharged in a cyclical manner which cor- 
responded to the period of the tone. 


Sample data obtained from 5 cells (E1-E5) in the 
inferior colliculus of animals treated with in- 
trabulla injections of EA to the CONTRA ear are 
presented in Figure 2 (EA). All the data presented 
are for the test frequency of 1.0 kHz although the 
CF varied from 0.84 to 2.35 kHz. Within the drug- 
exposed animals there were data from cells which 
could net be distinguished from those in the normal 
group. Within the EA-treated group, however, only 
34% of the cells were sensitive to dichotic phase dif- 
ferences. This is one half the number of phase-sen- 
sitive units found in the norma! group (68%). In 
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Fig, 2. Lead times or phase differences for contralateral (CONTRA) and ipsilateral (IPSI) stimulation in microseconds, 


Number of unit responses for 20 stimulations each 250 msecs, CF - Characteristic frequency; EA - Ethacrynic acid; Test 
-Frequency used in kHz for tests; C - Contralateral; I - Ipsilateral. 


general the discharge rate of the units was smaller 
in the drug-tr2ated animals and the cyclical varia- 
tion in discharge rate was less than in the normal 
animals. This can be estimated by scanning across 
Figure 2. There are also more cells from the drug- 
treated group <hat show an asymmetry in the rate of 
discharge. 


Data from two additional cells are presented 
here. They were not included in Figure 2 because 
their discharge rate was too low to plot and they 
responded to only very limited phase differences. 
Cell 76-2B had a CF of 1.32 kHz and a threshold of 
44 dB SPL. “he cell discharged consistently at a 
phase delay of 690 usec and inconsistently at a phase 
delay of 800 psec when the tone to the CONTRA ear 
lagged behind stimulation of the IPSI ear. No other 
phase delays were effective. Cell 76-22C had a CF 
of 0.829 kHz end a threshold of 36 dB SPL. The cell 
discharged only when the delay of the IPSI ear was 
600 usec and again at a CONTRA ear delay of 400 
usec. For all the other phase differences the cell 
failed to discharge. In both cases, phase was critical 
for discharge and only the summative period of in- 
teraction. was. manifested. 


DISCUSSION 


The present data are supportive of the well- 
established observation that the neural input to the 
inferior colliculus is primarily from the CONTRA 
ear. Therefore the ototoxic drug was injected into 
the bulla of the ear CONTRA to the site of the re- 
cording electrode. The reduced input from the IPSI 
ear by this procedure would be preserved. The drug 
dosage chosen was designed to impair but not to 
destroy the receptor cells. Some hair cells remained 
normal and some of the intensity functions in the 
drug-treated group were indistinguishable from 
those in the control group. On the other hand there 
are data from the cells of the drug-treated animals 
which are markedly different from any found in the 
normal group. In Figure 1 (EA), E1-E3, the intensi- 
ty thresholds for the cells are high and the increase 
in discharge is abrupt: 40 discharges per decibel in- 
crease in intensity. This change in the response 
characteristics of the cell (high threshold and ex- 
tremely limited dynamic range) might well be the 
type of change in single cell discharge underlying 
auditory recruitment seen in human patients. In 
these patients it is assumed that the majority of the 
single units would be responding in this manner. 


UNIT RESPONSE CHANGE FROM ETE% 


The intensity-rate functions for cells E4, ES in 
Figure 1 (EA) are also markedly different from 
those found in the normal sample. In these cases the 
rate of discharge plateaus at an abnormally low 
level over a considerable range of intensities. This 
change in the response characteristic of the cell 
(constant low rate of discharge over a large range of 
intensities) might well be the type of change in 
single cell discharge underlying constant loudness in 
the human patient regardless of the increase in 
sound intensity over a considerable range. Again it 
is assumed that the majority of the single units in 
these patients would be responding in this manner. 


Dallos et al,? Schmiedt* and Sokolich® found 
changes in threshold and the action potential (AP) 
in single first order neuron responses in kanamycin- 
intoxicated animals. Kiang et al®’ have reported 
changes in neural coding at the level of the cochlear 
nucleus but not of the type found in these experi- 
ments. 


The phase delay data obtained from the normal 
animals in most cases replicated the classic variation 
in rate of discharges which reflect the period of the 
stimulus frequency.*"'!° Data obtained from the 
drug-treated animals revealed some phase functions 
which did not differ from the data obtained from 
the normal animals. Again this could be expected 
from the irregular pattern of degeneration of nor- 
mal hair cells interspersed with damaged hair cells 
resulting from ototoxicity. The main difference be- 
tween the two groups is that only one half as many 
cells (84% vs 68%) showed response changes 
related to phase differences as compared to the nor- 
mal group. Those units that did respond to phase 
differences discharged at a lower rate and the 
cyclical change in rate with phase was less 
dramatic. Within the drug-treated animals more 
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cells shewed asymmetry in their discharge rate as a 
functio of phase differences. Dichotic phase dif- 
ference: «an be very critical for response as shown 
particu.zrly in the two cases cited from the drug- 
exposed zroup. In one case cell discharge occurred 
within « narrow range of delays, corresponding to 
the suramative period of interaction seen in normal 
animals. In the second case the unit discharged at 
one phase during each period of the tone. This 
again cumresponded to the peak of the summative 
pericd = interaction seen in normal animals,*'° 
These response changes could be expected to alter 
space ieealization for low tones in patients if the 
majorit of cells were insensitive to phase dif- 
ferences. 














The bk stological observations of the EA-treated 
animals in the majority of the cases showed very 
few mis«.ag hair cells in the surface preparations of 
the orgem of Corti. In addition there appeared little 
if any nerve fiber degeneration. What appeared to 
be rather minimal anatomical changes in the hair 
cells of @he organ of Corti actually resulted in 
significem: changes in the bioelectric recordings. 
First. im some cases no units were encountered in an 
electrode penetration while in other cases one third 
the numer of units were found. Second, there were 
intensit’ rate functions which were significantly 
differenc from those encountered in the normal 
series. Paz ally, there were significant changes in the 
dichotic <hase interaction as revealed in the reduc- 
tion by ae half of the number of units that showed 
sensitivity to phase differences. Greater dependence 
on spec: ic phase relations was found in the oto- 
toxic-treaced animals. Abnormal fiber responses 
were also noted in kanamycin-treated cats where 
there w2 few histological changes in the organ of 
Corti orzs nerve supply.®’ 
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An unusual case of histiocytic type malignant lymphoma with primary presentation in the middle ear cleft in a 32-year-old female pa- 
tient is reported. Despite combined surgical, radiological and chemotherapeutic treatment, the patient expired from a fulminant spread of 
the lymphoma 14 nenths after the first clinical manifestation of the disease in the right ear. 


INTRODUCTION 


Primary presentation of malignant lymphoma in 
the midde ear cleft is unusual, though, according 
to Paparella and El Fiky,' histopathological find- 
ings in the ear are commonplace i in generalized lym- 
phoma. Most nalignant neoplasms of the middle 
ear and mastoid are epithelial.?-* Only two cases of 
lymphoma of the middle ear cleft have been 
reported so far.?'° An additional case is presented 
herein. 


To the best of our knowledge, this is the first 
reported case of histiocytic type malignant lym- 
phoma (reticulum cell sarcoma) with primary 
presentation of the disease in the middle ear cleft. 


CASE REPORT 


A 32-y2ar-o.d female patient was initially ex- 
amined in the ENT Outpatient Clinic of the 
Hadassah University Hospital, Jerusalem, in August 
1976, after heving been referred with an acute 
otological condition. She presented with a two- 
month history ef stuffiness, tinnitus and hearing loss 
in the right ear, and severe deep-seated pain, 
together with intermittent bloody discharge from 
the ear that appeared several days prior to examina- 
tion. Her past history was noncontributory and free 
of any aural disease. 


The clinical examination revealed a soft, bluish, 
polyp-like tumor obstructing the right external 
auditory meates (Fig. 1); the mastoid process was 
painful on percussion; the audiogram showed a 
conductive heering loss of 50 dB. Neither neuro- 
logical signs, aor lymph node enlargement were 
noticed. Six cavs later, after admission to the 
hospital, two somewhat enlarged and tender 
regional lymph nodes (anterior auricular and 
parotid), each of them measuring 1.5 cm, were 
palpated. Except for the above local findings, the 
general physical examination did not reveal any ab- 
normality. Rortine and biochemical examinations 





Fig. 1. View through the operating microscope showing 
complete obstruction of the right external auditory meatus 
by a polyp-like tumor. (x10) 


were within normal range. The chest x-ray ex- 
amination did not show any pathological findings. 
Tomography of the right temporal bone demon- 
strated narrowing and opacity of the tympanic 
cavity, erosion of the tegmen antri, and destruction 
of the posterosuperior wall of the external auditory 
canal (Fig. 2). These clinical and radiological find- 
ings suggested a malignant process of the middle ear 
cleft. Surgical exploration of the right middle ear 
and mastoid was performed through a postaural in- 
cision. The superior and posterior walls of the bony 
external auditory meatus were found to be 
destroyed by a tumor that infiltrated the tympanic 
cavity, attic and mastoid antrum, and had 
penetrated the tegmen antri involving the dura 
mater of the temporal fossa (Fig. 3). The pedun- 
culated polyp-like tumor that obstructed the whole 
external auditory canal had involved Shrapnell’s 
membrane and the adjacent dermal lining of the ex- 
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Fig. 2. Tomograms of the A) right and B) left temporal bones. Tomogran: A demonstrates narrowing and opacity of the 
tympanic cavity (t), erosion of the een (arrow) of the mastoid antruny ‘ae and destruction of the posterosuperior wall of 


the external auditory meatus (triangle). 


ternal auditory meatus. An extensive radical 
mastoidectomy was performed and the anterior 
auricular lymph node excised. 


The surgical specimens were submitted for 
histopathologic examination, which revealed 
malignant tissue of lymphatic origin. The predomi- 
nant cell type had a vesicular nucleus and a promi- 
nent nucleolus. In addition, abundant lymphocytes 
and fibroblasts were present, and there was forma- 
tion of nodules (Figs. 4 and 5). The histological pic- 
ture was consistent with malignant lymphoma, 
nodular, histiocytic type. 


Postoperative Course. The immediate 
postoperative period was uneventful, and the deep- 
seated boring pain in the ear disappeared. The 
postaural incision healed by first intention, and 
there was no discharge from the ear. 


A complete workup, including intravenous 
pyelography, lymphangiography, bone and liver 
scanning, bone marrow and liver biopsies, and 





Fig. 3. View through the operating microscope showing 
the mastoid antrum during operation. Arrows indicate 
penetration of the tumor into the temporal fossa (through 
the eroded tegmen antri) and involvement of the dura 
mater. (x10) 


right carotid angiography, did not show spread of 
the maignant process. 


Ten cays after surgery raciotherapy was in- 
itiated. A pair of 45° wedge-filtered portals, placed 
in an <nteroposterior position, was utilized. Over 
four weexs, 4,200 rads were delivered. The patient 
also reseived chemotherapeutic treatment (Cytox- 
an,© wmeristine, prednisone). The slightly en- 
larged regional parotid lymph node disappeared 
within a few days after initiation of local radiologic 
treatmeTa. 

In Janaarv 1977, five months after surgery, dur- 
ing a cutine follow-up examination, excisional 
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Fig. 5. Low power view showing the jodular ap- 
pearance of the tumor tissue. (Mason trichrome, x30) 


biopsies were taken from the well-epithelialized 
postoperative cavity, and histologice examination 
showed fibrotic tissue without any signs of 
malignancy. A tomographic study of the right tem- 
poral bone, performed at the same time, did not 
demonstrate any further destruction. In February 
1977, eight menths after the onset of symptoms in 
the ear, enlarged ipsilateral cervical lymph nodes 
were palpated on examination. The neck. was ir- 
radiated with a total dose of 4,500 rads, and 
Adriamycin® was added to the previous chemo- 
therapeutic schedule 


There was a remission of the process for three 
months. At the end of May 1977, a fulminant dis- 
semination to the whole lymphatic system was 
observed, with generalized lymphadenopathy, 
bone marrow involvement, hepatosplenomegaly 
and pleural effusion. The patient expired in a 
cachectic state 14 months after the first clinical 
manifestation of the disease in the right ear. 


DISCUSSION 


By far the most common malignancy of the mid- 
dle ear cleft is scuamous cell carcinoma, which ac- 
counts for 75-90% of all malignant tumors of this 
localization.?-°* Malignant lymphoma of the mid- 
dle ear cleft is a very rare condition, and usually oc- 


curs as an extension from the temporal bone, af- 
fected along with other organs in generalized lym- 
phoma.''!'?) Primary presentation of malignant 
lymphoma in the middle ear cleft is most uncom- 
mon. Only two cases could be traced in the avail- 
able literature.” ° 


In lymphomas it is difficult to distinguish, both 
clinically and histopathologically, between primary 
and secondary middle ear involvement, but in our 
case the history and the clinical course of the disease 
indicate that at the outset the lymphoma 
manifested solely in the middle ear. This observa- 
tion is substantiated by the following clinical facts: 
1) Despite the rapid progression of the process, the 
only presenting symptom for two months had been 
stuffiness, tinnitus and hearing loss in the right ear, 
and the malignancy gradually developed into an 
acute otological condition that necessitated surgical 
exploration. 2) At the initial examination two 
months after the appearance of the first symptoms, 
when the process in the ear and mastoid was quite 
obvious, there still were no enlarged lymph nodes; 
small palpable regional lymph nodes appeared 
somewhat later. 3) The surgical findings were 
typical of a tumor of the middle ear cleft, and the 
diagnosis of malignant lymphoma, nodular, histio- 
cytic type, was made on the basis of histologic ex- 
amination of the specimen excised from the ear. 4) 
No foci or lymphoma in other bones and/or 
reticuloendothelial organs could be detected by a 
thorough clinical investigation during the im- 
mediate postoperative period. 5) A tomographic 
study of the temporal bone and biopsies taken from 
the postoperative cavity five months after radical 
mastoidectomy, with subsequent local irradiation, 
did not reveal signs either of further destruction of 
the temporal bone or of local recurrence of the 
tumor, and there still were no clinical symptoms or 
signs of generalized lymphoma. The latter appeared 
only eight months after the onset of symptoms in the 
ear. 


It is, of course, speculative to define where in the 
middle ear cleft the process had appeared at the 
very outset. It might have been the mucous lining of 
the tympanum and mastoid antrum, or the tym- 
panic orifice of the eustachian tube, where a layer 
of lymphoid tissue is often present beneath the 
epithelium." Using the classification proposed by 
Lederman,’ it can be assumed that the lymphoma 
originally manifested as a petromastoid tumor, this 
term having been applied by the author to define 
malignancies involving the tympanic cavity, mas- 
toid antrum and the external auditory canal, 
precisely the sites that were found to be affected it in 
our patient, 
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LARYNGEAL VENTRICLE 
HISTORICAL FEATURES 


RINALDO F. CANALIS, MD 
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The author reviews some of the salient historical features related to the anatomical description of the laryngeal ventricle and its sac- 


cule. The paper is based on a translation of Morgagni’s original w 


biographical note af Morgagni’s life. Only 


The laryngezl ventricle has drawn the attention 
of many illustrious physicians and surgeons. Among 
these, Mo-gagrd and Hilton figure prominently for 
their originaal anatomical descriptions and initial at- 
tempts to nterpret its function. In this communica- 
tion the author endeavors to review some of the ear- 
ly historical facts related to the anatomy of the 
laryngeal ventricle, giving special emphasis to 
Morgagni’s work. To this effect a personal transla- 
tion of this anatomist’s description is presented. In 
addition < short biographical note on Morgagni’s 
life, stressing peints of otolaryngological interest, is 
included. 


METHODS 


Biographical. Intornation was obtained from one of the four 
available auzobiogxaghies of Morgagni. The one selected was 
found at the Laurentian Library in Florence in 1952 and was 
translated in:o Italian by Pazzini and Galeazzi’ in 1956. It was 
written late n the anatomist’s life (exact date unknown) and is 
especially interesting because it is narrated in the third person. 
Protected by this artifice Morgagni spoke about himself with can- 
dor providing an urusual insight into his personality. In addition 
the account dy one of the anatomist’s contemporaries, and first 
biographer, Giuseppe Mosca, was consulted. This book, Vita di 
Giambattista Morgagni, was published in Naples by Vincenzo 
Manfredi in .764. The copy used belongs to the rare book collec- 
tion of the UCLA Library for the Biological Sciences. 


Anatomical. Twe copies of Morgagni’s work, written in Latin, 
the Adversar.a Anařomica Omnia were used. The first is at the 
Regenstein Library of the University of Chicago and was pub- 
lished in Pad 1a in £719 under the care of J. Cominus. It includes 
five anatomical places probably drawn by the painters Cramer 
and Francia. The second is part of the rare book collection of the 
UCLA Library for che Biological Sciences. It is identical to the 
one published in 17° 9 except for the addition of a portrait plaque 
dated 1718 (Fig. 1). It was printed in Padua in 1723 by Johannem 
Arnoldus Langerak. 


No Englist versicns of the Adversaria Anatomica Omnia are 


Aad. viiva aera aasan 


ork published in 1719. This information is presented along with a short 
original sources were used and photographs of the original illustrations are included. 
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Fig. 1. 


Portion of the frontispiece of Adversaria 
Anatomica published in 1723 by Langerak. It bears a 
medallion with a profile of Morgagni at age 36. (Note 
Roman numerals at bottom of portrait on right). 


MORGAGNI AND HIS TIMES 


The value of Morgagni’s contributions may be 
better understood with a brief note on the political 
and scientific conditions of his time. Following the 
cultural outpouring of the Renaissance and the 
struggle of the Reformation, Italy had lost her 
prominent role in Europe and was succumbing to 
Spanish subjection. As a result the country was 
becoming increasingly poor and was falling into 
political chaos. Nevertheless, Italy still produced 
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leading figures in the arts and sciences. Among 
these Galileo became the greatest scientific figure of 
his time and initiated a school of scientific tradition 
which influenced Malpighi, Valsalva and eventual- 
ly Morgagni. The achievements of these men in this 
uncertain age are especially impressive when the 
repressive force of the Inquisition is considered. 


Giovanni Battista Morgagni was born in Forli 
(Romagna) on February 25, 1682. When 16 vears 
old he moved to Bologna to study medicine where 
his passion for anatomy was awakened by the 
teachings of Antonio Maria Valsalva. He was a slim 
young man, fair and blue eyed, who soon demon- 
strated an immense capacity for work. Illnesses, 
wars, and later in his life, even the death of his 
children and wife did not distract him from his dai- 
ly task. 


Shortly after his graduation from the School of 
Medicine at the age of 19, Morgagni became 
substitute teacher of anatomy and participated in 
the writing of Valsalva’s memorable work on the 
human ear (1704). Morgagni’s genius soon im- 
pressed his peers who made him a member of the 
most prestigious scientific society of Bologna, the 

“Accademia Degli Inquieti,” (literally, Academy of 
the Restless). At the age of 22 Morgagni became 
president of this society, where two years later he 
read the first of his anatomical works. He named 
these studies “Adversaria Anatomica,” a title that 
some of his biographers wrongly believe analogous 
to “essays” in anatomy. Indeed the term adversaria 
(probably from challenge) is likely to have been 
created by Morgagni to express dissension with ex- 
isting views. 


The first Adversaria was printed by Francesco 
Francai with drawings by Michelangelo Canazzoni 
(Fig. 2). It contains the description of the laryngeal 
ventricle and is by far the most interesting for 
otolaryngologists. In it Morgagni described an at- 
tempted interpretation of the function of the 
arytenoids, the epiglottis, the vocal cords and the 
strap muscles, 


From 1709 to 1712 Morgagni held the chair of 
Theoretical Medicine at the University of Padua 
and at the end of this term married Paola Vergeri 
who bore him 15 children. In 1715 Morgagni was 
appointed to the coveted chair of Anatomy at the 
University of Padua. Four years later he completed 
his sixth and last Adversaria and following inquisi- 
tional approval the collection was printed. During 
the same period of time he published 18 anatomical 
epistles and a biography of Valsalva. 


Morgagni concentrated the last four decades of 
his life to study the correlation between disease and 
anatomical change. The results of these efforts were 
published in his 71st year and represent the basis of 
modern pathology. He titled his work De sedibus et 
causis morborum per anatomen indagatis (On the 


ADVERS.1 
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Fig. =. The second plate of Adversaria Anatomica I il- 
lustratz oon issections of the larynx and trachea. 
The vextricles are outlined on Figs. H and HI. The saccule 
is depreed in Fig. IV. 


site ane causes of disease investigated through 
anatom. Of special interest to otolaryngologists 
are his «servations on impaired deglutition and on 
tumors əf the palate, larynx and pharynx. His 
demons vation that the epiglottis can be lost 
without alteration of speech or swallowing is addi- 
tional proof of his remarkable understanding of 
laryngex. function. Morgagni continued to work 
until the day before his death which was probably 
due to æ stroke. It occurred on December 8, 1771 at 
11:30 Pad. He was 89 years old and his remains rest 
in the C-urch of San Massimo in Padua. 


MORG, 





i NIS DESCRIPTION OF THE LARYNGEAL 
VENTRICLE 


Preliratnary Note. The following translation in- 
cludes essentially all of paragraph 16 of Adversaria 
I. This »aragraph is preceded ky a description of 
the aryt-ooids and epiglottis and its initial sentences 
refer to nese structures. Brief explanatory notes are 

2 between brackets. 








ns-ated Text on the Ventricles of the Larynx. 


There is imere in the larynx which is generally neglected by the 
more recess: anatomists which, if not similarly necessary, it is at 
least impeztant to remember and also merits to be subject, oh 
honorablezriends, to your consideration. In order for this matter 


to be more-easily understood it is best to first remember what is 
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the glottis. and from which elements and in what way it is 
formed. Tie glottis, the most important organ of voice, is an 
elongated fissure formed by several small elements which project 
from either side into the cavity of the larynx. Since these parts are 
oblique porteriorly and horizontal anteriorly this fissure also is ob- 
lique in its posterior portion and horizontal in its anterior part. 
The oblique part of zhe fissure is similarly structured in both sides 
of the cavity by the major roots of the arytenoids; in this manner 
this portiom of the glottis is reduplicated. The horizontal part of 
the glottis & constituted in either side by a double white ligament 
in turn formed by a double bunch of fibrils that come together as 
the halves of the thyroid cartilage unite. Of these ligaments the 
one above, [false-vocal cord] which arises close to the middle of 
the cavity 2xtends almost to the middle of the thyroid cartilage 
where it becomes attached. The inferior ligament [true vocal 
cord] arises near the inferior extreme of the cavity. From here it is 
projected -owards the thyroid where it attaches immediately 
underneat! the first ligament. These two ligaments project [into 
the cavity] to form the horizontal glottis. Of the two, the inferior 
ligament, projects more, because it has added to itself, the inferior 
portion of the thyroarytenoid muscle. Now I will bring to conclu- 
sion the tas« for which I have included this description of the glot- 
tis. Between these two ligaments that I have made evident, there 
is a fissure of eliptical form present in one and the other side, and 
of such am litude that we can partially introduce [into it] the tip 
of our thumb or ef another digit according to the variable size of 
the larynges under study. These fissures, if I understand correctly, 
are greatly important orifices of the larynx. Their lower portion is 
limited by the inferior fibers of the thyroarytenoid muscle; 
posteriorly they are covered, in successive layers and up to a 
moderate Feight by the middle fibers and also the superior fibers 
of the samme muscle. Higher, they somehow retain the shorter 
roots of the vascular glands. In that part in which they become 
closer to the base of the epiglottis the cavities are deeper, 
sometimes because of the addition of a larger appendix and 
sometimes dy the addition of a somewhat smaller appendix: this 
you can easily observe if you introduce a scalpel into the cavity. 
These [the appendices] are covered by the same [epithelial] tissue 
with whict the inter.al portion of the larynx is covered: this lining 
is perforated by many orifices particularly in that part on which 
the roots o` the vascular glands rest and from these perforations 
drops of a cense and oozing humor extrude. Galen was the first to 
find these cavities and he called them ventricles; and even if I do 
not ignore that this name is more appropriate to the hog, in which 
it is apparent that he observed them, since I believe that the 
names given by the Ancients must not be changed without a 
serious anc singular reason, I will keep it [the name ventricle] 
adding the distinction of “laryngeal.” Curzio also knows them 
with the mame “orifices” and he describes them quoting from 
Galen. They are also described by Carolus Stephanus, therefore it 
is reason fo- wonder that some of his followers such as Laurentius 
do not ever refer to Galen’s [description]. Also it is strange, that 
Fabricius ad Aquapedente and his disciple Casserius, despite hav- 
ing written with such dedication so many studies on the larynges 
of animals and man, have not described the ventricles while ex- 
tensively considering their surrounding parts. Boninus and 
Riolanus and a few other Ancients, indicated their existance 
without describing them. Precisely the same thing has also been 
done by a f2w [more current] anatomists that mentioned the ven- 
tricle negleting its description. This being the state of things and 
since in Gelen’s description as in those of Stephanus, that most 
likely do nct refer to man, quite a few things are missing, no one 
should be sarprised i: the function of the ventricles as proposed by 
Galen, Borinus, Riclanus or even Stephanus have not met suc- 
cess, or thet nothing regarding their function is to be found in 
later anatomists. In regards to these functions, oh most illustrious 
Colleagues. I would like to ask your judgment and opinion, since 
I have not reached an appropriate answer to this most difficult 
question. Eowever, every so often, this comes to my mind: If the 
ventricles saould have to do with the variations in the tone of the 
voice. This suspieion arose in me upon reading an observation 
made by Fabricius. In fact Fabricius teaches: in those frogs that 
will produce a deep voice, the auricles are covered in both sides by 
a thin and elastic membrane that air inflates and distends out- 


wards during deeper tones; therefore with the opportune addition 
of these cavities it is possible to produce this depth of sound, or 
better, as states the genial Dadarzius, the profound echo of the 
sounds in question. In reality as the ventricles may be easily 
retracted or compressed they may inversely be extended [dilated]; 
in practice they will contract during acute tones and dilate during 
those deep. In fact the ventricles, as I have demonstrated earlier, 
are in close relationship to the thyroarytenoid muscles and so 
restricted by the thyroid cartilage that if those muscles contract or 
relax it is also necessary for the ventricles to be compressed or 
dilated. To conclude then, this pair of muscles [thvroarytenoids] 
will contract during acute tones to compress the glottis: 
simultaneously, and for the same reason, [to produce acute tones] 
the thyroid is fixed [stabilized] by action of the stvlopharyngeus 
and thyropharyngeus muscles; for the opposite reason this same 
thyroarytenoid pair and the cartilage will relax during the deep 
tones. And these, oh Colleagues, were the reasons for my hypo- 
thesis. Nevertheless should you, as you are used to, thoughtfully 
consider this or another conjecture regarding the function of the 
ventricles you should probably diligently look for this: in which 
animals, for what reason and in which manner are these ven- 
tricles placed; such a thing I have decided to discuss now within 
some limits. For example the dog has two ventricles of a peculiar 
shape which in fact are quite different from Casserius’ descrip- 
tion. In the dog, from the vascular processes [arytenoids], the two 
ligaments extend bilaterally forward leaving in between an orifice 
of characteristic shape. From here starts the ventricle which im- 
mediately becomes deeper inferiorly where it becomes a cavum. 
The thyroarytenoid muscle raises across this ventricular cavity, as 
within an enclosed space, and in reality divides this first 
[posterior] part of the ventricle from the other [anterior] which is 
much more spacious. In fact this space, interposed between the 
thyroarytenoid muscles and the thyroid, is very vast extending up- 
wards and dilating posteriorly. Fabricius of whom, I believe you 
will know enough, described in which way [the ventricles] are 
developed in the horse and in the hog [and implied their universal 
existence]. However, a double portion of the glottis does not exist 
in [the larynx of] the sheep nor in the oxen nor in any place there 
are ventricles or anything similar to the ventricles. And in this 
way even Fabricius is mistaken in his belief that every terrestrial 
animal has laryngeal ventricles. To this point are the anatomists 
prone to fall into error when they extend to any type of animal 
what they have observed in some species. And indeed the students 
of human history will grieve because of this uncritical habit which 
is attached to the souls of some of those that dissect the body. 
Because of this, as was later shown by Vesalius and other out- 
standing anatomists, even Galen who knew no equal in dedica- 
tion and ingenuity, made many errors in the description of the 
human body... 


From here Morgagni continues to criticize errors 
deriving from the direct application of animal find- 
ings to human anatomy and concludes the para- 
graph saying: 

May heavens wish for these errors to have found their 
way into Anatomy only through the guilt of those 
who based themselves in the similarity of the work of 
Nature, [as opposed to negligence or lie], which has 
been expounded by illustrious figures more than it is 
convenient for any century or age, and certainly well 
understood by few. However, errors of this kind will 
be probably perpetrated by authors to follow. 

Comment. The familiar, epistolar style of this 
paragraph is a characteristic found in all of 
Morgagni’s writings. It was probably used with a 
sense of modesty, but it does sometimes detract 
from the clarity of the text. The anatomical descrip- 
tion is extremely accurate while the physiological 
interpretation is ingenious but mistaken. The ag- 
gressive criticism of the direct application of animal 
findings to human anatomy may appear excessive. 
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However, there was a clear need for it since human of the intluential anatomists of the time and 
cadaver dissection was still frowned upon by some discouraged by the Inquisition. 
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NINCDS NOTES* 


CONSENSUS CONFERENCE ON FEBRILE SEIZURES 


A consensus development conference on Long-Term Management of Children ith Febrile Seizures will be held May 19-21, 1980 at 
the Masur Auditorium, Clinical Center (Building 10), NIH, Bethesda, MD. Them is no registration fee. Twenty hours of Category I 
continuing medical education credit has been approved. 


CNS TRAUMA CENTERS AND DATA PANK LAUNCHED 


The National Institute of Neurological and Communicative Disorders and Streate (NINCDS) has awarded contracts for the develop- 
ment of three comprehensive central nervous system trauma centers and for a natiomal data bank on traumatic coma. 


NEW EVIDENCE FOR CNS NEEVE EEPAIR 


Two recently published research reports provide evidence that central nerves system neurons may have the capacity to repair 
themselves after injury in a manner permitting return of useful function. 


Researchers at the University of Wisconsin found that in infant hamsters severed pyramidal tract axons put out new branches that 
found their way by a new pathway to their appropriate target sites in the medullz. and spinal cord. 


Work by researchers at Yale University, supported by a grant from NINCDS, «as shown that in the larval sea lamprey, the axons of 
giant reticulospinal neurons, if severed, can regenerate across the lesion and make new connections that permit the animal to swim again. 
Although the regenerating nerve fibers that crossed the lesion did not follow their former paths — and although the new synapses differed 
in some of their features from those in normal lampreys — the reappearance of bodyxnovements leading to active swimming “suggests that 
the observed regenerated synapses are functional.” 


NEW NATIONAL ADVISORY COUNCIL MEMBERS NAMED 


Six new members have been appointed to the NINCDS National Advisory Neurological and Communicative Disorders and Stroke 
Council for four-year terms ending in October 1983. The six are: 

Dr. Patrick F. Bray, Professor of Pediatric Neurology, University of Utah Cadtege of Medicine, Salt Lake City. 

Ms. Nyrma Hernandez, Deputy Executive Director for Program Services, Esdepsy Foundation of America, Washington, DC. 

Dr. Thomas W. Langfitt, Professor and Chairman, Division of Neurosurgery, University of Pennsylvania School of Medicine, 
Philadelphia. 

Dr. David J. Lim, Professor of Otolaryngology and Anatomy, Ohio State Unversity College of Medicine, Columbus. 

Dr. Lois B. Moreland, Professor and Chairman of the Department of Politieal Science, Spelman College, Atlanta. 

Dr. James F. Toole, Professor and Chairman, Department of Neurology, Bewxman Gray School of Medicine, Wake Forest, NC. 


NEW PUBLICATIONS 
A new publication, available free in small quantities, may be ordered from ICDS as noted below: 


The NINCDS Fact Book for 1979 outlines the Institute’s organizational structuxeand lists department heads and key contacts in each 
program area. It also provides names and addresses of members of each of the Institrte’s advisory groups. Budget data include breakdowns 
of NINCDS research expenditures by disorder category and by geographical distribwtion, as well as a budget history of the Institute and a 
look at the NINCDS budget as part of the NIH. For the Fact Book, write the Office of Scientific and Health Reports, NINCDS, National 
Institutes of Health, Bethesda, MD 20205. 





~ *This column is prepared monthly by the Office of Scientific and Health Reports, Nationa: Lastitute of Neurological and Communicative Disorders and 
Stroke, For further information, write or call Carolyn Holstein, NINCDS/OSHR, NIH Bidg..3!, Room 8A-16, Bethesda, MD 20014. (301) 496-5751. 
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ACOUSTIC REFLEX RESPONSE DURING CURARE-INDUCED 
WEAKNESS 


ROGER A. RUTH, PhD 
MICHAEL E. JOHNS, MD THOMAS F. GAL, MD 


CHARLOTTESVILLE, VIRGINIA 


The acousti stapedial reflex (AR) was measured in five healthy subjects during intravenous administration of d-tubocurarine in four 
equal doses totakng 0.2 mg/kg. The behavior of the reflex in the face of progressive muscle weakness was assessed. Amplitude changes in 
the AR elicited k= pulsed tones were compared to measurements of maximum respiratory pressures reflecting respiratory muscle strength. 
Total curare dos averaged 16.1 mg and produced symptoms progressing from mild diplopia with the initial dose to absence of hand-grip 
and head-lifting ability with the final dose. Peak-to-peak amplitude of the AR decreased progressively with each dose of curare. Effects 
were not strictl. additive but showed the largest change with the last dose. Decreases in expiratory muscle strength closely paralleled 
changes in the A-a, whereas changes in inspiratory muscle strength were less marked than the AR, especially with mild weakness. The dose- 
dependent reduc ion of the AR corresponded to changes in respiratory muscle as well as general muscle strength. Therefore we concluded 
that the AR is a valid and sensitive index of neuromuscular transmission which has an advantage over most tests of muscle strength since 
subject effort and cooperation do not influence test results. 





INTRODUCTION reversed by administration of anticholinesterases, 
agents which retard hydrolysis of acetylcholine and 
allow its accumulation at the neuromuscular junc- 
tion.’ Finally and most important, the sequence of 
involvement of muscle groups parallels that of pro- 
gressive myasthenia.*° 


Previous irvestigations of the acoustic reflex in 
patients with muscle weakness have demonstrated 
abnormalitie: in both threshold and decay of the 
stapedial musc.e response.'? Muscle weakness in 
these patient: resulted from myasthenia gravis, a 
disease characterized by impaired neuromuscular Although this area has received little attention, a 
transmission pecifically localized in the postsynap- study by Smith et al’? recorded the effects of curare 
tic area of the neuromuscular junction.* Although on threshold of the AR while investigating the reg- 
aly skeletal muscle may be affected, the disease ulatory behavior of the middle ear musculature. 
usually involves the more proximal muscles and Subjects received a single arbitrary dose of either 6 
particularly tnose involved in more refined control, or 8 mg, depending on body weight. Three to ten 
such as the ertraocular muscles, which are affected minutes after curare injection the subjects exhibited 
in almost all zases of myasthenia gravis.* Similarly a mean increase in reflex threshold of 12 dB, fol- 
the muscles OF the middle ear, which arg both proas lowed by a gradual return to preinjection reflex 
imal and finely regulated, should be impaired in a threshold levels. Although these findings indicate a 
large portion of these patients.° Recent studies have definite effect of curare-induced muscle weakness, 
confirmed this expectation and suggest that the no attempt was made to quantitate suprathreshold 


stapedius mu_cle is weakened in even mild forms of changes in reflex behavior and relate them to other 
the disease process,” measures of muscle weakness. 


In the present study we sought to more precisely The present study was designed to examine the 
evaluate the sensitivity of the acoustic stapedial response of the suprathreshold acoustic reflex to 
reflex (AR) in the face of generalized muscle amplitude-modulated signals in the face of pro- 
weakness. Iafusion of d-tubocurarine produces gressive muscle weakness produced by d-tubocur- 
generalized rauscle weakness similar to myasthenia arine. During incremental doses of the drug, 
gravis and thas affords a scheme to assess the prob- changes in the reflex were correlated with changes 
lem in healthy volunteers free of the many variables in respiratory muscle strength, reflected by 
present in the patient populations. The actions of measurements of maximum respiratory pres- 
curare reser ble the myasthenic state in several sures.''-'? Thus, dynamic and progressive changes 
respects. Firs: of all, both affect the activity of the in neuromuscular transmission in the stapedial mus- 
postjunctione! receptor at the neuromuscular junc- cle could be related to a generalized state of muscle 
tion. Muscle weakness resulting from beth can be weakness simulating myasthenia gravis. 


From the Derartment of Otolaryngology and Maxillofacial Surgery, and the Department of Anesthesiology, University of Virginia Medical School, 
Charlottesville. Virginia. 


Portions of thi work were presented before the Basic Research Forum of the American Academy of Otolaryngology, Las Vegas, Nevada, September 10, 
1978, 


REPRINTS — Roger A. Ruth, PhD, Department of Otolaryngology and Maxillofacial Surgery, Box 430, University of Virginia Medical Center, 
Charlottesville, VA 22908. 
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Fig. 1. Time course of the experiment. Measures of the acoustic reflex 3} and respiratory function (BF) are indicated 
below and above the time line, respectively. Numerical values along the fae axis are in minutes after initial injection of 


curare, Arrows identify each of the four curare injections. 


METHODS 


Subjects. Five healthy males, ages 21 to 32 (mean age 25), 
served as subjects. All had hearing thresholds 15 dB or better in 
both ears on standard audiometric evaluation. Tympanometric 
values (+ 25mm H,O middle ear pressure and normal com- 
pliance) and otoscopic examination were also within normal 
limits. Informed consent was obtained after fully explaining the 
nature, purpose, and risks of the study, which was approved by 
the human experimentaton committee of the University of 
Virginia. 


Equipment. Subjects were awake and supine throughout the 
experiment. An American Electromedics model 83 impedance 
bridge coupled to a Mingograf model 34 strip chart recorder 
served to register the reflex response. The system was calibrated 
by means of a microsyringe. Contralateral acoustic reflex-eliciting 
stimuli consisting of pulsed 500 Hz and 2000 Hz pure tones were 
generated by a Grason-Stadler 1705 audiometer. The signals were 
amplitude-modulated at a rate of 1.5 pulses per second (on-time 
300 msec; rise time 30 msec; decay time 70 msec). A TDH-50 
transducer mounted in a MX41-AR cushion served as the end- 
point of the stimulus delivery system. 


To assess respiratory muscle strength, maximum inspiratory 
pressure (PI max) and maximum expiratory pressure (PE max) 
were measured with a Validyne MP-45 differential pressure 
transducer (range 0-250 cm H,O) connected to a mouthpiece by 
polyethelene tubing (PE 200). The transducer signal was recorded 
on a strip chart recorder (Gould/Brush model 220). The entire 
system was calibrated with a mercury column. An electrocar- 
diogram was recorded continuously on each subject with an 
ORM-1 oscilloscope (Electronics For Medicine). Maximum in- 
spiratory and expiratory pressure were recorded by having sub- 
jects perform a maximum inspiratory and expiratory effort 
against an occluded mouthpiece. Pressures were generated at the 
portion of the respiratory cycle referred to as the functional 
residual capacity (FRC), ie, the lung volume at the end of a quiet 
exhalation, Mouth pressures maintained for at least one second 
were recorded. Control values were obtained only after a suffi- 
cient practice period to eliminate the effects of learning on the 
maneuvers. All values were recorded as the mean of three deter- 
minations. 


Procedures. Tympanometry was performed on the ear chosen 


for study and was repeated several times throughout the experi- 
ment, ie, immediately after each dose of curare. Frequent sam- 


TABLE 1. GENERAL EFFECTS OF CURARE 


Dose* Effects 


l Diplopia 
2 Ptosis 
Grip strength slightly weak 
3 Jaw weak 
Facial muscles weak 
4 DETA difficult 
Unable to lift head 


Grip virtually absent 
*Total dose: 0.2 mg/kg; each dose: 0.05 mg/kg. 


pling of widle ear pressure was necessary in order to assess possi- 
ble chang=s resulting from the respiratory testing. Contralateral 
AR thresbeld was determined for both a 500 Hz and a 2000 Hz 
pure tone “J! reflex measures were obtained with external canal 
pressure exjusted to the point of maximum compliance. 
Thresholc ef the reflex was determined by an ascending/ 
bracketing æpproach utilizing 2 dB steps and was defined as the 
lowest int~acity required to produce a noticeable deflection on the 
complianes change meter of the impedance bridge. The ampli- 
tude-mod ¿ted tones were then presented at a level of 10 dB 
above AP <areshold for a total duration of approximately five 
seconds. Tee two stimuli were alternated with a five to ten second 
rest perice Hetween successive presentations. 














Followisz acquisition of all baseline data (respiratory muscle 
function æd acoustic reflex), d-tubocurarine was administered 
intravenoedly to a total dosage of .2 mg/kg body weight. Four in- 
cremental doses of 0.05 mg/kg were given at intervals of seven 
minutes avert. Immediately after each injection AR activity was 
recorded i» response to the amplitude-modulated tones presented 
10 dB abows preinjection reflex threshold. No attempt was made 
to reestabesa AR threshold following injection of curare. Four 
minutes ast=- each curare dose had been administered, monitor- 
ing of the seeustic reflex ceased and the tests of respiratory muscle 
function wre performed during the subsequent two to three 
minutes. 

At vary intervals (8 to 18 minutes) following the fourth and 
final dose x curare, reversal of the neuromuscular blockade was 
accomplisaz] with intravenous injection of 2.5 mg of 
neostigmire . an anticholinesterase agent, and 1 mg of atropine to 
counteract parasympathetic effects. Amplitude-modulated AR 
responses. sare monitored throughout the recovery period, vary- 
ing amorg ubjects from 17 to 27 minutes following the final in- 
jection of «sare. Figure 1 summarizes the time course of the en- 
tire experic=mnt. 


RESULTS 


The «erage total dose of d-tubocurarine ad- 
ministers: was 16.1 mg, with a range of 13 to 18.6 
mg. The: abjective effects associated with each dose 
of curar® are summarized in Table 1. They range 
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~~ Decrease Compliance 


25% Reduction in Modulotion- amplitude of Reflex Response 


Fig. =. Reflex response analysis. Method of measure- 
ment of “32 acoustic reflex in response te pure tones pulsed 
at a rat~ ef 1.5 per second. Total reflex activation time 
ranged f-3m seven to ten seconds. For purposes of analysis, 
peak-to-zeak excursion width was calculated by averaging 
over a seseral second activation period. 
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from mild diplopia with the initial dose to marked 
difficulty swallowing, inability to lift head, and 
total absence əf hand grip with the final dose. These 
symptoms stre ngly resemble the clinical progression 
of neuromusealar weakness in myasthenia gravis. 


The maximam depression in general muscle func- 
tion is seen aoproximately four minutes following 
an intravenots paar a of curare and eo ae 
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Fig. 3. Peak-to-peak amplitude of the acoustic reflex 
(AR) plotted as percent of preinjection AR response for 
each of the five subjects. Fig. 3A-E represent data from 
subjects 1-5. The breaks along the abscissa indicate the 
three minute intervals during which time measures of re- 
spiratory muscle strength were obtained. The vertical line 
toward the right hand portion of each graph identifies the 
time of injection of the reversal of the neuromusclar block 
with neostigmine and atropine. Values are plotted as la- 
beled for the two separate frequencies (500 Hz, 2000 Hz) 
used to elicit the reflex. 


gradual recovery occurs.'*5 In the present experi- 
ment the AR was measured during the dynamic 
phase of the neuromuscular blocks, ie, the initial 
four minutes after intravenous injection, whereas 
respiratory muscle function was evaluated during 
the quasi-steady state four to seven minutes after 
drug administration. 


The AR was elicited by means of a pulsed stimu- 
lus resulting in a series of successive contractions 
and relaxations of the stapedius muscle. A modula- 
tion rate of 1.5 pulses per second allowed for almost 
complete relaxation, ie, return to baseline com- 
pliance, of the reflex response prior to subsequent 
contraction. Figure 2 illustrates the method of 
analysis for a typical reflex response in one of the 
subjects. The average of the peak-to-peak excursion 
width is shown at the baseline, ie, preinjection, and 
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Fig. 4. Representation of a plot at 500 Hz and 2000 Hz 
of the mean acoustic reflex responses of the five subjects 
depicted individually in Fig. 3. 


after the final dose of curare. In this subject curare 
provided a 66% reduction in the modulation-am- 
plitude of the reflex response. 


The relative changes in the AR response with in- 
creasing doses of d-tubocurarine are shown in Fig- 
ure 3 A-E for each of the five subjects. Postinjection 
responses are plotted as percent of baseline 
response. The breaks in the time scale along the 
abscissa identify the three-minute intervals during 
which time respiratory muscle strength was mea- 
sured. Despite intersubject variability, there is a 
clear tendency for the peak-to-peak amplitude of 
the response to progressively decrease with each 
curare dose. Recovery rate varied from subject to 
subject depending on the time at which the reversal 
drug (neostigmine) was administered. However, a 
level within 15% of baseline was reached between 
12 and 21 minutes after the last dose of curare. 


Maximal reduction of the AR following the first 
injection of curare occurred between two to four 
minutes. All five subjects exhibited a “bounce-like” 
recovery period during this first four minutes after 
the initial injection of curare, rather than a definite 
plateau in the response. The “bounce-effect,” al- 
though demonstrable, is not as prominent in Figure 
4, a plot of the mean values for all five subjects, 
because in each subject the maximal depression oc- 
curred at slightly different times. 


In four of the five subjects the responses to the 
two stimulus frequencies, ie, 500 and 2000 Hz, were 
nearly identical. One subject (Fig. 3C) demon- 
strated greater depression with the 2000 Hz tone. 
Nevertheless, the responses for the two stimulating 
frequencies differed by no more than 15%. The 
pooled correlation between the reflex-eliciting tones 
of 500 and 2000 Hz was significant as shown in 
Figure 5 (R = 0.81, P < 0.01). 


The relationship between respiratory muscle 
strength and the AR is illustrated in Figure 6. These 
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Fig. $ Bivariate plot of all values obtained for the 
acaustie reflex during administration of curare. The 
yercermace of preinjection (baseline) values for stimulating 
a of 2000 Hz are plotted as a function of 
simultænecus values obtained with 500 Hz. 


mean valves are plotted as the percentage of control 
for all fize subjects, For the 500 Hz stimulus the first 
injectior ef curare reduced PE max to 75% of con- 
trol anc the AR response to 70%. With the final 
dose of urare PE max and the acoustic reflex were 
35 and 27% of control, respectively. Thus, the 
sensitivéw of these two different muscle groups to 
curare-imduced neuromuscular blockade is, in rela- 
tive terri, nearly equivalent. A similar relationship 
exists for the 2000 Hz stimulus, except for a slightly 
greater reduction in the AR following dose four. 
Maximum: inspiratory pressure ears control value 
(95%) fellowing the first injection of d-tubo- 
curarine while the AR was approximately 70% of 
control for either test frequency. The remaining in- 
jections of the drug reduced both parameters in a 
stepwise, almost linear fashion. 


The racure of the dose-relatec effects on the AR 
response can be inferred from the relative position 
of the azrows located at the top of Figure 6. The gap 
betweer. the arrows progressively widens with each 
dose. Thas, although all doses were equivalent, 
their ef ects on the AR were not strictly additive. 
Rather, tae greatest effect was produced by the last 
dose. A s:milar effect exists for PI max. Maximum 
expiratery pressure, on the other hand, exhibits its 
greatest relative reduction with the third dose and a 
slightly smaller decrease with the final dose. 


DISCUSSION 


These data indicate that d-tubocurarine produces 
a dose-dependent decline in the peak-to-peak AR 
response which parallels that of respiratory muscle 
strength. The AR is clearly more sensitive than 
measur“s of inspiratory muscle strength (PI max) in 
curare- mduced neuromuscular blockade. This is 
not surpr.sing in view of the fact that the measure of 
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Fig. 6..Respiratory muscle strength reflected by changes in respiratory pressure measurements (P max) are plotted as a 
function of changes in the acoustic reflex. Values represent the mean of five subjects and are expressed as percent of control 
(preinjectioa) values. Graphs indicate changes seen with A) a stimulating frequency of 500 Hz and B) with a 2000 Hz 
stimulus. A rows indicate the dose of curare responsible for these changes. 


PI max refleets primarily the action of the dia- 
phragm, the muscle least sensitive to curare- 
induced neuremuscular blockade.’ The AR is af- 
fected to an extent similar to expiratory muscle 
strength (PE nax), which tends to reflect overall 
muscle integrity.!’ 


The initial cose of curare produced a significant 
reduction in the AR response. Diplopia was the only 
general subjecive effect after the first dose of cur- 
are, a finding similar to very mild forms of myas- 
thenia gravis. This is consistnet with a previous 
study in a group of five myasthenics with ocular 
signs as the omy manifestation of disease.’ 


Measuremert of the AR was performed during 
the dynamic aad progressive phase of the curare ac- 
tion, which allbwed observation of the relative time 
course of the 1euromuscular blockade. Following 
the first injeetion of curare, the most striking 
feature was tae appearance of the “bounce-like” 
recovery betwzen two to four minutes. It is in- 
teresting that the onset of the recovery coincided 
with the subject’s report of reduced diplopia. The 
apparent recowery from neuromuscular blockade in 
both the stapedius and extraocular muscles may re- 
sult from the elatively high rate of blood flow to 
the muscles o the head and neck. Thus, curare 
reaches the sit- of action quickly, becomes diluted 
rapidly, and i redistributed to other areas. This 
also explains why the effects of equivalent doses of 
d-tubocurarine are not algebraically additive (Fig. 
6). With the first three doses the additive effects 
were smaller taan the last dose, where accumula- 
tions of the drug at the neuromuscular junction be- 
come more difaicult to reverse by uptake and redis- 
tribution by the blood. 


ete 


The present findings agree closely with those of 
Smith et al'° in that the AR was not totally abol- 
ished by intravenous injection of d-tubocurarine, 
even with a total injection two to three times larger 
than the 6 to 8 mg dose they employed. They ex- 
plained this finding by postulating that the stape- 
dial muscle may contain a mixture of both striated 
and smooth muscle fibers. Since curare influences 
the neuromuscular transmission only of striated 
fibers, the remaining smooth muscle of the stape- 
dius would be able to produce the reflex response 
albeit at a higher level of stimulation. If this were 
indeed the case, one would expect the progressive 
reduction of the AR with increasing doses of curare 
to reach a plateau beyond which the reflex would 
be unaffected by the drug. Although we cannot ex- 
clude such a possiblity, our data show no evidence 
of a plateau effect. Furthermore, controversy exists 
concerning the actual fiber composition of the 
stapedius muscle. Several investigators have 
demonstrated only striated fibers in their examina- 
tions of the stapedius muscle. '® 


The present study confirmed the efficacy of the 
AR in detecting progressive neuromuscular 
blockade produced by d-tubocurarine. Com- 
parisons of the declining AR and decreases in 
respiratory muscle strength yielded similar results. 
We may conclude that the AR is a sensitive in- 
dicator of the integrity of neuromuscular transmis- 
sion. Unlike most tests of muscle strength it is not in- 
fluenced by subject effort and cooperation. As such, 
it represents a potentially useful tool for monitoring 
muscle weakness in patients such as those with 
myasthenia gravis, especially in milder forms of the 
disease. 
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ASSOCIATED BRAIN ABSCESS 


A. FITZGERALD O'CONNOR, FRCS 


LONDON, ENGLAND 


CLINICAL HISTORY 


The patient, a 43-year-old Caucasian male con- 
struction worker, presented with a _ nine-year 
history of recurrent, bilateral, foul-smelling oto- 
rrhea, and a six-month history of increasing 
deafness in the right ear. Two days before referral 
to the Radcliffe Infirmary, Oxford, he had con- 
sulted his local doctor because of severe central 
headache, malaise, rigors and neck stiffness. On ad- 
mission, c'inical examination revealed marked neck 
stiffness and a positive Kernig sign. Both ears had 
attic perforations from which pus was discharging; 
on culture this grew a mixed flora of Gram-negative 
and Gram-positive bacteria. He was bilaterally 
Rinne negative, the Weber referred to the left ear; a 
pure-tone audiogram revealed a bilateral mixed 
deafness, more marked on the right side. He was 
hyperpyrexial with a temperature of 38.1 C, had a 
hemoglobin of 12.7 gm/dl and a white cell count of 
19,800 cu cm. There was no papilledema. 


DIAGNOSIS AND SURGICAL FINDINGS 


The diagnosis of bilateral cholesteatoma with 
cerebral abscess formation in the right temporal 
lobe was made. Confirmation of the abscess and ac- 
curate positioning of it was made by CAT scan and 
carotid angiography. 


The abscess was drained via a temporal burr hole 
and an irrigation tube left in situ. Five days after 
the primary drainage procedure, the right mastoid 
was explored and a massive cholesteatoma was re- 
moved. It had eroded the heads of the ossicles and 
the stapes superstructure. The tegmen tympani was 
deficient and the matrix of the cholesteatoma was 
adherent to the dura mater covering the temporal 
lobe. A modified radical mastoidectomy was per- 
formed. Four weeks later the left mastoid was ex- 
plored, revealing similar pathology, although the 
cholesteatoma was not adherent to the dura mater. 





RADIOGRAPHS 


Straight anteroposterior radiographs (Fig. 1) in 
the Towne position displayed erosions in the tem- 
poral bones (blacx arrows) and on the right side a 
gas shadow in the right temporal lobe (open arrow). 


Fig. 1 


DISCUSSION 


The diagnosis in this case was made following a 
history, clinical examination and conventional 
radiography. Conventional radiography, utilizing a 
stationary film and target, can produce much useful 


From the Department of Otolaryngology, the Radcliffe Infirmary, Oxford, England. 


REPRINTS — A. Fitzgerald O'Connor, FRCS, Dept. of Otolarvngology, The London Hospital, Whitechapel, London El, England. 
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X-RAY OF THE MONT 33 


information in the radiological examination of the 
temporal bone,' and should be considered the first 
step in any such examination.’ The Towne view is a 
half-axial, anteroposterior projection with the x-ray 
tube tilted 35° craniocaudally. The advantages of 
such a view lie in the simultaneous demonstration of 
both petrous bones and the adjacent middle cranial 
fossae. 
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Chrenic suppurative infections of the middle ear 
cleft, associated with cholesteatoma formation, are 
the mest common etiological factor in the formation 
of temporal lobe abscesses.? The management, after 
accurate diagnosis, is primary drainage of the ab- 
scess, fallowed by wide eradication of the temporal 
bone d.sease.* 
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PATHOLOGY CONSULTATION 
CLEAR CELL TUMORS OF SALIVARY GLANDS 


JOHN G. BATSAKIS, MD 


PORTLAND, MAINE 


The presenee of light-optically clear cells in 
tumors of the salivary tissues has prompted con- 
troversy over their structure and classification of 
tumors containing them. Ultrastructural subclas- 
sification indicates there is a variety of cellular 
forms encompassed by the descriptive term of clear 
cells. The light-optic clear property of the cyto- 
plasm may be the result of minimal cellular dif- 
ferentiation and lack of organelles or be caused by 
storage or accumulation of cytoplasmic contents 
such as glycogen, mucus, lipid and clear secretory 
granules. The cells are most often of the duct system 
(striated and intercalated), less often, the myo- 
epithelial cells, and rarely, the acinous cells. Table 
l, modified frorn Seifert and Donath,' lists the 
various clear cells and their fine structural charac- 
teristics. As may be seen, clear cells may be found in 
a number of definable salivary gland tumors; mu- 
cous clear cells in mucoepidermoid carcinomas, 
sebaceous clear cells in sebaceous lymphadenomas 
or in company with other forms of salivary gland 
tumors, and organelle-poor clear cells in mixed 
tumors, acinous cell carcinomas, and monomorphic 
adenomas among others. 


In tumors composed wholly or nearly so of clear 
cells, our observations are in accordance with Sei- 
fert and Donath’s' in that the cells are either the 
organelle-poor, indifferent duct cells or are myo- 
epithelial in origin. These cells are mucin-negative 
and usually givcogen-containing. Glycogen posi- 
tivity varies not only with the manner with which 
the sample is processed but also with the differen- 
tiation of the duct or myoepithelial cell. 


A special form of clear cell salivary gland 
neoplasm has been identified by Donath et al? and 
has received but little attention in the American 
literature. The remainder of this discussion will re- 
late to that lesion. 


The intercalated ducts of the salivary duct unit 
represent the terminal portion of the duct system. It 
has been established that the reserve cells of the in- 
tercalated ducts are the source of regeneration of 
the acinar tissue and terminal duct system. It is also 
likely that these cells, modified by epigenetic 
events, are the progenitors for a number of salivary 
gland tumors: pleomorphic adenomas, acinous cell 
carcinomas, anc adenoid cystic carcinomas. Since 


the myoepithelial cells are closely apposed to the in- 
tercalated ducts, they too play a histogenetic role. 
This role is nowhere more clearly shown than in the 
tubular carcinoma, also known as the epithelial- 
myoepithelial carcinoma of the intercalated ducts.’ 


These tumors have been reported in the literature 
under a variety of diagnostic terms: glycogen-rich 
clear cell adenoma or carcinoma, clear cell myoepi- 
thelioma and adenomyoepithelioma among oth- 
ers.” The diversity of diagnoses reflects not only an 
uncertainty of cellular composition of the tumors 
but also of their biological behavior. 


The tumors may arise in any salivary tissue, but 
there is a reported preference for the parotid 
glands.* Because of their unfamiliarity to pa- 
thologists, the incidence in unknown. Donath et al,? 
considering the lesions as carcinomas, estimate clear 
cell tumors make up less than 1% of parotid gland 
neoplasms. 


Characteristically the tumors are composed of 
two cellular forms: an inner darker cell layer, cor- 
responding to intercalated duct epithelium, and an 
outer mantle of larger cells which are usually 
glycogen-rich and clear by routine light micro- 
scopic examination (Fig. 1). These clear cells by 
location and by ultrastructural features are myo- 
epithelial. A distinctive interepithelial hyaline-like 
ground substance separates the double-layered 
ducts. The combination of two cell types, the ma- 
trix, and glycogen-positivity, is not duplicated by 
any other defined salivary gland neoplasm; but the 
histological appearance varies from tumor to tumor 
and even within a given tumor. When the myoepi- 
thelial clear cells predominate, the lesion appears as 


TABLE 1. CLEAR CELLS IN SALIVARY TISSUES 
AND TUMORS 


Type of Cell Fine Structural Characteristics 


Intercalated duct reserve cell 
Storage cell (striated duct) 
Myoepithelial cell 





Minimal organelles 
Glycogen granules 


Glycogen granules 
Myofilaments 


Hemidesmosomes 
Clear epidermoid cell Tonofilaments 
Goblet and mucous cells Mucin granules and vacuoles 
Sebaceous cells Lipid 


Clear acinic cells Clear secretory granules 


Reduced organelles 


~~ From the Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland, Maine. 
REPRINTS — Jolin G, Batsakis, MD, Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland, ME 04102. 
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Fig. 1. Clear cell carcinoma of parotid gland. Note the 
inner layer of duct cells surrounded by a mantle of glyco- 
gen-containing myoepithelial cells. The intercellular 
matrix which is acellular, hyaline-like and eosinophilic is 
also characteristic. (H&E, x120) 


sheets of clear cells with rare epithelium and duct 


lumens (Fig, 2). 


Examination with the electron microscope con- 
firms the biphasic cellular composition in the classic 
form. The inner, epithelial cell layer is organelle- 
poor and similar in structure to the intercalated 
duct epithelium. The glycogen-containing outer 
layer of cells manifests the fine structural features 
attributed to myoepithelial cells.?.’ 


Familiarity with the epimyoepithelial ductal le- 
sion will serve to eliminate further diagnostic confu- 
sion and taxonomic problems. If, on the other 
hand, a monomorphic pattern is presented, diagno- 
ses are likely to be varied. 


It is considered by me and by Donath et al? that 
while the histomorphological expression of the 


ƏN 197 








Fig. ©. Clear cell carcinoma of oral cavity. The 
epithelia: component is not evident anc the tumor is ap- 
parently composed of glycogen-rich clear myoepithelial 
cells. (HæE, x90) 


clear-cell tumors may vary, they are congeneric 
with the variability related to the dominance of the 
myoepithelial cells. Furthermore, a local infiltra- 
tive growth pattern, respectable recurrence rate, 
and documented metastases in some reported and 
observed cases warrants that they be considered as 
carcinomas rather than by the noncommittal 
term, turor. 


Finall, light-optic clear cells may be present in 
variable aumbers in acinous cell carcinomas, but I 
doubt whether a clear cell variant of that carci- 
noma ex.sts.* Clear cell areas in an otherwise 
definable acinous cell carcinoma occur because 1) 
the cells contain clear secretory granules as a result 
of disordered protein synthesis; 2) organelle-defi- 
cient intercalated duct cells, the progenitor cells for 
acinous ell carcinoma; or 3) artifact of processing 
the tissue 
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LETTERS TO THE EDITOR 
Dear Editor: 


The article by Vasko et al,' “Superior Vena Caval Replacement 
with Homologous Trachea,” provoked us to replace window 
defects of the cervical esophagus with homologous trachea. Win- 
dow defects, 1 cm x 1 em, were created in the cervical esophagus 
and closed with homograft trachea in ten dogs. In two dogs there 
were stricture formations within ten days. The other dogs were 
sacrificed at regular intervals. The tracheal mucosa and cartilage 
were replaced with fibrous tissue, which formed a scaffold for the 
esophageal tissueto grow from the ends (Fig. 1). This one square 
centimeter graft was completely replaced with esophageal tissue 
in 35 davs. This finding is inconsistent with the experiments done 
by Taffel? and Danie? to close window defects of the trachea with 
fascia lata. In four weeks there was regeneration of inner 
pseudostratified epizhelium, submucosa with glands, few islands 
of cartilage and outer connective tissue. 





Fig. 1. Photomicrograph of a section through the grafted 
segments shows stratified epithelium (top), submucosa with 
mucosal glands, and a degenerating bar of cartilage. 


This experiment is being repeated with full ae nt grafts. If 
proved successful, it could be cela in esophageal reconstructive 
surgery. 
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Isaac D. Daniel, MBBS 
Bertram J. Dare, BVSc 
Solomon Victor, MS, FRCS, FRCP 


RE PRINTS — Isaac D. Daniel. MBBS, 2. Taylors Estate Ist Street, 
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Dear Editor: 


In the publication of our article “Epiglottitis: Evolution in 
Management During the Last Decade,” in the Annals of Otology, 
Rhinology & Laryngology, Nov- Dec 1979, the following ac- 
knowledgment was inadvertently omitted. 


We would like to acknowledge Drs. Sylvan Stool and William 
Potsic for their clinical management of many of the cases reported 
in this article. 


Thank you very much for allowing us to correct this omission, 


Very truly yours, 
Steven D. Handler, MD 
Ralph F. Wetmore, MD 

Children’s Hospital of Philadelphia 

34th St. and Civic Center Blv 

Philadelphia, Pennsylvania 


BOOK REVIEWS 


Management of War Injuries to the Jaws and Related Structures 


Edited by James*F. Kelly. Hard cover, black and white and 
colored illustrations, indexed, 273 pp, 1978. Dental Sciences 
Department, Naval Medical Research Institute, Bureau of 


Medicine and Surgery, Department of the Navy, Washing- 
ton, DC. Price $12.00 


Fundamental concepts in diagnosis and management are 
presented and illustrated with case reports. There is an abun- 
dance of excellent clinical photographs, both in color and black 
and white to enhance and clarify the text. The authors present a 
compendium of material on the evaluation and treatment of 
severe maxillofacial injury from the initial triage to the final 
definitive procedures necessary for the total rehabilitation of the 
patient. The case reports serve to reinforce the importance of an 
organized approach to management of traumatic injuries, and il- 
lustrate the necessity for multidisciplinary cooperation to achieve 
maximum benefit for the patient. 


This volume is well written and organized and would be a 
worthwhile addition to the library of any physician or dentist in- 
terested in, or involved in, the treatment of maxillofacial trauma. 


LAURENCE A. LEVINE, DDS, MD 
St. Louis, MO 


Introducing Practical Phonetics 


By lan R. A. MacKay. Soft cover, black and white illustrations, 
glossary, indexed, 278 pp, 1978. Little, Brown and Com- 
pany, Boston. Price $10.95 


The study of phonetics is essential to those involved in the 
diagnosis and remediation of speech disorder. The human speech 
mechanism is capable of generating a great diversity of speech 
sounds, some of which are understood by others in oral discourse 
and other sounds which are not understood as normal components 
of one’s language. The realm of phonetics includes both aspects. It 
is the duty of the practitioner who specializes in speech remedia- 
tion to recognize deviant speech sounds, to know why they are de- 
viant, and to utilize the most effective physical and behavioral 
methods to treat such deviations. 


The content of this book is aimed primarily at what MacKay 
calls the “practical phonetician,” especially the speech 
pathologist, special education teacher (eg, teachers of deaf in- 
dividuals and children with learning disabilities), and second- 
language teachers. Because of the introductory nature of the 
book, the author does not presuppose a detailed knowledge of 
these areas. 


The book includes 14 chapters which are organized into three 
parts. The first part deals with background material such as 
dialect, speech training, and an interesting coverage of writing 
systems (pictographic, ideographic, etc) as they pertain to the 
relationship between spoken and written elements. The second 
part is entitled “Basic Phonetics” and includes nine chapters deal- 
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ing respectively with the anatomy of speech, the physics of sound, 
the vowels, the consonants, word stress, assimilation, the 
phoneme as a linguistic unit, phonotactics, and stress/timing/in- 
tonation. Part three is designated as an “Introduction to Ad- 
vanced Phonetics” and includes just one chapter dealing with 
phonological analysis of standard and nonstandard speech. Each 
chapter is concluded with questions for discussion and an an- 
notated bibliography. The references cited are reasonably repre- 
sentative of the phonetics and linguistics literature, but are by no 
means comprehensive. A few chapters also include a section 
devoted to practical implications of the material presented. 


MacKay’s coverage of phonetics (the description of speech 
sounds) and phonology (speech sound systems) is fairly traditional 
and is consistent with many other textbooks dealing with this sub- 
ject matter. The author should be commended for his attempt to 
make the study of phonetics interesting and practical by including 
many examples taken from foreign languages, various dialects, 
and speech disorders, in stressing certain points. This is important 
since the beginning student of phonetics often finds the subject 
matter rather dry. In the author’s words, “an effort has been 
made to make this book complete.” He has probably come close to 
this in terms of topical coverage but certainly not in depth of 
coverage. The chapters dealing with speech anatomy and the 
physics of sound are weak and not recommended reading since 
other good sources are available. 


In general, MacKay’s book provides a good overview of the 
field of phonetics and related areas. This is especially appealing to 
the practitioner in allied fields who does not require detailed in- 
formation about the subject. The book may be useful as a supple- 
ment to other available phonetics textbooks. The book should be 
valuable in generating an interest in applied phonetics among 
students. Moreover, the book introduces topics to which the stu- 
dent may not otherwise be exposed in an introductory phonetics 
course. 

Davip P. KUEHN, PhD 
lowa City, IA 


Voice Identification: Theory and Legal Applications 


By Oscar Tosi. Hard cover, color illustrations, indexed, refer- 
enced, 182 pp, 1979. University Park Press, Baltimore. Price 
$19.50 


Oscar Tosi has developed a method for identification of dif- 
ferent speakers through subjective evaluation of spectrograms. 
This book explains Tosi’s views on voice identification and in- 
cludes an ardent defense of his methods. As the majority of speech 
scientists are impressed with existing voice identification methods, 
this book must be considered biased toward the pro-voice- 
identification side of the controversy. 


The organization of this book is awkward in some places. For 
example, euclidean distances have been employed in some voice 
identification decisions. Tosi explains euclidean distances, but the 
explanation is in the chapter on basic acoustics and phonetics. In 
many places the discussion is sidetracked by anecdotes of the 
author's court experiences with voice identification. 


In this reviewer's opinion the advocates of voice identification 
have concentrated on the wrong area. Rather than arguing about 
the legal utility of existing (and admittedly imperfect) methods of 
voice identification, scientists concerned with voice identification 
should strive to improve objective methods based on quantifica- 
tions of acoustic parameters. As Tosi admits, finding and analyz- 
ing the best acoustic parameters for voice identification are 
challenges for the future. 


JOHN W. Fouxins, PhD 


Iowa City, IA 


Diagnostic Handbook of Speech Pathology 


By Barbara B. Hutchinson, Marvin L. Hanson, and Merlin J. 
Mecham, Hard cover, black and white illustrations, refer- 
enced, indexed, 387 pp, 1979. Williams and Wilkins, Balti- 
more. Price $17.95 

This text is apparently intended for use in instruction to 
graduate students in speech-language pathology but will be useful 


for other parposes as well. The material is comprehensive, pro- 
viding corsiderable breadth in topics covered. Categories of 
disorders a: traditional in nature, and specific items are extreme- 
ly easy to [scate. General philosophy of diagnosis appears consis- 
tent with sur present levels of understanding and speech and 
language csorders. 






There am two relatively unique aspects about the book. One is 
a chapter:em oral myofunctional disorders. Obviously the authors 
have consi#erable interest in such disorders. They present a rather 
detailed description of tongue thrust and appropriate diagnostic 
measures. (fortunately, they present in the reference list for that 
chapter ory readings that support their point of view. 


A more sseful feature is the extensive review of a very large 
number of diagnostic tests and instruments in speech-language 


That feature alone is worth the purchase price. 


HuGHLETT L. Morris, PHD 
Iowa City, IA 





Hearing Azsessment: Perspectives in Audiology 


Edited ay William F. Rintelmann. Hard cover, black and 
white illustrations, referenced, indexed, 616 pp, 1979. Uni- 
versit- Park Press, Baltimore. 


This is s«:cmprehensive and up-to-date resource tor all areas of 
diagnostic audiology. The editor has foregone the traditional 
coverage c# the rehabilitative aspects of audiology. in favor of a 
more detailed description of the diagnostic aspects. There are a 
number oftopics not covered in other audiology texts such as the 
chapter “assessment of Hearing in Animals” which would be a 
valuable r-source for anyone considering animal research. 

This bøk is not written as an introduetory text. It should be 
used as a resource for graduate students, practicing audiologists or 
otolaryvngcogists. Although occasionally short ow clinical ap- 
plicability it is probably the most thorough review of diagnostic 
audiolegy available. 

Mary W. LOWDER 
lowa City, IA 


BOOKS RECEIVED 


Causes of Postoperative Death in Children 


Volume 13 in a Series, Progress in Pediatric Surgery. Edited by 
P. P. RieBaam, MD. Index, black and white illustrations, hard 
cover, 30¢ pages. Urban and Schwarzenberg, Baltimore. $34.50, 


Developr-zntal Aspects of Cranio-Facial Dysmorphology 

Volume 15, Number 8, National Foundation, March of Dimes. 
Edited bə» Michael Melnick, DDS, PhD, and Ronald Jorgenson, 
DDS. Index, black and white illustrations, hard cover, 114 pages. 
Alan R. Cass, Inc., New York. 


Alternative Treatments for Cancer 


By Stewarr Lehrer, MD. Index, black and white illustrations, 
hard cove-, 174 pages. Nelson-Hall Publishers, Chicago. $11.95. 


An Intreczaction to Instrumental Phonetics 


By Coin Painter, PhD. Black and white illustrations, soft 
cover, 87 wages, University Park Press, Baltimore. $24.50. 


Advances:in Oto-Rhino-Laryngology 


Volum« 25 in a Series, Frontiers in Vestibular and Oculo- 
Motor Res:arch. Edited by C. R. Pfaltz, Series Editor, Basel, and 
J. Stahle, =ditor vol. 25, Uppsala. Index, black and white illustra- 


tions, hard cover, 222 pages. S. Karger AG, Switzerland. $64.75. 





Elementary Hearing Science 


By Lawrence J. Deutsch, PhD, and Alan M. Richards, PhD. 
Index. back and white illustrations, soft cover, 179 pages. 
Universit- Park Press, Baltimore. $12.95. 
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but occasional interfe-ence with hematopoiesis has been reported as well 
as an increased incidence of thrombopenia with purpura in elderly patients 
on certain diuretics, p imarily thiazides. 


Sore throat, fever, paller, ourpura or jaundice may be early signs of serious 
blood disorders Frequent CBCs are recommended; therapy should be 
discontinued if a sigmficant reduction in the count of any formed blood 
element is noted. 


PRECAUTIONS: Use with caution in patients with impaired renal or hepatic 
function, possib e folae deficiency, severe allergy or bronchial asthma. In 
glucose-6-phosphate dehydrogenase-deficient individuals, hemolysis may 
occur (frequently dos=-related). During therapy, maintain adequate fluid 
intake and perform frequent urinalyses with careful microscopic examina- 
tion and renal functicn tests, particularly where there is impaired renal 
function. 


Since Septra may proicng prothrombin time in patients on warfarin, 
coagulation time shoud be reassessed when Septra is given. 


ADVERSE REACTIONS: All major reactions to sulfonamides and trimetho- 
prim are included, even if not reported with Septra. Blood Dyscrasias: 
Agranulocytosis, aplastic anemia, megaloblastic anemia, thrombopenia, 
leukopenia, hemolytic anemia, purpura, hypoprothrombinemia and methe- 
moglobinemia. Allergic.Reactions: Erythema multiforme, Stevens-Johnson 
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syndrome, generalized skin eruptions, epidermal necrolysis, urticaria, 
serum sickness, pruritus, exfoliative dermatitis, anaphylactoid reactions, 
periorbital edema, conjunctival and scleral injection, photosensitization, 
arthralgia and allergic myocarditis. Gastrointestinal Reactions: Glossitis, 
stomatitis, nausea, emesis, abdominal pains, hepatitis, diarrhea and pan- 
creatitis. C.N.S. Reactions: Headache, peripheral neuritis, mental depres- 
sion, convulsions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, 
fatigue, muscle weakness and nervousness. Miscellaneous Reactions: 
Drug fever, chills, and toxic nephrosis with oliguria and anuria. Periarteritis 
nodosa and L. E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics (aceta- 
zolamide and the thiazides) and oral hypoglycemic agents, sulfonamides 
have caused rare instances of goiter production, diuresis and hypogly- 
cemia; cross-sensitivity may exist with these agents. In rats, long-term 
administration of sulfonamides has produced thyroid malignancies. 


DOSAGE AND ADMINISTRATION: Not recommended for use in infants 
less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOS/S IN ADULTS AND 
CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infections is 
two tablets or four teaspoonfuls (20 ml) every 12 hours for 10 to 14 days. An 
identical daily dosage is used for 5 days in the treatment of shigellosis. 


Children: The recommended dose for children with urinary tract infections 
or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg sulfamethox- 
azole per 24 hours, given in two divided doses every 12 hours for 10 days. An 
identical daily dosage is used for 5 days in the treatment of shigellosis. The 
following table is a guideline for the attainment of this dosage using Septra 
Tablets or Suspension. 


Children: Two months of age or older: 


Dose —every 12 hours 


Tablets 


1( SMi 
shoe 1 


3 (15 ml 1% 
2 (or 1 DS tablet) 
For patients with renal impairment: 


4 (20 mi 
Creatinine Clearance Recommended 
(ml/min) Dosage Regimen 
Half of the usual 
15-30 dosage regimen 
Below 15 Use Not Recommended 


PNEUMOCYSTIS CARINII PNEUMONITIS: 

The recommended dosage for patients with documented Pneumocystis 
carinii pneumonitis is 20 mg/kg trimethoprim and 100 mg/kg sulfamethox- 
azole per 24 hours given in equally divided doses every 6 hours for 14 days. 
The following table is a guideline for the attainment of this dosage in 
children. 


Teaspoonfuls 


Vo 







Dose —every 6 hours 
Teaspoonfuls Tablets 
V2 


3 
4 


15ml 
20 ml 


1% 
2 (or 1 DS tablet) 


1( S5Smi 
sions 1 





HOW SUPPLIED: TABLETS, containing 80 mg trimethoprim and 400 mg 
sulfamethoxazole—bottles of 40, 100, 500 and 1000 tablets; unit dose pack 
of 100. 


ORAL SUSPENSION, containing the equivalent of 40 mg trimethoprim and 
200 mg sulfamethoxazole in each teaspoonful (5 ml), cherry flavored—bot- 
tle of 450 ml. Also available in double strength, oval-shaped, pink, scored 
tablets containing 160 mg trimethoprim and 800 mg sulfameth- 
oxazole—Compliance™ Pak of 20, bottle of 60 and unit dose pack of 100. 
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Cat. No. 12180 
Sheath — 





Cat No. 1218A 
Telescope = 





For children and adults. | 
Ideal for Outpatient or Office Procedures, 2 
Single View of Entire Eardrum or Ear Canal. 


[55RiNS) Rod Lens Telescope with k 
‘Enlarged View, Wide Viewing Angle, Infinite 
Depth of Field, Greater Fiber Optic Light _ 
Transmission, Brighter Image, Better 
‘Resolution and Contrast and Natural Color 
Reproduction. 


= Documentation Capabilities- Stil, Cinec or TV. 









A Tradition of Leadership in Craftsmanship a hd Design - 










Karl Storz Endoscopy-Ameriea, Inc. ] he 
-658 South San Vicente Bivd., Los Angeles, Ca. 90048 





FOR TOLL FREE SERVICE m 800-421-0837 | ! 
Js a in California CALL (213) 651-1068 © 









et. : Address 


end me further information, [7] Please have a 
Orz ‘Representative phone me for an appointment. 
s Karl Storz Display, Booth No. 35, * Thank you. 
Combined Otolorynaoloay Spring | 










Telephone - ; : na l 
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KX Closes perforations up to 25mm 


@ Inserted as an office procedure- 
@ Reduces crusting and epistaxsis- -© One piece silicone construction 


ie A Oe E hao i for easy insertion — 
sco, | nimme j tosize 


Ref: Kern, E. D., Facer, G. W., McDonald, T, J. and Westwood, W. D., “Closure of Nasal Septal Perforati with a Silastic Button: Results in 45 Patients, "OEL eL C Dien, haly 1977. 
Facer, G. W. ond Kern, E. D. “Nonsurgical Gosure of Nasal Septal Perforations,” Archives of Otelarmngoiogy, January 1979. 


Manufactured by Gauthier Industries, inc., 
Rochester, Minnesota, 
and disnibuted exdusively by Storz. 


“Consistent Craftsmanship Since: 1893” 


INSTRUMENT COMPARY 
3365 Tree Court industrial Bivd., St. Louis, MO 63122 e Call toll free 306-028-9500. in Missouri, call collect (314) 235-5051 
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TM 


ELECTRIC and 
AIR SURGICAL 
SYSTEM 


e A versatile electric or 
air powered system 

The POWER II Surgical 
System offers the surgeon a 
complete range of micro- 
surgery instrumentation for 
ENT, hand surgery, and plas- 
tic work, with the choice of 
utilizing either electric 

power or air power. 


e Color-coded for quick 
R.P.M. identification 

The POWER II handpieces 
are color-coded for quick 
R.P.M. identification. A cor- 
responding color-coded dial 
on the console allows the 
surgeon to quickly select the 
proper R.P.M. setting for 
the handpiece. 


e Wide range of 
instrumentation 

A wide selection of power 
handpieces, burrs, and blades 
can be ordered for this versa- 
tile system, and a quick- 
locking coupler device allows 
easy changing of power hand- 
pieces. 


For additional information on 
the POWER II Surgical System, 
write or call: Richards 
Manufacturing Co., Inc., 

1450 Brooks Rd., Memphis, 
TN 38116. Toll free phone 
number: 800-238-7538 (in 
TN 800-582-6282). 


use two Separate surgical power systems 


when one will do? 


YOUR MICROSURGERY COMPANY R | 
Richards Manufacturing Co., Inc 


Memphis, Tennessee 38116, U.S.A. 


TELDRIN 


(chlorpheniramine maleate) Spansule® Capsul-s 8 mg. and 12 mg. 


12-hour relief froma worldof allergens. 


It's a tough world out there for allergic patients. sary, ane eldrin’s single-ingredient composition 
Teldrin can help. Teldrin contains the most means sce effects are kept to a minimum. 


frequently recommended antihistamine— So all day, all night, guard against atough — 
chlorpheniramine maleate—in a 12-hour timed- world. 12-nour Teldrin, b.i.d. Ask your Smith Kline 


release formulation. No prescription is neces- & Frenc  ~epresentative for samples. 


©Menieg & James Laboratories 1980 
By Professional Products Division 
a Srmmmane company Phila., PA 19101 
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NOISE ELIMINATION 
IN EVOKED POTENTIAL 
SYSTEMS 














Evoked potertial instruments generate very potential instruments. Artifacts created by the 
high-voltage, high-frequency signals (e.g., digital instrument's digital system (Fig. 2) cause problems 
pulses, CRT deflection signals, stimulus pulses) in because the digital system generates many very 
close proximity to the very low-voltage signal from high-frequency transients (particularly at sweep 
the patient. Theretore, designing a “noise-free” onset) which are time-locked to the average. In 
evoked potential instrument presents a challenge to auditory evoked potential recording, earspeaker 
the engineer. artifacts also create problems (Fig. 3),because the 

Figs. 2 and 3 illustrate two particularly trouble- earspeaker is an excellent electromagnetic radiator 
some types of noize interference in evoked located close to the patient electrodes. 


DIGITAL SYSTEM EARS PEAKER 





10 MSEC 10 MSEC STIM. 10 MSEC 
Figure 1. Auditory brainstem: response (ABR) Figure 2. Some as Figure 1, except a ground-loop Figure 3. Same as Figure |, except the earspeoker 
recorded from vertex {ipsilateral earlobe reference. was Cregted in the cigital-system shield ground {o shield ground lead was routed to comman ground 
tach trace is a separate average of 1.000 rESPONses, defect commanly encountered in evoked potential through instrument chosss rather than directly. Click 
Upward deflection represents sartex positivity, The 80 systems). The ABR os now superimposed on a large artifact radiated from esarspeaker cppears as a neganve 
GB HL click stimulus was deliveree by an electrostati- artifact which appears as a sharp negative deflection at spike at stimulus onset, The trailing edge of this spike 
cally - electromagnetically shielked headset. The click the beginning of the average followed by o slow return arstoris the first ABR wave. 
was delayed two milliseconds rom the average onset, fo baseline. Aiso, very high frequency digital-system 


noise oppede on the trace as “hash”. 


To minimize noise interference in the Life-Tech 
8000 series evoked potential instruments, we 
incorporated extensive internal electrostatic and 
electromagnetic shielding and decoupled all 
internal power supolies to prevent them from 
becoming noise-conducting pathways. We also 
carefully pre-plannac the chassis layout to 
maximally separate high- and low-voltage sources 
and to make all ground paths as short as possible. 
We also designed fe shield ground circuits to 
separate the ground paths for the digital and the 
low-level analog subsystems. Also, we installed 
pulse-smoothing fesrite beads at critical points on 
the digital-system crcuit boards, 

We take considesable pride in the high quality of 
our 8000 series evoxed potential instruments. We 
think they are unsurpassed in their ability to deliver 


noise-free recordings, not only under ideal laboratory ° 
conditions but also in such demanding Life-Tech 
environments as the out-patient clinic and the 


intensive care unit. Instruments, Inc. 


BOX 36221- HOUSTON. TEXAS 77036 - (713) 783-6490 





HARVARD MEDICAL :-<CHOOL 
DEPARTMENT OF CONTINUING EDUCATION 
Announces a Course in 
SURGERY OF THE PARANASAL SINUSES 
June 18-20, 1980 


Massachusetts Eye And Ear I: firmary 









Chairman: William W. Montgomery, M.D. 





Course is designed for both the resident and practicing head and neck surgeon, and will provide an intensive review 
of current concepts and techniques of surgery of the paranasal sinuses. 


Teaching will be by means of lectures, demonstration of surgical teciaa.que, seminars and clinical conferences, Open 
discussion from those attending will be encouraged throughout theaccurse. 
This course has Category I accreditation for approximately 16 1/2 raars toward the AMA Physicians’ Recognition 
Award. 
The Faculty will include the c owing: 
Richard Babin, M.D. 
John A. Kirchner, M. 
William W. Montgomery. #.D. 
Staff of the Massachusetts Eye and Ear Infirmary, the Wssachusetts General Hospital and 
Harvard Medical Schee! 


Further information and application forms rasw be acquired from the 
Dept. of Continuing Educacion 
Harvard Medical Scheed 
25 Shattuck Street 
Boston, MA 02115 a 


Seeking 
BOARD ELIGIBLE 
CERTIFIED 
OTOLARYNGOLOGIST 
at 
Martinez Veterans Administration 
Medical Center 
Located 30 miles from 
San Francisco, California 


OTOLARYNGOLOGY 
ASSISTANT 
AND/OR 


ASSOCIATE PROFESSOR 
AND 


RESEARCH DIRECTOR 


Department of Otolaryngology and 
Maxillofacial Surgery 
University of Iowa 


Invelwes research, teaching and may have patient 
contact. Requires vestibular research interests, 
Ph. in mechanical engineering with biosystems 
qv? asis, teaching experience, and familiarity with 
t peripheral and central mechanisms of the 
vest bular system. 


Cermact: B. F. McCabe, MD, Dept. of 


Responsibilities include both inpatient (9 beds 
assigned) and outpatient care as well as medical stu- 
dent education. Well-equipped, recently remod- 
elled outpatient clinic, private office and para- 
professional assistance provided in an academic en- 
vironment. 


Reply to: Chief of Surgery, V.A. Medical Center, 
150 Muir Road, Martinez, CA 94553 





The position will remain open until filled. Tax University of Iowa is an Equal Opportunity/ 
GE Affirmati ion E: ‘a2: 
An Equal Opportunity Employer irmative Action Employer A23 
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San Francisco 
May 29-31, 1980 


OTO 80 is thoughtfully designed to present the most recent advances in otologic surgery, neurotology, 
and laser microsurgical techniques. The unique and highly acclaimed format integrates basic science 
with prac ical surgical and medical therapy utilizing a comprehensive syllabus, an electronic audience 
response system, and brief illustrated surgical and laser technique tricks. 


. 
CA 


FACULTY: Rodney Perkins, MD 


Program Chairman 
Kedar Adour, MD 
Burt Brent, MD 
Ugo Fisch, MD 
Malcolm Graham, MD 


FEE: Physician $485 
Resident in Training $285 


CME: 24 Hours Category 1 


COURSE 


SURGICAL ANATOMY AND 
TECHNIQUES OF THE 
TEMPORAL BONE 


DALLAS FOUNDATION 
OF OTOLOGY 


1980 Dates 
January 27 - February 2 
May 4-10 
September 7-13 
FEE: $550 - Practicing Physicians 
$450 - Residents 


Non-refundable after ten days prior to course 
dates. Depos ts acceptable on these amounts 
of $100 and $50 respectively. 


Contact: Fred D. Owens, MD, Dallas Foun- 
dation of Otology, Barnett Tower, Suite 1105, 
Dallas, TX 75246. (214) 742-2194. 





Frederick T. Guilford, MD 
Jack Hough, MD 

William House, MD 

C aus Jansen, MD 

Merle Lawrence, MD 


FOR REGISTRATION 
INFORMATION AND 
BROCHURE CONTACT: 
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Fred Linthicum, MD 
Edward Luck 

Jack Pulec, MD 
Gordon Smyth, MD 
Roger Wehrs, MD 


c/o Project HEAR 
1801 Page Mill Road 


Palo Alto, CA 94304 
(415) 494-2000 





RESEARCH 
MICROBIOLOGIST 


Department of Otolaryngology 
and 
Maxillofacial Surgery 
University of Iowa 


Involves research and may involve teaching 
and patient contact. Requires Ph.D. in 
microbiology with emphasis in tumor im- 
munology. 


Salary commensurate with experience. 


Contact: B. F. McCabe, MD, Dept. of Oto- 
laryngology and Maxillofacial Surgery, University 
of Iowa, Iowa City, IA 52242 


The University of Iowa is an Equal Opportunity/ 
Affirmative Action Employer 
A26 








FIFTY-THIRD ANNUS 
NEW YORK EYE AND EAR IRF 
CLINICAL CONFERE 
OTOLARYNGOLOGY 580 


May 8-10, 19& 








St. Moritz Hotel, New Yer. NY 


Craniofacial Pain Syndrome — MARTIN F 





= ANKEL, DMD, MDS 


Conservation Surgery for Glottic Carcinome — HARVEY TUCKER, MD 
Deaf-Blindness -- The HELEN KELLER * ATIONAL CENTER 
(Combined Otolaryngelogy and Opiathe: 
Louis J. Bettica, ACSW; Anthony Durante, MD. Li 
David Karan, MD; Melissa Malis, MA; Deana Morton, MS, CCC-Sp; 
Mark Preiser, BA: Robert J. Smif cdas, LLD 
Tracheostomy Versus Cric otk -otomy 
Stanley Blaugrund, MD; Anthony Tortolani, MD; Harvey Tucker, MD; Ernest A. Weymuller, Jz., MD 


Considerations and Techniques of Otoplasty — BR. HARD C. WEBSTER, MD 


+ 





Dr. George K. Higgins Memora Lecture 
May 10, 1980 
Rhinomanometry — CHARLES 7 “CKER, MD 


AMA-CME Credits, Categex 1: 
Clinical Conference, 16: Higgins Memseal Lecture: 3. 
Conference Fee: $200 (Luncheons and Cocktail Reception included). Pesdents: $100 (Luncheons and Cocktail Reception 


Higgins Memorial Lecture: Io fee. 
For additional information please write: Jane Stark, Conference Registres, New York Eye and Ear Infirmary, 310 East Four- 


teenth Street, New York, NY 10003 


LOOKING 
FOR A 
SATISFYING 
ALTERNATIVE 
TO THE 
BIG CITY? 


Modern 200 bed community hospital 
located in central Ohio offers pleasant 
family life style and progressive 
medical practice. Fresh air aa gentle 
hills along with active cultural, recrea- 
tional and educational opportunities. 


Contact: Medical Staff Office, Galion 
Community Hospital, Portland Way 
South, Galion, Ohio 44833, (419) 
468-484] 
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OTOLARYNGOLOGIST 
NEEDED 


Private practice in busy medical 
building in 


DELRAY BEACH, FLORIDA 


aiding occupied by large referral 
grep of internists, general surgeons 
= specialists. 


Coals Drs. Bebout, Wachtel cr Pace or 


Mes. Hanshumaker at (305) 278-3323 








SEARCH INSTITUTE 
in cooperation with 
University of Southern California 
announces two-week 
Temporal Bone Surgical Dissection 
Course 


Will demonstrate the multiple approaches to the structures 
of the temporal bene as currently used by members of the 
Otologic Medies! Group, Inc. 


Each day the ceurse members spend four hours in dissec- 
tion laboratory and four hours observing live color telecasts 
of surgery whieh correlates with the dissection of the day. 
Evenings are devoted to lectures illustrated by slides and 
motion picture demonstrations. Video tapes in color from 
the Institute’s C&o.ogic Seminar Library are available for 
study by course:participants. 


Twenty-four bcard certified or board eligible 
otolaryngologist: and residents will be accepted in each 
course, Ccurses will be presented in March, April, June 
and October anaually. 


Advance registrations for courses in 1980 and 1981 are now 
being accepted. Tuition fee for otolaryngologists is $1,200 
and for resident: $900 in United States currency. Applica- 
tions of residents must be accompanied by a letter from 
their Chief of Service. 


For further information: Antonio De La Cruz, MD, Direc- 
tor, Temporal Bone Surgical Dissection Course. Ear 
Research Institu-e, 256 South Lake St., Los Angeles, CA 
90057. A30 


ENT 
FELLOWSHIP 


Position to start July 1, 1980 to candidate 
who has completed residency training. 


690 Bed General Hospital 
Active Internships and Residencies 


To help in teaching program for Lenox 
Hill Hospital residents and residents on 
rotation from other major ENT training 
programs, as well as in work of active 
ENT service. 


Please contact: Dr. Ernest A. Weymuller, 
Acting Director of Otolaryngology, Lenox 
Hill Hospitel, 100 East 77th Street, New 
York, NY 1€021. 
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Continuing Medical Education 


ANATOMY AND 
HISTOPATHOLOGY 
OF THE 
HEAD AND NECK AND 
TEMPORAL BONE 


Indiana University School of Medicine 
July 14-25, 1980 


An in-depth review of embryology and basic and 
surgical anatomy will be presented in lectures and 
laboratories with appropriate clinical correlations. 
Histopathology lectures are followed by microscopic 
laboratory study of pathology from selected cases, 
Each participant will perform temporal bone dissec- 
tion using the operating microscope. Present day 
clinical applications of basic anatomy and embry- 
ology wilt Be stressed. 


The 65th annual course for the practicing otolaryn- 
gologist is an excellent review for board examina- 
tions and will be of interest to residents in training. 


Limited Enrollment. Fee: $850 


For further information: Division of Continuing 
Medical Education, Indiana University School of 
Medicine, 1100 West Michigan, Indianapolis, IN 
46223, (317) 264-8353 
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OTOLARYNGOLOGIST 


Second otolaryngologist needed for 
large multi-specialty group. 


Referral center for 
teresting practice. 
munity; medical 
available. 


varied, in- 
University com- 
school affiliation 


Competitive salary with full fringe 
benefits. 


Please write and include CV to: Kenneth S. 
Weiss, M.D., Dept. of Otolaryngology, Carle 
Clinic Association, 602 W. University Avenue, 
Urbana, Illinois 61801 





IOWA HEAD AND NECK CANCER 
AND RECONSTRUCTIVE COURSE 
1980 


June 7-11 
I. CURRENT CONCEPTS IN HEAD AND NECK ONCOLOGIC SURGERY. 


Five day course designed to Hae a basic understanding and ratiora.ein the current treatment of head and neck cancer. Lec- 
tures and cadaver dissections will cover the neck, sinuses, salivary glands awd upper aerodigestive system. 


June 12-16 
Il. ADVANCED TECHNIQUES IN HEAD AND NECK RECONSTRUCTIVE SURGERY. 


Two day course to present surgical methods of cutaneous, myocutereous and composite flap reconstruction of the upper 
aerodigestive system and mandible. Neolaryngeal reconstruction will alse þe covered. Anatomical dissections will be completed by 
each participant. 












Special Guest Faculty: James Ryan Chandler MD, Professor and Chairman 
Department of Otolaryngology, Lwiversity of Miami 


Enrollment Limited 


Fees: Course I: 3500 
Course II: $600 
Course I & T- $800 
Residents with letter from head of departraewt will get a 50% reduction. 


Contact: William R. Panje, MD, Director, Division cf dead and Neck Surgery, Department of 
Otolaryngology and Maxillofacial Surgery, University oœ lowa, Iowa City, IA 52242. Tel: (319) 
356-2166 
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PRACTICE DEMONSTRATIONS COURSE IN RHINOPLASTIC 
IN SURGERY 


RHINOPLASTIC SURGERY SOUTH AFRICAN SOCIETY OF 
by Dr. Guy Jost, Professor OTOLARYNGOLOGY 


at the 
Medical School of the Paris Hospitals October 13-17, 1980 


May 9-10, 1980 Cape Town 


Rouen, France Ease aspects of the surgical anatomy, physiology 


diagnosis and assessment and postoperative care will 

Programing Information be covered, but prior exposure to this field of 

Ten practice demonstrations in rhinoplastic surgery in SOEGETY will be an advantage. All aspects of septal 
three morning or afternoon sessions. sumgery, tip problems and augmentation techniques 
Symposium on the theory of rhinoplastic surgery, with wil be discussed in depth. 


description and discussions of each case. Guest Speakers: Leslie M. Bernstein, M.D 
w f j we e á . a 4 * ’ 


Color television relay (transmission from surgical M. Eugene Tardy, M.D. 


microscope). . ‘ 
l pe) Assisted by selected members of the South African 
Admittance in small groups to operating theater. CRL Society. 


Friday evening, grand closing dinner in the renowned Exting sight-seeing program of this incomparable 
cellars of the Ancient Order of Winetasters of Upper Nor- fecal KEACA ahere two oceans incel Has hecna 
mandy (a gastronomic and oenological celebration). Foa ; f . 

Jas ae : ranved with a tour of the wine producing area as 
Meals and catering on the spot. wel as a full social program. 


sanguages sy ish and French : ae 
Pabenaecs sparen: ne shape Fiche Enrollment strictly limited. Fee: $300 US 
Enrollment fees including meals and dinner-party: 1.300 


French Franes. Number of participants limited. For further information contact: Erich Kuschke, 
Please apply to: Prof. Guy Jost, President, French Section CH M., Course Secretary, Olivetti Building, 
Joseph Society, pio L. Caen MD, Secretary GRECS, Blamckenberg Street, Bellville 7530, South Africa, 
G.R.E.C.S., 34, rue Valmont de Bomare, 76100 Rouen, Teephone: 97-2812 Area Code 021 A25 
France. A24 
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SECOND INTERNATIONAL CONFERENCE 
CHOLESTEATOMA AND MASTOID SURGERY 
Tel-Aviv, Israel 
March 22-27, 1981 
Under the auspices of 
Tel-Aviv University and Weizmann Institute of Science 


Chairman: J. SADE, MD, Israel 
Co-Chairmen: B. F. McCABE, MD, USA; T. PALVA, MD, Finland: M. PAPARELLA, MD, USA 


FACULTY 
R. Gristwood, MD 
L. Harker, MD 
J. Holmquist, MD 
C. Jansen, MD 
D. Lim, MD 
J. Marquet, MD 
B. F. McCabe, MD 
. Nager, MD 
. Palva, MD 
. Paparella, MD 
. Pfaltz, MD 


M. Abramson, MD 
L. Andréassen, MD 
D. Austin, MD 

C. Bluestone, MD 
G. Bremond. MD 
W. Brinkman, MD 
R. Buckingham, MD 
J. Crabtree, MD 
H, Diamant. MD 
M. Diamant. MD 
U. Fisch, MD 


R. Ruben, MD 

M. Rubinstein, MD 
L. Sacks, PhD 

J. Sadé, MD 

J. Sheehy, MD 

G. Smyth, MD 

E. Steinbach, MD 
J. Sterkers, MD 

J. Thomsen, MD 
M. Tos, MD 

N. Yanagihara, MD 


JOSA 


I. Friedmana, MD 
E. Gareia-[banez, MD 


. Plester, MD 
M. Portmann, MD 


R. Yuasa, MD 
G. Zechner 


Registration Fees: Residents - $260 
Fellows - $130 


For further cetails please apply: Professor J. Sadé, Second International Conference on Cholesteatoma 


and Mastoid surgery, P. O. 16271, Tel-Aviv, Israel. Telex: 341171 (Kenes) Tel-Aviv. 


SYMPOSIUM 


In honor of 


D-. Juergen Tonndorf 


Sponsored by 


Columbia University 
Department of Otolaryngology 


May 19, 1980 


Registration Fee: $50, includes lunch and reception. 
$25, Students and Fellows 


Participants: rs. P. Dallos, Evanston; H. Davis. 
St. Louis; W. douse, Los Angeles; S. Khanna, New 
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The range of simple electrical stimuli that may be used for prosthetic stirailation via scala tympani implants was explored using 


psychophysical procedures in macaque monkeys. Biophysical considerations. pk 


ced further limitations on the operating range The 





operating range was dependent on stimulus waveform, electrode configuration. and the condition of the implanted cochlea and eighth 


nerve. 


KEY WORDS. Cochlear prosthesis, auditory nerve, psychophysics. 


INTRODUCTION 


Design of a stimulus transduction scheme for 
cochlear implants may be approached in a variety 
of ways. One approach is to attempt to mimic as 
closely as possible the normal function of the 
auditory system, reproducing impulses in eighth 
nerve fibers that are similar in some respects to 
those generated in a healthy auditory system. A sec- 
ond approach, which more closely reflects our own, 
is to determine the limits of information that can be 
transmitted via prosthetic electrical stimulation and 
then, operating within these boundaries, to find 
ways of transmitting information that will be of use 
to patients. Our first step toward this goal was to 
define the operating range for a variety of electrical 
stimuli and to examine variables that influence this 
operating range. By operating range we mean the 
range of currents limited at the lower extreme by 
the psychophysical detection threshold and at the 
upper extreme by a measure of maximum desired 
loudness and/or maximum safe stimulation level. 


A variety of approaches has been taken to 
stimulate the acoustic nerve electrically." ° Con- 
siderable variability in performance is frequently 
found from implant to implant and from electrode 
to electrode within a multielectrode array. By ex- 
ploring the operating ranges of cochlear implants 
under controlled laboratory conditions, we can 
shed some light on factors influencing the operating 
ranges for electrical stimulation and on the ex- 
pected ranges of operating currents for various elec- 
trode placements and physiolgical conditions. 


METHODS 


Subjects and Implants. The subjects are macaque monkeys. 
Multielectrode prostheses consisting of platinum-iridium elec- 
trodes imbedded in a Silastic® rubber carrier are inserted into 
the scala tympani via the round window. These electrodes rest in 
the first 6-12 mm of the basal turn of the cochlea. Details of elec- 
trode construction and implant surgery are described elsewhere. 


a oe eee 


PROCE CURES 


Psycteehusical. Thresholds and dynamice ranges for electrical 
stimu.atiom are measured psychophysically using a reaction-time 
procedas. '°'? The monkeys are trained to release a telegraph key 
at the oset of an acoustic or electrical stimulus which occurs 
followins:.a randomly variable forepericd. The stimulus reraains 
on unt te monkey releases the key but has a maximum duration 
of one sesend. Positive reinforcement is celivered for rapid release 
at stigmas onset. Guessing (releasing in the absence of the 
stimuais: :s held within criterion limits by use of a mild punish- 
ment “time out” from reinforcement) contingent upon 
premat releases. For threshold determination. the number of 
“correct” responses (reaction time = 1000 msec) and the number 
of “mise” (reaction time > 1000 msec) are measured for each 
stimuas intensity. Threshold is defined as the intensity at which 
the percert “correct” equals 50% .'? At suprathreshold intensities, 
reaction &me decreases as a function of stimulus loudness." 
The raccian reaction time to a white noise acoustic stimulus of 
100 dB-SEL is measured for each monkey, and this reaction time 
is used ‘te define the upper limit of the dynamic range for elec- 
trical stimulation. ® These animal-psechophysical procedures 
have wer carefully examined in human subjects and have been 
shown te be comparable to other psychoacoustic and clinical 
assessmizre procedures in both normal and pathological cases.'!\? 


Bioparsical, Calculation of maximum safe stimulating current 
is basec «a data from Brummer and Turner's which indicate that 
at charge densities greater than 300uzcoul/cm? gas bubbles may 
form ən tae electrode surface and cause damage to tissues in the 
vicinity. of the implant. Our estimate of this limit is based oa the 
geometric surface area of our electrodes. Preliminary in vitro 
measurements of the “real” surface area using Brummer and 
Turners electrochemical procedure’® indicate that this estimate 
may be tzo conservative. 


Hisicleeical, After behavioral and other chronic testing pro- 
cedures r2 completed, the monkeys are deeply anesthetized with 
Nembirtal® and perfused with saline followed by phosphate buf- 
fered ‘ermalin. The temporal bones are removed and are either 
examined by surface preparation techniques or are decalcified, 
sectioned, and stained with hematoxylin and eosin, Holmes’s 
stain, Lazol® fast blue, or cresyl. 





RESULTS 


Sixteen implants have been tested in behaviorally 
trained monkeys. While most of our observations 
are qua. itatively similar, there is significant quan- 
titatiwe variation from implant to implant. We will 





by presenting data from one representative 
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Fig. 1. Betection thresholds for sinusoidal stimulation (@) and for various inca rates (pulses per second; pps) of 
rectangular-pulse stimulation (©) plotted as a function of the period of the sinusoidal wave form or the duration of the rec- 
tangular pulse. Thresholds for sinusoidal stimulation are plotted in dB relative to (re) 1000 „amp rms; thresholds for pulsed 


stimulation are in dB re 1000 pamp peak. Thus, at any Nap attenuation, if pulse duration and sinusoidal period are the 


same, the rms currents delivered per phase are equal, an 
than for the pulsed. 


implant so tha: detailed examination of the effects 
of various stimulation parameters can be made 
without the complications of interimplant variabili- 
ty. Factors cortr.buting to interimplant variability 
will then be discussed. 


The implant (Fig. 1, upper left) contained four 
electrodes. A fifth electrode was a stainless steel 
wire anchored tc a screw in the mastoid cortex on 
the same side as the implant. The cochlea was 
poisoned by repeated injections of a concentrated 
neomycin soluticn into the round window before 
the implant was inserted. 


Behavioral thresholds for this implant were quite 
stable. Stability was tested by measuring the thresh- 
old for a 1 kHz sinusoidal stimulus delivered to the 
most widely spaced pair of electrodes; thresholds 
measured approximately weekly over a period of 
two years varied over a total range of only 4 dB. 


Continuous vs Pulsed Stimulation. Both con- 
tinuous sinusoidal and rectangular pulsed stimuli 
have been used for stimulation via the cochlear 
prosthesis. Each waveform has certain advantages 
from both experimental and practical-therapeutic 
points of view. Many of the characteristics of one 
type of stimulation can be generalized to the other. 
For example, thresholds for sinusoidal and rec- 
tangular pulsed stimuli are given in Figure 1. For 
sinusoidal stimulation, thresholds are constant at 
frequencies becow 125 Hz and rise as a function of 
frequency above 125 Hz. A comparable relation ex- 


the charges per phase are 0.9 dB lower for the sinusoidal stimulus 


ists between threshold and pulse duration. For con- 
tinuous stimuli the waveform has little or no effect 
on threshold: thresholds in rms current for sinus- 
oidal stimuli are nearly equal to those for stimuli 
with rectangular waveforms of equal period. In 
seven cases tested, the difference between thresh- 
olds for the sinusoidal and rectangular stimuli 
averaged only 0.5 dB (with the sinusoidal being 
lower). 


As pulse repetition rate decreases, threshold in- 
creases, but the relation between pulse duration 
and threshold remains constant (Fig. 1). It is likely 
that most stimulus transduction schemes for the 
cochlear prosthesis will either use a continuous 
analog waveform or fairly high repetition rates of 
pulsed stimulation. Thus it appears that informa- 
tion gained from tests with sinusoidal stimulation is 
generally applicable to a variety of schemes in- 
cluding those using pulsed rectangular stimulation. 


Operating Range. Figure 2 shows the threshold, 
the upper limit of the dynamic range, and the theo- 
retical nongassing limits for sinusoidal stimulation 
delivered to the most widely spaced pair of scala 
tympani electrodes. The dynamic range is largest at 
low frequencies and decreases as a function of fre- 
quency. The theoretical nongassing limits increase 
as an inverse function of stimulus period. These 
contours define the operating range for this pair of 
electrodes using sinusoidal stimulation. At frequen- 
cies above 40 Hz, the operating range is defined by 
the psychophysical contours, while below 40 Hz the 
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Fig. 2. Operating range for the widely spaced pair of electrodes in the prosthesis depicted in the upper left hand corner. 
The bottom solid curve gives the threshold contour and the upper solic curve gives the upper limit of the dynamic range, 
which for this animal was defined as currents for which the median reactior time was 250 msec. Data points are means from 
three separate days of testing (20 trials/stimulus/day). Brackets indicate ‘he mange of values obtained over the three days. The 
theoretical nongassing limits are based on the work of Brummer and Turmer * The operating range for this pair of electrodes 
is defined as the area between the threshold contour and either the theere:ical nongassing limits or the upper limit of the 


dynamic range, whichever is lower. 


upper limit of the range is restricted by safety con- 
siderations. 


For more closely spaced pairs of electrodes within 
the scala tympani, the thresholds for electrical 
stimulation are increased and the dynamic range is 
slightly reduced (Fig. 3). The operating range at the 
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Fig. 3. Comparison of the operating ranges for a widely spaced pair cf eleztrodes (as in Fig. 2) and a more closely spaced 


pair of electrodes (. . .). The lower of the dotted curves is the threshold come 


of the dynamic range. See Figure 2 for further details. 
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gives results similar to stimulating between a widely 
spaced scala tympani pair. 

Histological Results. Histological examination 
has now been performed on seven of the implanted 
cochleas. These results indicate a correlation be- 
tween the psychophysical measures and the percent 
of surviving eleraents in the cochlea and eighth 
nerve.” Animals with relatively little damage to the 
organ of Corti and high percentage of surviving 
myelinated nerve fibers and spiral ganglion cells 
show low thresholds and large dynamic ranges. 
Animals with considerable damage to the organ of 
Corti and degeneration of myelinated nerve fibers 
and spiral gangl:on cells show relatively elevated 
thresholds and much smaller dynamic ranges. 
Holding all other factors constant, thresholds and 
dynamic ranges varied by as much as 30 dB over the 
16 implants. Most of this variation occurred in 
animals not treated with neomycin at the time of 
the implant surgery and thus was correlated with 
variable amounts of damage produced by insertion 
of the implant itself. Psychophysical measures for 
the eight cochleas perfused with neomycin at the 
time of implant surgery fell within much narrower 
ranges: thresholds varied over a range of only 7 dB. 


CONCLUSIONS 


Specification of the operating range for cochlear 
implants is an essential first step in a design of 
stimulation schemes for the cochlear prosthesis. 
Considerations enumerated here are applicable to 
both single channel and multichannel prostheses. 
The major factors contributing to the operating 
range seem to be the spectral characterics of the 
stimulus (particularly stimulus period and to a 
lesser extent repetition rate), the size and proximity 
of the two stimulating electrodes, and the condition 
of the implanted cochlea and the eighth nerve. 
Placement of electrodes does not seem to be par- 
ticularly important, although we have explored on- 
ly a small number of possible placements compared 
with the placements used in humans. 


Having defined the operating range for a par- 
ticular electrode configuration, the next essential 
step is to determine the number of discriminably 
different stimuli that can be presented within that 
range. Studies of this question are currently under 
way in our laboratory. 
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ESTIMATES OF ESSENTIAL NEURAL ELEMENTS FOR STIMULATION 
THROUGH A COCHLEAF PROSTHESIS 
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FRANCIS A, SPELMAN, PHD JOSEF M. MILLER, PHD 


SEATTLE, WASHINGTON 


Electrical stimulation of afferent auditory pathways through electrodes pla. ed within and outside of the cochlea were used to study 
stimulation and design parameters relevant to a cochlear prosthesis. In the acvte guinea pig preparation, the tract response evoked in 
brachium of the inferior colliculus by electrical stimulation to an ear provided estimates of the effectiveness of various electrode 
placements. Stimulation between an electrode in the cochlea and a site along thezighth nerve was characterized by the lowest thresholds. 
Stimulation between intracochlear electrodes was somewhat less effective. ane stimulation between external electrodes at the nerve, 
cochlear nucleus, or distant point was least effective. Thresholds, expressed as current, rose at approximately 6 dB per octave for stimulus 
frequencies from 1 kHz to 16 kHz. Thresholds below 10 pA rms were seen “or -ptimal placements. These observations suggest that the 
neural elements being stimulated are the cell bodies of the spiral ganglion eells. 





KEY WORDS. Cochlear prosthesis, neural elements, guinea pig. 


INTRODUCTION METHODS 

Electrical stimulation of afferent auditory path- In the-context of current measurement in the acute guinea pig 
ways to alleviate profound deafness can best he op- preparation, we placed two or more platinum-iridium electrodes 
timized by identifying the sites of neural activation into the scala tympani through the round window. These elec- 
z et Lae re trodes were in our free-fit Silastic® carrier separated by known 

The actual optimization process may not necessarily distances from the most basal (B) to the most apical (A) electrode. 
involve placing electrodes especially near these Outside af the cochlea we placed similar electrodes at two of the 
sites, but it will require an efficient concentration of followin: points: a reference site (R) in the neck muscles, at the 


junction of the auditory nerve and cochlear nuclei (C), or on the 
auditorynerve (N) as it collects from the modiolus. In addition, 
an electrode was placed on the brachium of the inferior colliculus 


current. Criteria for optimization are that the 
transfer of information be maximized while the cur- 


rent used to deliver the information is minimized so contralaeral to the ear implanted with the cochlear prosthesis. 
as to avoid tissue and electrode damage. There is The brachial electrode was used to record triphasic tract responses 
also the requirement that placement of the elec- to electrzcal pulses. These were single cyles of sinusoids from 1 to 


16 kHz delivered through a stimulator that we have described 


trodes be practical, Knowledge of the loci and elsewhere.'* We did not use frequencies below 1 kHz due to 


nature of excitable neural elements will help to best stirmulus .artifact. The pulses were presented at 20/sec, and the 
meet these criteria by allowing a reduction of ineffi- response waveforms were averaged for 250 stimulus presenta- 
cient current spread and a more selective activation tions The intensity of the pulses was varied so as to estimate the 


thresnolc of activation for all electrode pairs. Thresholds were 


of elements both spatially and temporally. routinely. estimated for both pulse polarities. 


Spatially discrete activation of afferent pathways 


is possible with scalar electrodes,'? and these may RESULTS 

be the preferred site for a prosthetic device.* At the | 

same time, factors known to influence neuronal ac- Tae major findings for these initial observations 
tivation have not been exhaustively examined. relating electrode placement, frequency of stimula- 
These include placement of electrodes,*® intensity tion. aed thresholds of physiological responses are: 


and frequency of stimulation,*® the electrical im- 
pedance of the tissues,> the properties of the elec- 
trodes,’ the pathological state of the cochlea,*-'° 
and the activation process at the neural ele- 


1. Response thresholds, expressed as current, 
rose wi h frequency of stimulation from 1 to 16 kHz 
at approximately 6 dB/octave. 


ments."'’? A systematic investigation of these in- 2. The lowest thresholds for the brachial re- 
fluences requires that independent measures of elec- sponse approximate those observed in primate psy- 
trode, tissue, and neural response properties be chophysical experiments at this laboratory.‘ 


made. We have initiated a series of studies to char- 
acterize electrode properties and current distribu- 
tion.'* In addition, we are attempting to identify 
the location of neural elements essential to the use 
of a cochlear prosthesis and to characterize the pro- 
cess of activation. 4. Current passed between an electrode at the 
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3. Tae threshold for the brachial response is 
lower when evoked by current passing between a 
cochlear electrode and an external electrode than 
betweea two electrodes within the cochlea. 
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Fig. 1. Threshold intensity for evoking a tract 
response in the contralateral brachium of the inferior col- 
liculus for single-cycle sinusoids of constant current 
delivered to each of the six electrode pairs shown. B - Basal 
electrode; A - Apical electrode; C - Electrode at the junc- 
tion of the cechlear nuclei and auditory nerve: R - 
Reference electrode in the neck muscles. 


exit of the auditory nerve from the modiolus and 
one at its entrance into the cochlear nuclei or be- 
tween the latter and neck muscle is five to ten times 
less effective in eliciting the brachial response than 
current passed between an electrode at some point 
on the nerve and an intracochlear electrode. 


The data from one guinea pig are shown in 
Figure 1. The placement of electrodes is indicated 
in the schematic, and the threshold functions for 
pairs of those elec-rodes are graphed as a function of 
the frequency of stimulation. In this animal the ex- 
tracochlear electrodes were at the cochlear nuclei 
and neck muscles. As shown by the upper curves, 
the least effective pairs of electrodes were the exter- 
nal ones for all stimulus frequencies but 16 kHz, 
The intracochlear pair was also relatively ineffec- 
tive and was the most ineffective at 16 kHz. Elec- 
trode pairs with one intracochlear and one ex- 
tracochlear electrode were clearly most effective. In 
this animal the threshold for every pair of electrodes 
rose at about 7 to 8 dB/octave except for the highest 
octave in the upper curves. It must be noted that a 6 
dB/octave increase in threshold agrees with a 
charge-dependent process that is equally efficient at 
all frequencies. 


These findings held for each of six animals with 
variations that lie within a reasonable range of er- 
ror. All preparations had minimum thresholds at 1 
kHz that were below 30 „A, and most had mini- 
mum thresholds below 10 pA. Thresholds rose at ap- 
proximately 6 dB/octave for all electrode pairs with 
individual variations. The median thresholds for all 
animals and electrode combinations at 1 kHz are 
shown in Figure 2. External pairs were character- 
ized by thresholds well in excess of those for 
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Fig. 2. Median stimulus thresholds in pA are shown 
for all electrode combinations across six preparations. N - 
Electrodes on cochlear nerve near exit from modiolus, 
others as in Fig. 1. 


internal-versus-external pairs. Although more effec- 
tive than external electrodes, intracochlear elec- 
trodes were also generally less effective than 
internal-external pairs. 


DISCUSSION 


It is most parsimonious to interpret these observa- 
tions as indicating sites of neural activation between 
the auditory nerve and scala. This is the general re- 
gion of the modiolus, and the cell bodies of the 
spiral ganglion neurons are the obvious candidates. 
The inefficiency of scalar electrodes suggests that 
even in these preparations with the possibility of in- 
tact dendritic elements for these neurons, the actual 
site of stimulation is outside of the scala. We are 
systematically examining the effect of ototoxic and 
genetic loss of hair and spiral ganglion cells on this 
finding. 


While such conclusions are attractive given this 
initial level of knowledge, they are not compelling. 
While some data are available about the electrical 
nature of the cochlea and its surrounds,*''* we re- 
quire more specific answers relative to the struc- 
tures and paths of most importance to electrical 
stimulation. We need, in fact, to know the current 
distribution at candidate sites of neural activation 
given the introduction of current at candidate sites 
of placement for stimulating electrodes. It is thus 
necessary to measure physiological responses and 
current distributions concurrently. Such measure- 
ments will permit us to decide if the activation of 


NEURAL ELEMENTS STIMULATED BY¥ PROSTHESIS 


central auditory pathways by current through a 
pair of electrodes can be attributed to a restricted 
pool of neural elements or if multiple sites of activa- 
tion are possible. 


In light of our present knowledge, it is unlikely 
that neural elements more central than the auditory 
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nerve contribute to the transduction of electrical 
stimutacion to neural responses. This conclusion is 
tentatiwe, however, and is based on preliminary 
physica. measures and a gross physiological re- 
sponse. The refinement of observational and analy- 
sis techeiques will help to clarify these uncertain- 
ties. 
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When structures within the temporal bone are stimulated electrically it is desirable to maximize the dynamic range of the stimulus. 
The maximum dynemic range of electrical stimulus seems to be found when the threshold of stimulation is minimum. The minimum 
threshold of stimulus is likely to be reached when the electrical current that flows through regions containing excitable cells is maximized. 
By implanting electrodes throughout the temporal bone, it is possible to apply electrical currents to the ear and to measure the distributions 
of current flowing within the ear. The results of these measurements demonstrate that when current flow is directed outside the scala tym- 
pani, lower thresho.ds can be obtained. Frequency dependence of the paths of current flow canot be used to explain the frequency 


dependence of the fsequency-threshold functions measured in animals. 


KEY WOEDS. Cochlear prosthesis, electrical stimuli, electrical current, frequency, guinea pig. 


INTRODUCTION 


In designing a prosthetic device to provide 
auditory perception to the profoundly deaf patient, 
one must be concerned with the optimal transfer of 
information. The dynamic range of an electrical 
prosthesis is critical to such transfer. For both 
behavioral and neurophysiological responses, the 
dynamic range is greater for those stimuli whose 
thresholds are least.'? These results suggest con- 
sistency between the behavioral goal of providing 
maximum dynamic range and the engineering and 
clinical goals of minimizing applied current to in- 
crease the life of the device and to reduce the poten- 
tial side effects of applying current with metallic 
electrodes. 


Stimulation sites should be selected that exhibit 
the minimum threshold of functional response for a 
given subject. I: is important to minimize current 
spread anc maximize the number of elements 
through which information can be transferred. In 
general, it is necessary to define and analyze the 
electrical properties of the implanted ear. To design 
and develop the most effective implant, we need to 
know the paths taken by stimulus currents when 
stimuli are applied at a particular site, the fre- 
quency-dependence of current paths in the ear, the 
effects of duratior. of implantation and stimulation 
on passive and active electrical properties of the 
ear, and the relation of electrical mesurements to 
psychophysical and electrophysiological threshold 
data. Underlying the studies of the patterns of cur- 
rent flow in the implanted ear is the assumption 
that the volumes of interest contain excitable neural 
elements and that. given equal densities of excitable 
elements, thresholds of electrical stimuli will be 


minimum in those regions where current flows are 
maximum, 


The extent to which functional measures of the 
system response are dependent on the biophysical 
characteristics of neural membranes or on current 
paths in the ear must be determined. To understand 
the operation of the implant, its operating range, 
variability and dependence on stimulation site and 
on stimulus parameters, we must first understand 
the basic biophysical properties of the implanted 
ear, 


METHODS 


Our techniques of stimulation, measurement and calculation 
have been described in detail elsewhere.’* Briefly, a constant cur- 
rent stimulator is used to apply current to all possible pairs of elec- 
trodes in the ear of guinea pig or monkey. Electrodes have been 
placed in the scala tympani and the modiolus, internal auditory 
meatus and neck of acutely implanted guinea pigs, and in the 
scala tympani and neck of chronically implanted monkeys. 
Voltages are measured across every pair of electrodes. Thus, for a 
given set of input currents, the following matrix equation holds: 

I= VxyY 
where I represent the stimulus currents, V represents the voltages, 
and Y represents the admittances of the system. 


The system is noisy, so errors occur in the voltage 
measurements. The voltage matrix is forced to fit Kirkhoff’s 
voltage law, subject to the constraint that the new voltage matrix, 
V’, must have a minimum least-squares difference from the data 
matrix. The new voltage matrix is reduced, inverted and used to 
solve the equation for system admittances, which in turn are used 
to solve for branch currents in the system. 


RESULTS 


Figure 1 shows the results obtained in an acute 
study of a guinea pig, in which electrodes were im- 
planted in the scala tympani, the internal auditory 
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Fig. 1. Current flowing between electrodes implanted in 
the ear of a guinea pig. The small circles represent the elec- 
trodes and the T circles represent a current generator 
which was applied in turn to each electrode pair. 


meatus and the neck. In this animal, the maximum 
flow of current was obtained when current was ap- 
plied between the internal auditory meatus and the 
neck; at a midrange of frequencies, currents from 
the scala to the internal auditory meatus were next 
in magnitude, and current flow within the scala 
was slightly lower than currents from the scala to 
either the internal auditory meatus or to the neck. 
The frequency-dependence of these data is inconsis- 
tent for the three lower values of current flow. 
Brachial evoked responses obtained from this 
animal showed a maximum threshold between the 
internal auditory meatus and the neck, and in 
descending order of threshold, responses for the 
electrodes in the scala tympani, between the scala 
and the neck, and the scala and the internal 
auditory meatus. 


Figure 2 shows results obtained for currents 
measured in the ear of a chronically implanted 
monkey. The maximum flow of current is found be- 
tween a sitmulus electrode in the scala and an exter- 
nal electrode when stimulus is applied between the 
most basal and apical electrodes in the scala, while 
the minimum current is measured between a closely 
spaced pair of electrodes in the scala. The biophys- 
ical results are consistent with results found in the 
measurement of behavioral thresholds to sinusoidal 
currents: that is, the minimum thresholds occur 
when stimulation is monopolar or applied between 
widely spaced bipolar pairs, and the maximum 
threshold occurs when the stimulus is applied be- 
tween closely spaced bipolar pairs. A definite fre- 
quency pattern can be observed: above 1 kHz the 
maximum flow of current decreases and the smaller 
currents increase until they converge at 8 kHz. This 
result does not explain the change in slope of the 
threshold functions measured in the behavioral data 
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Fig... Current flowing between electrodes implanted in 
the ea» zf a monkey. The small circles represent the elec- 


trocies ac the large circles represent the applied current 
(I) ane ae measured current (A). 


above | kHz. As the maximum current decreases, 
the sloce of the threshold decreases as well, which 
wouid mply an increasing flow of current to ex- 
citable = ements, an increase in current spread, or a 
change in neural threshold. 


DISCUSSION 


Whilk we have measured current flows in the im- 
plantec ears of animals as functions of electrode 
positior and frequency, there are several questions 
that remain to be answered. One is based on our 
methoc= in which we include both electrode and 
tissue im pedances in our measurements. To separ- 
ate the wo impedances, we use the techniques of 
Johnstcee et al’ and Honrubia et al,° in which 
stimul surrents are applied to the tissue with one 
pair of = ectrodes and voltage distributions in the 
tissue are measured with response pairs. One 


order te assume a negligible voltage drop between 
the twe and thus to measure the voltage in the 
tissue ac the points at which current is applied. To 
provide information with spatial resolution of our 
present «approach, we need to double the number of 
electroc’s implanted, placing en array of closely 
spaced #lectrode pairs (stimulus and response) in 
each veame of tissue that is of interest. Such a 
technie allows the measurement of tissue proper- 
ties ind=xendent of the properties of the stimulating 
electrocss. We have begun preliminary measure- 
ments c$ vzhis sort, and have found that 1) tissue im- 


pedances. are much lower than the combined im- 
pedancss: eg, 2000 Q rather than 13,000 Q; 2) tissue 


impedaz*e seems to vary by no more than 10% 
from 6 Hz to 2 kHz; and 3) the impedance has a 
negligible reactive component (the phase angles are 
less tha= 10°). The magnitudes of impedance of the 
scale tympani measured in these recent experiments 
are cor istent with those of Johnstone et alë and 
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Honrubia et al, but we must do more experiments 
to determine the effects of implants upon the flow 
of currents in the ear. Despite the added complexity 
of these measurements, they must be done to elim- 
inate the confounding effects of electrodes from the 
determination of distribution of currents within the 
cochlear tissues. 


Both neurophysiological and psychophysical data 
have shown marked frequency dependence of 
threshold for stimulus current. When evoked re- 
sponses are elicited by bipolar stimulus pulses, 
threshold increases as pulse width decreases.” The 
increase is consistent with a system that is charge- 
dependent, ie, threshold to a current pulse increases 
by approximately 6 dB per octave of frequency 
(where frequency is taken to mean the fundamental 
frequency of a square wave whose period equals the 
pulse duration). The range of pulse durations ap- 
plied extends from 25.6 ms to 50 ys, which cor- 
responds to frequencies from 18.5 Hz to 10 kHz.? If 
sinusoidal stimuli are applied to implanted ears in 
either humans or lower animals, the threshold func- 
tions are minimum and nearly constant from 8 Hz 
to 100-200 Hz; they then increase by nearly 6 dB per 
octave from 200 Hz to 1 kHz, and by about 3 dB per 
octave above 1 kHz.'*° The threshold function is 
that of a charge-dependent system only in the mid- 
range of frequencies. The results in the low and 
midranges are consistent with measurements made 


of single nerves and neurons,'*'' and with neuronal 
models.'?'? For frequencies below 100-200 Hz (ig- 
noring accommodation), the membrane admittance 
is a conductance, while at higher frequencies it is a 
parallel conductance and capacitance. The satura- 
tion shown in behavioral data above 1 kHz cannot 
be explained solely by the properties of neural mem- 
branes. 


The observations made to date in the guinea pig 
raise a number of questions. We found that whereas 
current flow is maximum between the internal aud- 
itory meatus and the neck, the maximum threshold 
to elicit brachial evoked potentials was obtained 
with the same pair of electrodes. Microscopic ex- 
amination showed that all of the electrodes had the 
same geometric area. Thus, the results could be ex- 
plained by an absence of excitable elements in the 
region of those two electrodes or by a shunt path, 
eg, a blood vessel that carries the current away from 
excitable elements. More detailed informaion con- 
cerning this current path will be obtained. 


We will continue to investigate the position- 
dependent and frequency-dependent properties of 
currents in the implanted ears of experimental 
animals. We will concentrate on the separate 
measurement of the properties of implanted tissues 
and of electrodes, and continue to compare our 
electrical measurements with neurophysiological 
and psychophysical measures. 
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COMPARISON OF COCHLEAR HISTOFATHOLOGY FOLLOWING 


TWO IMPLANT DESIGNS FOR 
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Two designs of intracochlear implants were evaluated for their histopatholog« effects in the monkey ear. A molded electrode designed 
to fit the contour of the basal turn of the scala tympani tended to create basilar membrane fistulas and osseous spiral lamina fracture, along 
with relatively extensive loss of spiral ganglion cells in sites adjacent to the impillam!. A delicate, free-fit electrode induced local encapsula- 
tion but little or no mechanical damage and limited degeneration of spiral garglion cells. Both electrode types occasionally induced 


changes in stria vascularis. 


KEY WORDS. Scala tympani prosthesis, cochlea, histopatzology, encapsulation, mechanical trauma, 


degeneration. 


Various configurations of intracochlear elec- 
trodes have been employed in attempts to provide 
effective stimulation of viable elements in the 
cochlea or eighth nerve. Clinical approaches have 
utilized a single, unsupported wire,'? a bipolar 
pair,** or multiple electrodes.5-’ Michelson,’ re- 
ports using bipolar pairs of electrodes embedded in 
a silicon rubber matrix. These various designs have 
involved electrode placement either through the 
round window into the scala tympani or through a 
promontory/scala approach directly into the 
modiolus. 


Histopathologic assessment of the results from 
chronic cochlear implants in the clinical population 
are almost nonexistent. With the exception of a 
complete report on one patient? and passing men- 
tion of histopathology in one patient,‘ there is little 
to indicate the reaction to placement of electrodes 
in the cochlea. Both the above reports note implant- 
correlated effects. These suggest serious complica- 
tions for uses in ears already compromised func- 
tionally. Before extensive implant programs are 
brought into clinical use, further study of various 
approaches is needed. Such information would be 
particularly useful following stimulation at inten- 
sities within the normal operating range of the im- 
plant. This viewpoint strongly supports the need for 
animal research upon implant reactions. 


A limited number of studies have provided some 
useful observations. Bipolar, unsupported wire 
electrodes have been utilized in intracochlear im- 
plants in animals.'®'!! Simmons? observed that 
single wires inserted into the scala tympani of the 
cat sometimes passed through the basilar membrane 
and into the other scalae. Johnsson et al? report a 
similar result in the human cochleas they studied. 


Recently, several studies have appeared based on 
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Michelæn’s concept,” consistirg of a set of elec- 
trodes partially embedded within a silicon rubber 
matrix that was molded to conform to the scala 
tympan# space in the basal turn of the cochlea.'?-'5 
An eleccrode system of this form may be useful for 
discrete, multichannel stimulation. In the hands of 
these workers a molded, snug-fitting silicon rubber 
coil iaserted into the basal turn of the cat cochlea 
usually produced limited disruption of cochlear ele- 
ments. Sood preservation of radial nerve fibers and 
spirel ganglion cells was obtained. However, there 
were some instances in which insertion of the system 
fractured the osseous spiral lamina (OSL) or pene- 
trated ‘ve basilar membrane (BM). When this hap- 
penec, it produced marked loss of receptive ele- 
ments, mostly confined to the immediate vicinity of 
the trawma. 





The «servations derived from cats are encourag- 
ing ia suggesting that a scala tympani electrode 
systern may produce minimal cochlear damage. 
However, the occasional mechanical trauma and 
attendazit pathology known to occur has prompted 
us te tet further designs for intracochlear electrode 
systems Extension of comparative studies to in- 
clud2 pwimates is an important: step necessary for 
validating inferences regarding the suitability of 
electroc ¢s for use in humans. These considerations 
led us to a study of cochlear histopathology in 
monxes implanted chronically with two electrode 
systems. 


METHODS 


A tetal of eight cochleas were studied. These were divided into 
two growas of four each. Group 1 hac been implanted with a 
Michelscr-<ype electrode system. This ccnsisted of four platinum- 
iridium wares (.003 cm diameter) termirating in ball-tips (.02 em 
diameter» that protruded slightly from a silicon rubber matrix. 
This system was molded to fit the first 8-14 mm of the scala tym- 
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TABLE 1. HISTOPATHOLOGIC CHANGES ASSOCIATED WITH ELECTRODE IMPLANT 


a nimaan iaaa aranna: 


Basilar 
Electrode Type Survival Membrane 
and Animai No. wk Rupture 





Molded Electrode 


028L 20 + 
157L 16 $ 
157R ~ re 
028R 8 = 
Free-Fit Electrode 
MTS 16 ~ 
350 12 — 
IGIR 10 — 
161L 10 = 


* Reissners mem»rane absent in middle and apical turns. 
+ - Present; — - Absent; ? - Indeterminate; + + - Severe. 


pani, occupving the scala completely. Electrodes were located at 
staggered distances along the implant. Group 2 animals received 
a modificatien of this electrode system. For these animals, the im- 
plant consisted of ascylindrical, slightly curved slender silicon rub- 
ber matrix in which the platinum-iridium wires were embedded 
as for group 1. This implant occupied 1/3 to 1/2 the cross-sectional 
volume of the basa turn of the scala tympani. 


The animals of «ach group were subjected to similar stimula- 
tion experience beginning the week following implantation of the 
electrode system. 


For purposes o! comparing the histopathology in the two 
groups, the animals were matched as closely as possible for 
postimplant survival time. At the termination of electrical 
stimulation studies, they were sacrificed with excess pentobar- 
bital, followed by immediate intracardiac perfusion with normal 
saline and 10% bu/fered formalin. The temporal bones were then 
removed and the implant carefully extracted. After further fixa- 
tion, the tempora: bones were decalcified and embedded in 
celloidin. Sections at 22 p were obtained; every fifth section was 
stained with hemasoxylin-eosin, Additional sections were stained 
with cresyl cr Holmes’s silver for further study as needed. 


RESULTS 


Table 1 summarizes observations which were 
made upon the two groups. None of the animals 
had received #totoxic agents, hence the changes 
observed presumably reflect the consequences of the 
implant. Of the cochleas in which there was a 
molded implart, BM rupture was found in three of 
the four cases, while no rupture was detected in the 
animals that wnderwent a free-fit implant. There 
was clear evidence for fracture of the OSL in two of 
the molded-implant specimens, and probably OSL 
fracture occurred in a third. In this case, the lamina 
had been defected upward into scala vestibuli 
without separation from the modiolus. Each of the 
fractures created fistulae which extended over 
several millimeters of the basal turn. 





By contrast. tie free-fit implant resulted in no 
torn BM or mechanical stress or fracture of the 
OSL. This electrode system remained confined to 
the scala tympari. Examples of the differential ef- 
fects of the two types of electrode systems are pro- 
vided in Figure 1. This figure shows a prominent 
scala vestibuli cistula produced by the larger, 
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molded implant (Fig. 1A). Figure 1B demonstrates 
the minimal changes in scala tympani with the 
small, free-fit electrode. Observe that a capsule re- 
mained after withdrawal of the electrode. In long- 
duration implants, the entire structure became in- 
vested with a prominent fibrous covering. 


There were noticeable changes in stria vascularis 
in two cochleas receiving the molded implant. 
Atrophy was apparent in association with the scala 
vestibuli fistula. Further on, the stria had become 
thickened at several points, and there was conges- 
tion of the vessels in the basal turn. In middle and 
apical turns, the stria exhibited a normal ap- 
pearance. 


One of the free-fit implant animals had evidence 
of thickening of the stria in the basal turn. No other 
sign of strial change was found. 


Distortions in Reissner’s membrane appeared in 
three of the four cases receiving molded implants. 
One of these three had marked hydrops in the mid- 
dle and apical turns; the other two cases had multi- 
ple adhesions between Reissner’s membrane and the 
stria vascularis or the endosteum of scala vestibuli 
in the basal turn. The membrane was absent entire- 


ly from middle and apical turns in one animal 
(157R). 


Free-fit electrodes evoked no apparent changes in 
Reissner’s membrane. It was intact in all four 
specimens. Neither hydrops nor adhesions could be 
seen at any point through the extent of the cochlea. 


Based upon counts of spiral ganglion cells (SGC) 
in each fifth section, we estimated the surviving 
SGC in each of the cases, plotting this number as a 
percentage of cells found in unoperated control 
animals. Figure 2 summarizes the results for the 
two groups. Examination of Figure 2 shows definite 
losses in SGC of each specimen, particularly in the 
portions serving the basal segment of the cochlea. 
These losses were detectable as early as eight weeks 
postimplantation. For all cases, the region of 
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Fig. 1. Basal turn of monkey cochlea in midmodiolar aspect. A) Mcld=d implant inserted in scala tympani destroyed the 
osseous spiral lamina (arrow) creating a large fistula to scala vestibuli. 3) Free-fit implant site in scala tympani. Tubular cap- 


sule (arrow) identifies position occupied by the implant. 


greatest loss corresponded approximately to the im- 
plant site. Typically, the apical portion of the 
ganglion remained normal in its complement of 
cells, while the middle turn segment exhibited a 
mild degree of loss. 


Animals receiving the molded implants tended to 
have greater SGC losses than did those with the 
small free-fit implant. The difference was more 
noticeable for cases in which the molded implant 
damaged or fractured the OSL. Ganglion cells in 
these regions were reduced to about 50% or less of 
their normal numbers. 


All specimens, regardless of implant type, had 
cell loss in the basal turn. Even minimal trauma 
associated with the free-fit electrode system ap- 
peared to have an effect on the SGC. There were no 
cases in which all SGC disappeared entirely. Some 
of the cells remaining in the spiral ganglion ap- 
peared to be in process of degeneration at the time 
of sacrifice, but many normal cells remained even 
at 20 weeks postimplantation. 


CONCLUSION 


Both the molded and the free-fit electrode sys- 
tems were associated with cochlear damage, as in- 
dexed by changes in BM, stria vascularis, OSL, or 
loss of SGC. 


The molded intracochlear implant presents a 
greater hazard to the monkey ear than does the 
slender, freely-fitting implant. The slender implant 
is relatively flexible. It can be manipulated more 
easily, and carries the option for insertion to 
variable distances into the scala tympani. This 
system, however, does not insure that electrodes can 


be p.aced in proximity to the BM or OSL, a con- 
sideratien proposed to be important for optimal 
stimu ation.'? 


The more favorable experience regarding coch- 
lear darnage with implants in cats'*"'> suggests that 
the cat might have a rather robust cochlear struc- 
ture which tolerates insult better than does the 
monkey Also, the physical properties of the elec- 
trode system that is molded to fit the cat may resist 
buckiin« or twisting. In the slightly narrower mon- 
key scala tympani, the molded system may be more 
likler tc buckle or twist. 
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SPIRAL GANGLION 


Fig. 2. Summary graphs of spiral ganglion cell counts 
for incividual monkeys receiving A) molded implants, or 
B} feee-fit implants. Cell counts are designated as percent 
of wesage numbers found in a normal control group (N 
=", Te identification number for each animal terminates 
with asspecification of the postimplant survival in weeks. 
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Conclusions from the cellular changes noted in 
this study should be qualified by the consideration 
that the implants were in position for a relatively 
brief period. Further changes might be expected in 
cases with extended periods of implantation. Possib- 
ly both molded and free-fit implants may produce 
similar end-poin: effects, although we observed 
that fewer cells were lost from those cases with free- 
fit electrodes at each postimplant period. It would 


be desirable to have a comparison after two or three 
years. 

It may be premature to assume that either of the 
designs studied here is adequate until more is 
known about the diagnosis of residual nerve ele- 
ments in the clinical population, the distribution of 
current produced by intracochlear electrical 
stimulation, and the consequences of long-term 
stimulation of scala tympani sites. 


~ ACKNOWLEDGMENT — We sincerely thank Mrs. Judith E. Miller for her excellent histological assistance. 
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Degeneration in brainstem auditory nuclei was studied in monkeys following hronic implantation with scala tympani multielectrode 
systems. Nauta and Fink/Heimer-stained material from animals with survival times to 16 months were studied. The density and distribu- 
tion of degeneration in the cochlear nuclei were consistent with observed patterns of spiral ganglion cell degeneration. Transneuronal 
degeneration was seen up to the level of the inferior colliculus. The density and forra of the degeneration material in animals of varying sur- 
vival times was consistent with the interpretation that a process of continuing degeneration occurred in these implanted ears. 
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In studies of the cochlear prosthesis, the 
histopathological changes that occur following the 
implantation and stimulation are of major concern. 
If the implant is to function effectively over long 
periods, obviously its introduction and use must not 
cause extensive damage to those neural elements es- 
sential to appropriate activation of the auditory sys- 
tem. While human studies may provide some infor- 
mation,’ interpretation of histopathological find- 
ings in man is difficult. The histopathological state 
of the cochlea is not known at the time of implanta- 
tion. Hence, it is difficult to attribute observed 
pathology to the implant with confidence. Obvious- 
ly one cannot prospectively select the time at which 
histological evaluation will occur relative to other 
important considerations, such as hearing perform- 
ance in response to prosthesis activation. 


Animal studies can contribute toward resolving 
these questions. Work in our laboratories has been 
conducted on two levels of analysis: first, cochlea 
pathology, and second central pathology. In previ- 
ous reports’ * some of our histopathological findings 
related to the cochlea were described. In the present 
report we summarize some of the main findings on 
central pathology associated with cochlear implan- 
tation and chronic stimulation. 


METHODS 


Material for these studies comes from implanted monkeys used 
either in behavioral studies of prosthesis function, brainstem 
evoked response (BSER) studies, or stapedius reflex studies. Each 
subject was implanted with a tapered Silastic® implant, which 
occupied 1/3 to 1/2 of the cross-sectional area of the scala tympani 
and extended approximately 6 to 14 mm apically from the round 
window. The implants were multipolar platinum-iridium pros- 
theses.’ 


At the time of sacrifice the animals were deeply anesthetized 
with barbiturate anesthesia. Their middle ears were injected with 
buffered formalin and they were systemically perfused via a 


Laboratories, Louisiana State University, New Orleans, Louisiana. 


transcarczac approach, first with saline and then with buffered 
formalin. The skull was opened, and the brain, with particular 
attention and care to brainstem structures, was removed. The 
temperal bones were removed and appropriately treated as 
described slsewhere.* The brain was immersed in buffered for- 
malin ančfoilowing further fixation was treated as follows: a por- 
tion œ th» brainstem including the auditory pathways from the 
cochlear guclei (CN) through the inferior colliculus was trans- 
ferred:to frmal sucrose. Frozen sections at 30 » were later taken 
and aiterrate sections were stained with the Nauta stain,’ Fink- 
Heimer st.in,® and cresyl violet. The tissues were then examined 
under light microscopy. The pattern of degeneration in the CN 
and ai seaondary relay stations of the auditory pathways were 
document:-d for distribution and density of debris, using camera 
lucida drawings and photography. To date the brainstems from 
ten chroazaily implanted monkeys have been processed histo- 
logically. This material includes 16 ears implanted with the 
cochlear prosthesis. In the case of two of these ears, neomycin was 
perfused tarcugh the cochlea at the time of the implantation; the 
cochlea was normal in the remainder. One ear received only a 
“dummy” {no electrodes in the Silastic mold) implant, all others 
were implanted with our standard scala tympani multielectrodes 
system. Survival time in these tissues ranged from 1 through 16 
months. Eo date the tissues from six animals (including 12 im- 
planted exrs) have been studied extensively. In this paper we 
report ouroreliminary observations. 


RESULTS 


Our f ndings may be summarized as follows: At 
the leve of the CN the density and distribution of 
degeneration was related to the extent of degenera- 
tion fouad in the cochlea. Terminal degeneration in 
the CN was consistent with the location of spiral 
gang:ior cell degeneration. Its distribution was ap- 
propriats: the principal cochlear degeneration in 
these bo aes was found in the basal turn.?-* Cochlear 
nuclei cegeneration was found primarily in the 
medial znd dorsal portions of the anterior ventral 
cochlear nucleus (VCN) and appropriately in dorsal 
portiens of the posterior VCN. Some scattered de- 
generatian was found in the dorsal cochlear nucle- 
us, but tnis was far less extensive than that found in 
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Fig. 1. Pattern of degeneration in cochlear nucleus following bilateral implantation with scala prosthesis. Two and one 
half months survival time. The numbers (36 to 24) indicate the level (from caudal to rostral) of tissue section within the coch- 
lear nucleus. Degeneration is predominant in anterior ventral cochlear nucleus at the level of entering auditory eighth nerve 


fibers (33 te 30). 


VCN. Within VCN, degeneration tended to be pre- 
dominant at the level of the entering fibers of the 
eighth nerve in rostral-caudal dimensions. These 
findings are illustrated in Figure 1. 


As might be expected with the varying survival 
time of this material the appearance of degenera- 
tion varies significantly. At shorter survival times, 
the degeneration apparent from Fink-Heimer-pre- 
pared tissues apdeared more extensive than that 
found in Nauta-stained tissues; at longer survival 
times the Nauta technique revealed more extensive 
degeneration. However, even in the longest survival 
time material, arzy rophilic material could be found 
in the Fink-Heimer stained tissues, suggesting a pro- 
cess of continuing degeneration. 


Transneuronal degeneration was found in these 
tissues, exending up to the level of the inferior col- 
liculus. It was well illustrated at the level of the 
superior olivary nuclei (SOC). Thus in animals with 
predominantly unilateral degeneration of the CN, 
at the level of the medial division of the SOC 
(MSOC) a differential distribution of the terminal 
degeneration could be seen across the medial versus 
the lateral surface of this nucleus. Complementary 
patterns were fcund in the contralateral MSOC. 
The appearance of argyrophilic material was unlike 
that seen at the level of CN. Granules were smaller 
in size and might have been interpreted as artifact 
except for the very clear differential distribution ob- 
served within the SOC appropriate to the anatomic 
projections from the CN to the SOC. The appear- 
ance of this material was consistent with the obser- 
vation of transneuronal degeneration at the level of 
the nucleus of the trapezoid body observed by 
Morest et al following noise and direct mechanical 
trauma to the cochlea.°* 


*“Morest DK: Persona. communication. 


DISCUSSION 


The observation of degeneration in the CN associ- 
ated with degeneration of cochlear spiral ganglion 
cells is of course expected. The fact that signs of 
degeneration were restricted within the CN and 
agreed well with the cochlear pathology indicates 
that no dramatic additional destructive factor in- 
fluencing second order cells is introduced by direct 
electrical stimulation of the eighth nerve. * 


The observation of transneuronal degeneration is 
important. Major previous observations of trans- 
neuronal degeneration within the central auditory 
pathways suggests that it is insignificant in this sen- 
sory system.'® More recently data have been 
presented indicating that w hile transneuronal de- 
generation is not as influential a factor in the 
auditory system as, for example, the visual system, 
it can clearly occur.’'''-'* Transneuronal degenerate 
particles were clear in our material. The question of 
whether this degeneration is influenced by elec- 
trical stimulation at the periphery cannot be 
answered on the basis of the material studied to 
date. Its answer can further our understanding of 
mechanisms underlying transneuronal degenera- 
tion. Further, this finding is of significant con- 
sideration for clinical uses of the implant. 


Finally, the observation of terminal first-order 
degeneration in Fink-Heimer stained material of 
long survival time warrants further effort. It sug- 
gests a process of continuing degeneration. This in- 
terpretation is consistent with findings in the pe- 
riphery. 34 Certainly in the case of 16-month sur- 
vival time material, these changes are not likely to 


“In the case of the 16 month survival-time material, the subject was 
stimulated with various waveforms at levels within the behavioral 
operating range of the prosthesis (less than 1 mA) for approximately two 
hours per day, five days per week. 
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reflect initial implant trauma. Such progressive de- 
generation perhaps represents one of the more sig- 
nificant restrictions on the use of the prosthesis. The 
basis for this progressive degeneration is not 


clear. %17 Potential contributors include chronic 
electrical stimulation and the presence of a foreign 
body i= the cochlea. The role of each is being evalu- 
ated as additional material becomes available. 


~ ACKNOWLEDGMENT — We wish to express our appreciation for the excellent histolesical assistance provided by Mrs. Mina Hallett. 
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From a histopathological survey of 12 ears (7 cases) of Mondini’s deformity and deafness, the following conclusions er interpretations 
are drawn: 1) Mondini’s bony deformity diagnosable by polytomography des not necessarily indicate Mondini’s deafness or X-ray 


a ee of Mondini’s deafness cannot be ron relied upon. 2) 


‘The pars perior (semicircular canals and utricle} may be absent 


(aplastic) or the canals may be enlarged leading to interesting questions regarding vestibular physiology in such patients. 3) Enlarged en- 
dolymphatic duct and deficient Poiana pases valve are commonly feund associated with absence of endolymphatic hydrops or 


collapse suggesting an operational longitudinal 


ow, 4) One and one-half or fewer (instead of 2 1/2) cochlear turns are characteristic: 


however, end-organ of Corti lesions (aplasia) may be present or absent leading => interesting speculations for further research re arding 
auditory function, especially in those cases with norma a sensory structeres, 5) Mechanisms of hearing loss in Mondini’s deafness 


can be variably explained on the basis of inner ear or mi 


le ear pathology melsding dysgenesis of the end-organs and associated neural 


elements sufficient to cause sensorineural hearing loss, aplasia of the oval or eumd windows which might explain manifest “sensorineural 
hearing loss” in the presence of normal-appearing organs of Corti and aplasia or imfection of the middle ear causing a conductive loss which 


can be superimposed upon a sensorineural hearing loss. 


INTRODUCTION 


Next to Scheibe’s deafness, Mondini’s deafness is 
probably the most common form of congenital ge- 
netic deafness. Mondini’s deafness has in recent 
years been more frequently diagnosed largely be- 
cause of polytomographic studies which are avail- 
able in most clinics, especially since 1969, when 
Valvassori' described the application of poly- 
tomographic radiography. Since that time, diagnos- 
tic studies using polytomographic methods have 
been described by Ilum? (1972), Jensen? (1974), 
Everberg and Jensen* (1976), Som et alf (1977), 
Subotic and Schuster® (1978), Valvassori and 
Clemis’ (1978), and Ibrahim and Linthicum? 
(1979). Even such quantitative radiological studies 
can be misleading. For example, it is difficult to dif- 
ferentiate labyrinthitis ossificans from osseous laby- 
rinthine aplastic changes radiologically. There is a 
great need for histopathological studies of human 
material to substantiate such diagnoses in patients 
and in turn appropriate management should result. 


The mechanisms for sensorineural hearing loss in 
Mondini’s deformity have not been well estab- 
lished, perhaps because there are so few histopatho- 
logical studies in the literature. These studies 
generally concentrate on Mondini’s deformities 
rather than pathogenesis of Mondini’s deafness. 
Mondini’s osseous anomaly is not necessarily asso- 
ciated with hearing loss. Polvogt and Crowe?’ in 
1937, described cases with normal! hearing in which 
Mondini’s bony cochlear anomalies existed. Vesti- 
bular labyrinthine anomalies are less frequently 
described although, as this study will show, such 
changes can occur. The literature on this subject is 
characterized by individual case reports. Following 
Mondini’s original description of gross findings in 


1791, #lexander’® was first to describe the micro- 
scopie eatures. In 1950, Altmann" cited earlier 
described cases of Mondini’s deafness. He also 
stated hat the “extent of the changes of the stria 
vascinaris, organ of Corti, spiral ganglion cells and 
the other parts of the cochlear system determined 
the cegree of hearing loss, and that clinically 
malformation of the Mondini-type might therefore 
show ccmplete deafness or only partial loss of hear- 
ing.” Séace then cases have been descirbed by Mur- 
akari and Schuknecht,'? Gussen,'? Paparella and 
EIFixy’ and Lindsay.'S 


This report contains a general survey of 12 
human temporal bones (nine plus the three original- 
ly descaibed) of Mondini’s anomalies and deafness 
with a ciscussion of pathogenesis of hearing loss and 
vestibular findings. Further detailed analyses will 
be desc ibed subsequently. 


CASE REPORTS 


CASE | 


The paent died three days after birth with a massive cerebral 
hemorrhage. She had congenital heart disease (tetralogy of Fallot) 
incluciag a patent truncus arteriosus and maliormed pinnae. 
There wae congenital stenosis of the right ear. 


Rigit kar. Bony deformities of the right temporal bone in- 
cluded 1 ./2 cochlear turns and no semieircular canals. The mid- 
dle ear ecitained much mesenchyme and no stapes or oval win- 
dow were present. The utricle and membrancus semicircular 
canals were missing. The somewhat smaller saccule was present 
within a «eformed vestibule. The endolymphatie duct was large 
and the -ndolymphatic sac appeared somewhat smaller than 
usual. The organ of Corti, stria vascularis, cochlear duct, and 
spiral ligement were normal. Neural elements were present and 
normal. iacluding the spiral ganglion cells and inferior Scarpa’s 
ganglion. The superior vestibular nerve and ganglion were miss- 
ing (Fig. _). The pathological diagnosis for hearing loss would be 
markec e«nductive hearing loss with presumably. intact cochlear 
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Fig. 1. (Case 1) A) Note 1 1/2 cochlear turns (C), abnormal vestibule (V) and missing semicircular canals. B) Endolym- 


phatie duct 


maree 


window and 


ED) is enlarged, small saccule (S) is about to become the ductus reuniens. Arrow points to site where the oval 


footplate should have developed but did not. 
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Fig. 1. (Con’t.) C) The round window niche (RWN) is filled with adip-se-like tissue and bone. Note abnormally located 
facial nerve (FN) and enlarged cochlear aqueduct (CA). 


function; however, this patient probably would have 
demonstrated a sensorineural hearing loss if tested audiologically. 


Left Ear. The left temporal bone of this same patient showed 
essentially the same findings as on the right side. 


CASE 2 


The patient was the product of a normal pregnancy but at birth 
had multiple congenital abnormalities including cleft lip and 
palate, colobomota of the retina bilaterally, and a congenital 
heart defect. Severe bilateral deafness was established at the age 
of one vear confirmed by subsequent audiological studies. At the 
age of 5 1/2 he underwent cardiac repair and died in the 
postoperative period from hemolytic reaction. 


Right Ear. Study of the bony labyrinth on the right showed no 
semicircular canals and 1 1/2 cochlear turns. Otitis media with 
serous effusion was evident throughout the middle ear cleft. The 
stapes footplate overrode a bony shelf anteriorly. Only a rudimen- 
tary vestibule was present which contained loose vacuolated con- 
nective tissue. An underdeveloped saccule with an abnormal 
macula was identified. The endolymphatic duct and sac were 
enormously dilated on both sides and lined by flattened 
epithelium. The semicircular canals and utricle were completely 
missing. The organ of Corti was extensively missing especially 
towards the basal turn with corresponding loss of ganglion cells 
and other neural elements. The vestibular nerve and vestibular 
ganglia were absent in the internal auditory canal. A severe sen- 
sorineural hearing loss with a superimposed conductive loss was 
clearly explained by the pathological findings (Fig. 2). 


Left Ear, Similar findings were seen on the left side. 


CASE 3 


The paient resulted from an uncomplicated delivery but had 
multiple -ongenital problems, including Klippe:-Feil syndrome 
with Sprengel’s deformity, a low auricle on the left side but nor- 
mal on the right and preauricular pits. He died ai the age of four 
months aud both temporal bones were acquired. The right tem- 
poral bore contained unresolved mesenchyme with low grade 
purulent etitis media. It was otherwise normal in all respects with 
no Mendimi deformity. 


Left Eer. The left temporal bone suffered from a serious ac- 
quisition artifact because of cutting inte the vestibule. Cochlear 
findings were not interpretable but 1 1/2 cochlear turns could be 
estimated Of interest was total absence of all three semicircular 
canals amd the utricle. 


CASE 4 


This patient also had many congenital anomalies including 
problems. of first and second branchial arch development. Con- 
genital pana malformation and stenosis of the extenal ear were 
present. This patient died five days after birth. 


Right Zar. The right temporal bone contained large semicir- 
cular carals and 1 1/2 turns of the cochlea. AË vestibular and 
cochlear membranous labyrinthine struetures were normal in ap- 
pearance-except for a somewhat large endolymphatic duct and 
sac. Asse iated neural elements and ganglion ceils were normal. 
The most important findings were in the middle ear. The middle 
ear and Es contents either did not develop or developed abnor- 
mally (Fi. 3). There was no air space, no stapes or oval window, 
a partiall» developed malleus head could be seen in the attic, and 
the rcunc window niche was obstructed with adipose tissue. Con- 
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Fig. 2. (Case 2) A) Midmodiolar view of cochlea shows 1 1/2 turns, absence of organ of Corti, and hair cells more 
marked in basa‘ turn. B) This cochlear reconstruction shows a 19 1/2 mm cochlear duct compared with a normal one of 32 


mm. Hair cells.are present in apex and absent elsewhere. 


nective tissue filled the middle ear space. The facial nerve was ab- 
normal in appearance and location (adjacent to the round win- 
dow niche). Audio:og:cally, this patient’s hearing loss would be 
expected to manifest as a severe conductive and slight sen- 
sorineural hearing ‘os; because of the middle ear findings and 
especially because «f lack of function of both windows (no oval 
window and an obstructed round window). 


Left Ear, Findings cn this patient’s left side were essentially the 
same. Approximate y 1 3/4 cochlear turns were seen. 


CASE 5 


This male patien! died at 50 years of age and was known to be 
“deaf” since birth. The vestibular bony and membranous 
labyrinth appeared normal; however, the characteristic 1 1/2 


cochlear turns were seen. Organ of Corti lesions were more 
noticeable towards the apex associated with aplasia of the spiral 
ligament although basal turn lesions existed also. Mild changes of 
chronic otitis media were seen in the middle ear. Hearing loss in 
this patient was explained primarily on the basis of cochlear end- 
organ findings. 


CASE 6 


This female patient died at 78 years of age and was considered 
to be “deaf” since birth. Deafness was associated with speech ab- 
normalities. 


Right Ear. The osseous labyrinth on the right side was normal 
with the exception of a missing bony interscalar septum between 
the basal and middle turns. Slight serous otitis media was seen in 
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Fig. 2. (Con't.) C) Audiogram shows slight low tone residual hearing, 73) Barographic reconstructions of lesioxs of hair 
cells, ganglion cells, stria vascularis, tectorial membrane, and organ cf Ceri. 


the middle ear. Artifacts due to shrinkage were noted. Utricle and 
canals appeared normal and the endolymphatic duct and sac also 
apeared normal. The saccule was aplastic with evident blue- 
staining concretions. The organ of Corti, stria vascularis and 
spiral ganglion cells were markedly aplastic or missing throughout 


(Fig. 4). 


Left Ear, The findings on the left temporal bone were the same 
as on the right with the following exceptions. The bony cochlear 
defect was not marked, the endolymphatic duct appeared larger, 
and slight apical hydrops was noted. 


From these findings profound hearing loss is best explained on 
the basis of dysplasia of the pars inferior or cochleosaccular 
dysplasia of Scheibe’s type. 


CASE 7 


The most remarkable cochlear findings in this series were seen 
in this female patient who died three days after birth with several 
deformities including severe anencephaly with markedly 
diminished brain tissue. 


Right Ear. On the right side the vestibular osseous labyrinth 
contained all three semicircular canals which were enlarged. 
There was not an identifiable bony cochlea; rather a large 
vestibular space or cloaca existed containing clearly visible organs 
of Corti in several peripheral locations. Sparse neural elements 
were seen in association. Membranous labyrinthine septae were 
seen but an identifiable saccule or utricle was not. There existed a 
small middle ear, ossicles were abnormal and the stapes was par- 
tially missing. There was no round window (Fig. 5). 


Left Ear. Findings in the left temporal bone were similar to 
those on the right. Interpretation was complicated by artifact due 
to trauma in removing the specimens. 


Had this patient survived (if such were possible) profound sen- 
sorineural hearing loss could easily be explained on the basis of 
cochlear findings. However, middle ear pathology would have 
compounded the hearing problem leading to additionally 
manifest “sensorineural hearing loss.” 


DISCUSSION 


O: the cases (12 ears) assessed, the following in- 
terpretacion of summarized aggregate findings in- 
clude: absent vestibular labyrinth (semicircular 
canals and vestibule) with absent associated neural 
element: (5 ears); 1 1/2 or fewer cochlear turns (11 
ears); large endolymphatic duct and sac (6 ears); 
organ af Corti lesions sufficient to explain sen- 
sorinearal hearing loss (7 ears); middle ear changes 
sulficiect to cause conductive or “seasorineural” 
hearing fosses (8 ears). 


It wes surprising to see total aplasia of the 
vestibu.ar labyrinth (pars superior) and nerves in so 
many ezrs (5 out of 12). It is well known that the 
pars superior (semicircular canals and utricle) are 
phylogeaetically older than the pars iaferior (sac- 
cule anc cochlear duct). These finding: are at var- 
iance with the time-tested rule that embryology 
mirrors. phylogeny or that the older a structure is 
phylogemetically the more resistant it is to devel- 
opment] defects. What we commorly find are 

lear congenital lesions with preservation of 
vestibular function. Moreover, these uausual cases 
of aplasia of the vestibular labyrinth provide a 
unique «apportunity for vestibular physiologists to 
study equilibrium problems or lack thereof in such 
patients. Enlarged semicircular canals were seen in 
other patients, another subject for further observa- 
tion and study. 


Characteristically, Mondini patients demonstrate 
a shorter cochlear duct, that is 1 1/2 instead of 2 1/2 
turns. Ten out of 12 ears showed such a shortened 














Fig. 3. (Case 4) A) Midmodiolar view shows 1 1/2 turns with normal-appearing organ of Corti. Utricle and the lateral 
canal are seen to the right. B) The middle ear space did not develop and is filled with bone and connective tissue and cartilage 
(C). The utricle (U) and lateral canal (LC) are normal. Arrow points to the site where the oval window and stapes should 
have developed but did not. ME - Middle ear. 





the basal and middle turn (arrow), The organ of Corti and ganglion cells ar? missing throughout. B} Saccule (5) is abnormal 
due to dysgenesis compared to a normal-appearing utricle (U). 


Fig. 4. (Case 6) A) Midmodiolar view shows full 2 1/2 cochlear turns with a missing bony interscalar septum between 








Fig. 5. (Case 7) A) Cochlear space (C), utricle (U) and internal auditory canal (IAC) are seen. Arrow points to an organ 
of Corti. B) Organ of Corti seen on closer view appears normal. 
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Fig. 5. (Con't.) C) Four peripherally located organs of Corti (arrows) axe identified. Internal auditory canal (IAC) and 


vestibular nerve (VN) are also noted. 


cochlear duct. Two out of 12 contained a missing 
bony interscalar septum which could have been 
misdiagnosed as Mondini’s deafness by poly- 
tomography whereas Schiebe’s deafness was found 
to explain the hearing loss. Two of these ears (case 
7) contained no cochlear turns but an even more 
rudimentary single common cochlear space. Surely 
this genetic lesion was more profoundly initiated 
earlier in the first trimester. 


In this series, end-organ cochlear lesions and 
associated neuronal deficiencies interpreted as be- 
ing sufficient to account for a serious sensorineural 
hearing loss were seen in seven ears. However, two 
of these (case 6) were Scheibe’s deafness with which 
a full compliment of cochlear turns was seen histo- 
logically. Thus 5 ears of 10 with a shortened coch- 
lear duct contained end-organ lesions or there were 
5 ears where the cochlear labyrinth otherwise ap- 
peared normal. In these later ears, many specula- 
tions or interesting questions can be raised relative 
to inner ear hydrodynamics, traveling wave phe- 
nomena, frequency range, pitch perception, etc. If 
other temporal bone anatomical and physiological 
conditions were normal, would these cochleae func- 
tion normally? Abnormally? Why and how? 
Unfortunately, as this study demonstrates, middle 


ear pathological factors can complicate inner ear 
transmission and function. Otherwise, these cases 
provide an interesting model for auditory physiol- 
ogists to study. One further thought is that these pa- 
tients, p operly selected and screened, may become 
excellent cochlear implant candidates in the future. 


In taese patients in whom organ of Corti lesions 
were fo.ad the characteristic finding was aplasia of 
part or all of the organ of Corti more apparent 
towards the basal turns. Lesions in the upper turns 
were also seen. These lesions were usually accom- 
panied by absence of neural elements (ganglion cells 
and nerves). The stria vascularis and spiral liga- 
ment generally appeared normal as did the position 
of Reissrer’s membrane, 


In Mezdini’s deafness, middle ear pathology can 
affect immer ear function and may result in an ap- 
parent “sensorineural hearing loss” audiologically. 
A Mondai deformity may be associated with ab- 
sence of the oval and round window along with 
other ar_astic lesions of the middle ear (eg, cases 1 
and 4). such loss of preferential sound conduction 
to and chase differential at the windows could be 
expeetec to result in an apparent or manifest sen- 
sorinearal hearing loss although the sensory struc- 
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tures of the cochlea appear normal. According to 
studies with cats. it has been suggested that non- 
function of both windows would account for not 
more than 20 dB of an apparent sensorineural hear- 
ing loss.'® Aplasia of middle ear structures can cause 
a conductive hearing loss in combination with sen- 
sorineural hearing loss in Mondini’s cases. 

As this study and other studies have shown, a 
large endolymphatic duct and sac are often seen in 
Mondini’s cases. As we see in this series, this can be 
true even in the absence of a vestibular labyrinth 


whereas the opposite might be expected. The utri- 
culoendolymphatic valve is usually deficient or 
missing and there often exists a direct and large 
communication between the endolymphatic sac 
and the scala media. Endolymphatic hydrops or 
Reissner’s collapse were not seen in this study and 
the stria vascularis generally appeared intact. So in 
spite of these, in some instances, grossly abnormal 
findings, conditions appear suitable for an opera- 
tional longitudinal flow theory as regards en- 
dolymph. 
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concurrently, when indicated, with analgesics, anti- 
histamines, expectorants and antibiotics. 


CONTRAINDICATIONS: Sympathomimetic 
amines are contraindicated in patients with severe 
hypertension, severe coronary artery disease, and in 
patients on MAO inhibitor therapy. Patient idiosyn- 
crasy to adrenergic agents may be manifested by 
insomnia, dizziness, weakness, tremor or arrhyth- 
mias. 

Children under 12: Sudafed S.A. Capsules should 
not be used in children less than 12 years of age. 

Nursing mothers: Pseudoephedrine is contraindi- 
cated in nursing mothers because of the higher than 
usual risk for infants from sympathomimetic amines. 

Hypersensitivity: This drug is contraindicated in 
patients with hypersensitivity or idiosyncrasy to sym- 
pathomimetic amines. 


WARNINGS: Sympathomimetic amines should be 
used judiciously and sparingly in patients with 
hypertension, diabetes mellitus, ischemic heart dis- 
ease, increased intraocular pressure, hyperthyroid- 
ism, and prostatic hypertrophy. Sympathomimetics 
may produce central nervous stimulation with con- 
vulsions or cardiovascular collapse with accompany- 
ing hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: The safety of pseudoephedrine 
for use during pregnancy has not been established. 

Use in Elderly: The elderly (60 years and over) are 
more likely to have adverse reactions to sympathomi- 
metics. Overdosage of sympathomimetics in this age 
group may cause hallucinations, convulsions, CNS 
depression, and death. Therefore, safe use of a 
short-acting sympathomimetic should be demon- 
strated in i individual elderly patient before con- 
sidering the use of a sustained-action formulation. - 


PRECAUTIONS: Pseudoephedrine should be 
used with caution in patients with diabetes, hyper 
tension, cardiovascular disease and hyper-reactivity 
to ephedrine. 


® ADVERSE REACTIONS: Hyper-reactive indi- 

viduals may display ephedrine-like reactions such as 

"a tachycardia, palpitations, headache, dizziness or nau- 
sea. Sympathomimetic drugs have been associated 

° e with certain untoward reactions including fear, anxi- 


ety, tenseness, restlessness, tremor, weakness, pallor, 


° respiratory difficulty, dysuria, insomnia, Joe ct 
tions, convulsions, CNS depression, arrhythmias, 

pseu oep C ri | le IC PO | | Io and cardiovascular collapse with hypotension. 
DRUG INTERACTIONS: MAO inhibitors and 
pr a f | beta saat blockers increase the effects of pseu- 

a+r doephedrine (sympathomimetics). 
For relief OF nasa Sie E N may reduce e antihyperten- 
. : sive effects of methyldopa, mecamylamine, reserpine 
and SINUS congestion and veratrum alkaloids. 

. ie x DOSAGE AND ADMINISTRATION: One cap- 
without drowsiness sule every 12 hours. Do not give to children under 12 


years of age. 


m contains no antihistamine, aspirin HOW SUPPLIED: Sudafed S-A. is available in 


Sudafed S.A. 
ef 








This beautiful japar ese garden is 
actually located in tae 

Botanic Gardens in Brooklyn, 

New York. Whether your patient 

is visiting Kyoto or saving at home, 
it's good to knay SUDAFED S.A. 
can give dependable 12-hour relief 
of nasal and simus ccngestion. 





scetaniinephe capsules of 120 mg (clear red top and clear body) with 
or ere hen Wellcome code HOP, bottle of 100. 
| freer breat ing and eustachian Sudafed is also available in forms other than 
. sustained action: tablets of 30 mg sugar-coated (red), 
tube patency restor ed with box = ra ta ie 100 and 1000; cae of 60 mg 
eft afi sative i scliont.— scored (white) with Wellcome ID. code imprint SFA, 
a SID gle, effec uve ingredient bottles of 100 and 1000; syrup 30 mg per 5 cc, bottles 
pseudoephecrine HC] of 4 fl. oz. and | pt. 
Unit of Use: Tablets of 60 mg—Bottle of 100 with 
a convenient b.i.d. dosage helps child-resistant cap. 
encourage patient compliance *Virtually without pressor effect in normotensive 
eh : eat patients. Use with caution in hypertensives. 
m available with your prescription poreo 


. ~ p paq? Sg. % Burroughs Wellcome Co. 
a also available: Sudafed” 60 mg 2 BR = Research Triangle Park 


tablets “eco North Carolina 27709 
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THE BEST ALLERGY 
KIND YOUR PATIENTS CAN'T FEEL. 
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Many of today’s major antihistamine/decongesSiants are effective in reliev- 
ing symptoms of seasonal allergic rhinitis. Ur fortunately, however, they 
may also add some unpleasant sympooms of their own. 





Among major national brands, 


onl 


Na decon antihistamine decongestant 


combines two antihistamines from 
two chemical classes, as well as 

two decongestants, for maximum 
relief and minimum s‘de effects. 








A Class 1 (ethanolami 
lasting antihistami 
pheny 


And a unique tablet designed for eas 


Naldecon’s exclusive tablet design 
permits sustained action relief— 
even in half-tablet dosage! After 

the outer 


Phenylpropa 
prolonged d 


ylamine) for 
istamine drowsi- 
heniramine 







n2 for additional 
t action with little or 
Llation. 


y titrating and hours of sustained relief. 


layer rapidly dissolves for prompt 
effectiveness, the slow-release in- 
ner core provides additional hours 
of relief. 


Naildecon 


antihistamine/decongestant 
Symptomatic relief, with less chance of feeling the medication. 


NALDECON"” (phenylpropanolamine HCl, phenylephrine 
HCl, phenyltoloxamine citrate, chlorpheniramine maleate). 
For complete information consult Official Package Circular. 
CONTRAINDICATIONS: Sensitivity to any of the ingredi- 
ents. PRECAUTIONS: This preparation may cause drowsi- 
ness, The patient should be cautioned against engaging in 
operations requiring alertness, such as driving an automo- 
bile, operating machinery, etc. Individuals with high blood 
pressure, heart disease, diabetes mellitus, thyroid disease, 
glaucoma, peripheral vascular disease, or prostatic hyper- 
trophy, should use only as directed by a physician. USUAL 
DOSAGE: Tablets—Adults and children over 12 years: 1 


tablet morning, midafternoon and evening. Che dren 6 to 12 
years: 1/2 tablet on same schedule. Adult S-rup—Adults 
and children over 12 years: 1 teaspoonful (5 ma.) every 3 to 
4 hours, not to exceed 4 teaspoonfuls in 24 hcurs Children 
6 to 12 years: 1/2 teaspoonful every 3 to 4 ours, not to 
exceed 2 teaspoonfuls in 24 hours. Pediatr > Crops and 
Pediatric Syrup— Recommended single dossgjes of Pedi- 
atric Syrup and Pediatric Drops may be com eniently ad- 
ministered as follows: Pediatric Drops—é to € months: 1/4 
dropperful (0.25 ml.) 6 to 12 months: 1/2 droprerful(0.5 ml.) 
1 to 6 years: 1 dropperful (1.0 ml.) Pediatric S rup—6 to 12 
months: 1/2 teaspoonful (2.5 ml.) 1 to 6 years: teaspoonful 


(5.0 ml.) 6 to 12 years: 2 teaspoonfuls (10.0 ml.). Doses 
should be administered every 3 to 4 hours, not to exceed 4 
doses in any 24 hour period. SUPPLIED: Naldecon Tablets, 
bottles of 100's and 3500's; Naldecon Syrup, 16 oz. bottles: 
Naldecon Pediatric Syrup, 16 oz. bottles; Naldecon Pediat- 
ric Drops, 20 mi. bottle with dropper. 


IM ©1980 BRISTOL LABORATORIES 
BRISTOL Civision of Bristol-Myers Company 
Syracuse, New York 13201 





Does the Child Hear? 
In many cases, only the ABR can tell. 


Infants, young children, | 
retarded indivituals, and 
other non-commn unicative 
patients cant accurately 
describe their hearing. 
The auditory brainstem 
response (ABR+ is a 
sensitive tool fer 
objectively identitying 
and diagnosing hearing 
disorders in sueh persons. 
It provides exact 
information about the 
functional status of the 


y 





diagnosis of acoustic 
tumors. 

In short, the ABR 
technique can serve as a 
significant and valuable 
tool for the otologist and 
audiologist. 


A complete system 
from Nicolet, the 
established leader in 
ABR Instrumentation. 


The Nicolet CA-1000 is a 
complete, clinically-proven 


| system for recording 
evoked potentials. Its 
ease of operation and 
portability make it ideal 
for clinical use. Nicolet’s 
l4 years of leadership 
in evoked potential 
technology provide the 
CA-1000 user with an 
unequalled support 
system, including regional 
sales and service, On-site 
training, and workshops on 
recording techniques and 
diagnostic applications. 
Please phone or 
write for further details 
or to arrange for a 
demonstration. 


cochlea and brainstem 
pathways that cannot be 
obtained by ou er tests, 
behavioral or prysiologic. 
It is a reliable method 
for measuring hearing 
threshold. Further, the 
technique distinguishes 
recruiting from 
non-recruiting osses, 
and retrochoch ear from 
peripheral diso-ders. 


Pediatric Evaluation 





aT ġa 

AA ! 
The ABR can be rapidły and conveniently measured in the clinic 

or at the bedside. Click stimuli delivered through earphones elicit 


the ABR, which is measured from electrodes placed on the patient's 
head. 
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assessing other hard-:o-test 
children. Such early 
determinations allow 
proper management, 
ensuring normal linguistic 
| skill development. 


Acoustic Tumor 


The ABR is especially Detection 


valuable in screening 
high-risk infants, testing 
infants with congenital 
malformations, and in 





With proper 
interpretation, the ABR is 
an efficient test in the early | 








Sensorineural 
Recruiting 
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Wave V Latency (Milliseconds) 


H= z AAC 


Stimulus Intensity (decibels) 





Curves of wave V latencies as a function of intensity. Curves 
obtained from hearing-impaired patients differ from the normal 
curve. These differences determine both magnitude and type of 
hearing loss. 


A typical series € f ABRs measured at varying click intensities. 
Each ABR is the summation of responses from 2000 click stimuli. The 
individual waves represent the sound-induced neural activity as it 
ascends the auditory pathway. The weakest click that produces a 
wave V response establishes the hearing threshold. 
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ANNOUNCING 


athfinder 


An innovative approach 


to electrodiagnostics from 
the leader in evoked 
potential instrumentation. 


See how Nicolet is shaping the future op signal processing at the 
American Academy of Otolaryrezology meeting 


in Anaheim, September 28 thru October 2. 
N iT- c NICOLET BIOMEDICAL 
A Division of Nicolet Pistrument Corporation 


5225 Verona Road / Madison, WI 53711 / 608/271-3333 / Telex: 910-286-2711 





Exclusive from Xomed 





Xomed now offers advanced technology in the field of rhinology with its improved 
Denver External Nasal Splint.* Designed for effective stabilization and immobilization of bony 
segments after nasal surgery or trauma, it can be applied in less than two minutes. The Xomed 
Denver Splint™ ofters these advantages over previous techniques of external nasal stabilization: 


e Aesthetically designed e More comfortable for the patient 
e Aids in reducing postoperative edema e Malleable, trimmable and available in two 








sizes for universal fit 

è Patented combination of Velcro® and 
aluminum with adhesive backing allows for 
secure, accurate placement 

e Water resistant 

è Provided in kit form with all ancillary 
products needed for application 
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Velcro® is a registered trademerk of American Velero Inc. 
Denver Splint™ is a twademuark of Denver Splint Company 
© 1980 Xomed Inc. 

"U.S. Patent No. 4, 153, 051 


For additional information o- the name of your Xomed Sales 
Representative call (800) 874-5797 (in Florida call (904) 
737-7900 collect); TW (S10) 827-6439; or write Xomed 
Inc., 8641 Baypine Road, Jacksonville, Florida 32216. 


EF SUMMARY 
JICATIONS: Relief of nasal 
igestion or eustachian 

xe congestion. May be 

en concomitantly with 
algesics, antihistamines, 
yectorants and antibiotics. 


NTRAINDICATIONS: Pa- 
its with severe hyperten- 
m, severe coronary artery 
ease, and patients on MAO 
ibitor therapy. Contraindi- 
ed in patients with hyper- 
asitivity or idiosyncrasy to 
1pathomimetic amines 

ich may be manifested by 
omnia, dizziness, weak- 

ss, tremor or arrhythmias. 


-hildren under 12: 
should not be used. 


Nursing Mothers: 
-ontraindicated because 
»f the higher than usual 
isk for infants 


ARNINGS: Use judiciously 
d sparingly in hyperten- 
n, diabetes mellitus, 
nemic heart disease, in- 
ased intraocular pressure, 
serthyroidism or prostatic 
dertrophy. See, however, 
mtraindications. Sym- 
shomimetics may produce 
S stimulation with convul- 
ns or cardiovascular col- 
se with accompanying 
sotension 


Do not exceed 
recommended dosage. 


2 in Pregnancy: Safety has 
t been established. 


> in Elderly: The elderly 

) years and older) are 

re likely to have adverse 
actions to sympathomi- 
‘tics. Overdosage of sym- 
thomimetics in this age 
Xup May cause hallucina- 
ns, convulsions, CNS de- 
əssion, and death. Safe 

> of a short-acting sym- 
thomimetic should be 
monstrated in the indi- 
lual elderly patient before 
nsidering the use of a 
stained-action formulation 


ECAUTIONS: Patients with 
abetes, hypertension, car- 
vascular disease and 
perreactivity to ephedrine. 


VERSE REACTIONS: Hyper- 
active individuals may dis- 
ay ephedrine-like reac- 

ns such as tachycardia, pal- 
ations, headache, dizziness 
nausea. Sympathomimetics 
ve been associated with 
rtain untoward reactions 
‘-luding fear, anxiety, tense- 
ss, restlessness, tremor, 
2akness, pallor, respiratory 
ficulty, dysuria, insomnia, 
llucinations, convulsions, 

iS depression, arrhythmias, 
d cardiovascular collapse 
th hypotension 


RUG INTERACTIONS: MAO 
hibitors and beta adrener- 
z blockers increase the ef- 
cts of pseudoephedrine. 
mpathomimetics may re- 
ice the antihypertensive 
‘fects of methyldopa, 
2camylamine, reserpine 

d veratrum alkaloids. 
\UTION: Federal law pro- 
dits dispensing without 
escription. 

2e package literature 

PDR for prescribing 
formation.) 
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For relief of nasal and eustachian tube congestion 


pseudoephedrine HCI 


120 mg controlled--elease decongestant 


fective relief of congestion. 
Starts with the first hour... 
continues for 12 full hours. 
Without drowsiness. 












Just one capsule every 12 hours. 
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“A BRIGHT NEW DAY” 


symptcmatic relief in nasal congestion associated 
with the common cold, in sinusitus, in hayfever 
and other allergies. 


References: 1.Grcllman, A., “How Drugs Work; The antihistamines,” Consultant, Volume 14, No. 8: pp 
102-104, 1974. 2. Martindale: The Extra Pharmacopoeia, 26th Edition: pp 1537, 1559-1560, The 
Pharmaceutical Press 1972. 3. Osol, A., Pratt, R., and Altschule, M.D.: The United States 
Dispensatory and Physicians’ Pharmacology, 26th Edition: p 884, J.B. Lippincott Company 1967. 4. 


Drills’ Pharmacology in Medicine, 4th Edition: p 1007, McGraw-Hill Book Company 1971. 


EACH NOLAMINE TABLET CONTAINS: 


PHENINdAMING lalate... cai cdddadeaceecs 24 mg. 
Chlorpheniramine maleate .............. 4 mg. 
Phenylpropanolamine hydrochloride ..... 50 mg. 


Formulated to provide 8 to 12 hours of continuous 
relief. 


DOSAGE: Usual adult dose: Orally, one tablet every 
8 hours. In mild cases, every 10 to 12 hours. 


CAUTION: Federel law prohibits dispensing without 
prescription. 


S/DE EFFECTS: Drowsiness, tremors, dizziness and 
nervousness may occur occasionally. 


PRECAUTIONS: Antihistamines may cause drow- 
siness and should be used with caution in patients 
who operate motor vehicles or dangerous 
machinery. Use with caution in patients with 
hypertension, hyperthyroidism or cardiovascular 
disease. 


PACKAGING: Bottles of 50 and 250 pink timed- 
release tablets. 


CARNRICK LABORATORIES, INC. 
Pharmaceu ticals since 1899 
65 HORSE HILL ROAD, CEDAR KNOLLS, NJ 07927 l 
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Entire Larynx and Nawopheryes E Examined in i c 
Larger Area Seen in One Viewing Field. 
Magriied View—-More Detail Observed o 
Exar ination Is Completed More ae, 8 
MoresConvenienceforPatient == 
anne Fog System Is Incorporated intor 
Ideaiifo Out-Patient or Office Proced ar 
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A Tradition of Leadership in 
Craftsmanship and Design 





w Docsaneritation Equipment—Stit, Cine or orT TV. cS 


References: Ward, PH. Berci, G, and Calcaterra, TC: Advances in Endoscopic Examination athe Res 


Nov/Dec 1974, p 754. Berci, G, Calcaterra, TC. and Ward, PH: Acvances in Endoscopic Temeriques for Examination of the Larynx and Naso 
Otolaryngol, Vol 4, No 5, 1975. pp 786-792. Jung, H: Moderne photo-endoskopische Untersuctwegsmethoden des Nasen-Rachenraumes: ia) 


Available Flim: Endoscopic Examination of the Larynx and Nasopharynx, Ward. PH. and Bers: G. 9 min, 16-mim ofr Super-8 Cassett 


piratory Systemi: Ann Oto! Rhinol Laryngol y Vol 83, 83, No 6. : oS 





Karl Storz Endoscopy—America, Ine. 
658 South San Vicente Blvd., Los Angeles, Ca, 90048 
eeann anana 


FOR TOLL FREE SERVICE a 800-421-0837 
{Except California) in California CALL (213) 651-1068 
ananman sitters, 





Gentlemen: 


[] Please send me further information. [{] Please have a 
Karl Storz Representative phone me for an appointment. 


Thank you. 
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Diseases of the External Ear 

An Otologic-Dermatologic Manual lg 
Second Edition 


By BEN H. SENTURIA, M.D., MORRIS D. MARCUS, M.D., and 
FRANK E. LUCENTE, M.D. 


DISEASES OF THE EXTERNAL EAR: An Otologic- 
Dermatologic Manual reflects the many years of teaching and 
clinical experience of the authors in the fields of otology and 
dermatology. This book provides an integrated otologic and 
dermatologic background for an understanding of the mani- 
fold and diverse diseases which affect the external ear, exam- 
ining and illustrating clearly the anatomy and histology of the 
external ear. It revicws the techniques for examination, de- 
scribes and illustrates in 220 color and 90 black and white 
illustrations the diagnosis of the common and the unusual 
diseases and disorders which affect the ear. Detailed and 
specific recommendations for prophylaxis and therapy are 
provided. This useful handbook will help all medical practi- 
tioners—from otologists and dermatologists to pediatricians 
and family practitioners—manage diseases of the external 
ear. 

CHAPTER HEADINGS: Anatomy and Histology. Tech- 
niques of Examination. Principles of Therapy and Prophy- 
laxis. Diseases Due to Infection. Psychocutancous Diseases. 
Allergic Diseases. Discases Due to Trauma. Foreign Bodies 
(Vegetable, Mineral and Animal). Geriatric Changes. Meta- 
bolic and Endocrine Disorders. Discases of Unknown Etiol- 
ogy. Malformations. Cysts, Tumor-like Lesions and Tumors. 
Appendices. Index. 


1980, 204 pp., illus. $30.00 ISBN: 0-8089-1249-6 
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GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI 7DX 


Pease send me the following: Expiration Date: Month Year 








Shae ss oun ca on a cs ae se ek sec sme enn San en Sm TUE AS a a OO a a en ck a cS en OO a TO OO OO OD WU DU OD 


copies, Senturia: Diseases of The Ex- 
ternal Ear, $30.00 


Please check one box: 

[C Payment enclosed (Free postage and 
handling. Add applicable sales tax.) 

C Visa 1] Master Charge” 

C American Express m Diner's Club 

Charte Card Nüssen 


NAM E resan 
{please print} 

AFFILIATION 

ADDRESS mmm 

CITY/STATE/ZIP 











rnonarasssassaruraunant esnepaanasnaras assay giana suse! Ardy LARAUAAsALARCAt An 
et atte Bete lie ett Rane rT SARE TS Rt in n arcanum yore 


“For Master Charge include the numbers 
that appear above your name... 


Your Sim UT Ciao ee 


On prepaid orders, payment will be re- 
funded for titles on which shipment is 
not possible within 120 days. Prices are 
in U.S. dollars and subject to change 
without notice. 





rhe ce teal rhea As HARARE RRLARIHIMRRRRU iai arin 





[] Please check if you are & Grune & Stratton or Academic Press 


Author. 


Direct all orders to Georgia Phillips, Media Dept. 


AOIRiLa 


ee ee ee ee et eee eee ANNE 


New From Xomed 





MICRO-CRAFT 


Instruments for Microsurgery 





To meet the exacting demands of todays microsurgeon, Xomed presents 
Micro-Craft™, a new line of high quality surgical instruments. Handcrafted 
in Europe, Xomed Micro-Craft™ Surgical Instruments feature: 


e Exacting balance between design and structural strength 

e Non-glare satin or black finishes to reduce visual strain 

e Wide variety of configurations and sizes 

e Micro-Craft™ Repair and Maintenance Program 
designed specifically for microsurgery 
instruments 





Micro-Craft™ Product Catalog available upon 
request © 1979 Xomed Inc. 


For additional information or the name of your Xomed 
Sales Representative call (800) 874-5797 (in Florida 
call (904) 737-7900 collect); TWX (810) 827-6439; 
or write Xomed Inc., 8641 Baypine Road, Jacksonville, 
Florida 32216. 





tha mart of ine ace sci MOST WIDELY PRESCRIBED—Antivert is the most widely pre- 
brigantine, “Young America’ scribed agent for the management of vertigo’ associated with 
disease, labyrinthitis, and vestibular neuronitis. 


TIME RELIEF OF NAUSEA AND VOMITING—Antivert/25 can 
relieve the nausea and vomiting often associated with 
vertigo: 


VERTIGO DOSAGE FOR VERTIGO The usual adult dosage 


for Antivert/25 is one tablet t.i.d. 
MB BRIEF SUMMARY OF PRESCRIBING INFORMATION 

INDICATIONS: Based on a review of this drug by the National Academy of Sciences—National Research Council 

and/or other information, FDA has classified the indications as follows. Effective Management of nausea and 


diseases affecting the vestibular system such as Meniére’s 












vomiting, and dizziness associated with motion sickness. Possibly Effective: Management of vertigo associated with 
diseases affecting the vestibular system. Final classification of the less than effective indications requires further 
investigation. 








CONTRAINDICATIONS. Administration of Antivert (meclizine HCI) during pregnancy or to women who may become 
pregnant is contraindicated in view of the teratogenic effect of the drug in rats. The administration of meclizine to 
Ppregnantrats during the I2th-lSth day of gestation has produced cleft palate in the offspring. Limited studies using doses of 
over 100 mg/kg/day inrabbits and10 mg/kg/day in pigs and monkeys did not show cleft palate. Congeners of meclizine 
have caused cleft palate in species other than the rat. Meclizine HCI is contraindicated in individuals who have shown a 
previous hypersensitivity to it WARNINGS. Since drowsiness may, on occasion, occur with use of this drug, patients should 
be warned of this possibility and cautioned against driving a car or operating dangerous machinery. Usage in Children 
Clinical studies establishing safety and effectiveness in children have not been done; therefore, usage is not 
recommended in the pediatric age group. Usage in Pregnancy: See “Contraindications.” 

ADVERSE REACTIONS. Drowsiness ae mouth re on rare occasions, blurred vision have ROGCRIG o 
been reported. More detailed professional information available on request. 





A division of Ptłizer Pharmaceuticals 
New York, New York 10017 


ANTIVERT/29 FOR VERTIGO 


(meclizine HCI) 25 mg Tablets 





Ann Otol 89:1980 





BRAINSTEM AUDITORY EVOKED POTENTIALS FOR DETECTION 
OF RETROCOCHLEAR PATHOLOGY 


SAM E. KINNEY, MD RICHARD H. NODAR, MD 


CLEVELAND, OHIO 


Since May 1976 the techniques of brainstem auditory evoked potential (BAEF testing have been used as a clinical tool in evaluating 
patients with neurotologic disease in the Department of Otolaryngology and Cor-zuunicative Disorders at the Cleveland Clinic Founda- 
tion. A total of 676 patients was tested using this technique and included patients with primary otologic complaints as well as patients with 
neurologic disorders. Patients were evaluated with suspected multiple sclerosis, fæ threshold assessment, children at risk for possible sud- 
den infant death syndrome, brainstem gliomas, systemic neurologic or metabolic disorders, and the final group of 408 patients or 60% 
were tested for suspected eighth nerve lesions. In the group of patients studied for d®rection of an eighth nerve lesion, the BAEP test was ex- 
tremely useful if the result was found to be normal, for at the time of this report, nc patient with an eighth nerve lesion, such as an acoustic 
neuroma, had a normal BAEP test result. However, abnormal results in the BAE > test were found in approximately 34% of patients who 
underwent Pantopaque® myelography for definitive detection of an eighth nerve lesion in which the myelogram was normal. This un- 
usually high false-positive rate is thought to be the result of testing a different p tient population than those that have previously been 
reported in the literature. There still may be some eighth nerve pathology presents :owever, the results of the BAEP test which have been 
suggestive of an eighth nerve lesion remain unexplained at this time. The BAEP test is a very important part of the evaluation of patients 
with neurotologic disease; however, it is not sufficiently understood to eliminate i! « need for a complete work-up in patients suspected to 
have a retrocochlear lesion. 





INTRODUCTION results #2 patients for whom the test was used to 
detect 422 acoustic tumor, 5) compare the test for ac- 
Since May 1976 the techniques of brainstem curacy «ith other modalities of evaluation of poten- 
auditory evoked potential (BAEP) testing have been tial accoustic tumor patients, 6) evaluate the accur- 
used as a clinical tool in the evaluation of patients acy of BAEP testing as a screening tool for the detec- 
with neurotologic disease in the Department of tion of acoustic tumors, and finally, 7) discuss the 
Otolaryngology and Communicative Disorders at relation hip between BAEP and the need for other 
the Cleveland Clinic Foundation. The patient pop- diagnos- tests in what presently is a rather exten- 
ulation has included patients with primary otologic sive anc costly evaluation for this problem. 
complaints as well as patients with neurologic f 
disorders. The BAEP technique has been employed METHODS 
to evaluate patients who have suspected lesions in- 
volving the acoustic branch of the eighth nerve, The patient population included 676 patients tested with BAEP 


technique between May 1976 and Decernmber 1979 in the Depart- 
ment of @claryngology and Communicative Disorders at the 
Cleveland Clinic Foundation. The data were collected and 


such as an acoustic tumor in the internal auditory 
canal or cerebellopontine angle. Although it is 


believed that this technique is useful in evaluating analyzed aa a clinical computer of average transients (Nicolet 
patients for potential retrocochlear pathology, the CA-1000) Stimuli consisted of 2,000 100 msec clicks presented at 
authors were concerned that the test was not as an interve.-of 11.1 per second. The stimuli were presented at 65 


dB above threshold (SL) whenever the hearing in the test ear 


ifi ti usti i 
specific for detecting acoustic tumors as had been would al «w this level. In instances where the hearing loss was 


reported by other authors. Specifically, BAEP test sufficientlgreat that the SL was less than 65 dB, an appropriate 
results identified a larger percentage of patients correction was made in the latency determinations based on nor- 
with abnormal BAEP recordings who were not mative dw x collected in our own clinic and also as noted by Starr 


found to have a specific eighth nerve lesion, such as and Ache. Low and high band pass filters were set to allow fre- 
P g quency aralysis from 150 to 3,000 Hz, The analysis window was 


an acoustic ee Therefore, it was decided to set at 10 aasec and the sensitivity was set at +625 aV. Each ear 
review the entire series of patients tested with BAEP gastei awie: 
in order to evaluate its usefulness for detecting 


i ae , The BAEP test results were then assessed on the basis of the 
retrocochlear pathology in our clinical setting. 


seven cerieisa previously outlined by Nodar et al.? These include: 





This paper will 1) discuss the entire population of 1) peak ‘=tency, 2) intrapeak latency, 3) interpeak latency, 4) 
patients that have been tested, 2) break these pa- response E a sel Si 6) wave shape, and 7) peak 
‘ d tate ; presence. “hen looking at the acoustic tumor-suspect patient, we 
Hents down un categories of known neurologic specificall evaluated the BAEP using the criterion as outlined by 
disease, 3) give particular examples of the test Selters amd Brackmann,’ ie, the absolute latency of the Jewett 
results for specific neurologic problems, 4) evaluate wave V cesnpared to the same peak for the opposite ear. The ad- 


fares ‘Aired tte angie 


From the Department of Otolaryngology and Communicative Disorders, Cleveland Caic Foundation, Cleveland, Ohic. 
Presented at the meeting of the American Otological Society, Inc., Palm Beach, Fioricm, April 13-14, 1980. 
REPRINTS — Sam E. Kinney, MD, Cleveland Clinic Foundation, 9500 Euclid Avenues teveland, OH 44106. 
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TABLE 1. DISTRIBUTION OF TOTAL POPULATION 
TESTED WITH BAEP (N = 676) oo 


Ter naa ete terre 





Multiple scleresis 61] 
Threshoid assessment 73 
Sleep apnea 37 
Brainstem glicmas 9 
Systemic neurelogic or metabolic disorder 88 
Retrocochlear pathology 408 


justed Jewet: wave Y criteria as outlined by Selters and Brack- 
mann’ were used on the hearing in the test ear at 4,000 Hz. If the 
hearing loss in thetest ear at 4,000 Hz was above 50 dB, 0.1 msec 
was subtracted from the absolute Jewett wave V response and an 
additional 0.1 msec was subtracted for each additional 10 dB or 
fraction thereof. 


Posterior fossa myelography is considered the most definitive 
test for an acoustic neuroma if the CT scan is negative. The deci- 
sion to recommend Fantopaque myelography to a patient in our 
office is determined by the following criteria: the patient presents 
with a history of unilateral hearing loss, unilateral tinnitus, or 
dizziness anc is placed into a category of a possible acoustic tumor 
suspect. The patient has a complete basic audiogram performed 
including pure tope air and bone conduction, speech discrimina- 
tion, and tympanemetry including reflex decay testing whenever 
technically possible. The patient then undergoes electronys- 
tagmography, x-rays of internal auditory canals, and special 
audiometric tests. Based on the results of this initial evaluation, 
the patient then may have BAEP testing. All patients who have 
evidence of an enlarged internal auditory canal by x-ray continue 
further with the acoustic tumor evaluation. If the BAEP ‘est is 
normal, the patient may not be tested with posterior fossa 
myelography and is asked to return for further audiometric 
testing in approxiraately four to six months. If there has been con- 
tinued progression of hearing loss, the patient then proceeds with 
a CT scan and posterior fossa myelography. If the BAEP test is 
abnormal and there is one other portion of the work-up that sug- 
gests an aeoustic neuroma, a CT scan and posterior fossa 
myelography is reeoramended. 


In some patients suspected to have an acoustic tumor, the hear- 
ing in the involved ear was inadequate to perform BAEP testing; 
however, the test was completed on the opposite ear for the pur- 
pose of detecting contralateral effects on BAEP testing due to 
distortion of the brainstem by a large cerebellopontine angle 
tumor, as outlined by Nodar and Kinney.‘ 


A review of the patients tested with BAEP indicated that a 
number were fourd to have a suspicious or abnormal test result; 
however, the remainder of the neurotologic evaluation did not 
support a passible eighth nerve tumor and the evaluation did not 
continue. Taese patients did not have a CT scan and/or posterior 
fossa myelography. This group of patients will not be listed as 
_ false-positives in our series. We will determine our false-positive 
rate based only om whether or not a tumor was confirmed by CT 
scan or posterior fessa myelography. 


RESULTS 


In our total patient population 61 patients were 
tested who were being evaluated for neurologic 
complaints suggestive of multiple sclerosis (Table 
1). These patients were seen retrospectively after 
the diagnosis of multiple sclerosis had been made. 
We will discuss the findings in these patients later; 
however, at this point, BAEP testing is not the sole 
determinant in the diagnosis of multiple sclerosis. 
The patient population also included 73 patients 
seen for threshold assessment; 20 patients were 
tested under general anesthesia in the operating 


TABLE 2. DISTRIBUTION OF PATIENT POPULATION 
TESTED WITH BAEP SUSPECTED TO HAVE AN EIGHTH 


ee ae NERVE LESION (N = 408 


mannen 





Normal BAEP 265 
Abnormal BAEP — no myelogram 92 
Abnormal BAEP — normal hearing, no myelogram 10 
Abnormal BAEP — myelogram, no tumor 13 
Abnormal BAEP — CT scan, tumor present 20 
Abnormal BAEP — myelogram, tumor present 8 


room because of inability of the patients to be tested 
under sedation in the outpatient office; a small 
number of patients in this group were tested for the 
purpose of confirming a clinical diagnosis of 
pseudohypoacusis; 37 patients tested were diag- 
nosed at risk for sudden infant death syndrome 
(SIDS); 9 children were tested for the purpose of 
localizing brainstem gliomas as reported by Nodar 
et al;? 88 patients were tested because of systemic 
neurologic or metabolic disorders; 408 patients 
were tested in this series specifically for the purpose 
of identifying a possible retrocochlear lesion (Table 
2). In this group of 408, 265 were felt to have nor- 
mal BAEP test results. This represents 60% of the 
entire patient population. For 143 patients an ab- 
normality was found on the BAEP test based on the 
seven criteria outlined by Nodar et al.? When the 
correction factor for hearing loss at 4,000 Hz, as 
proposed by Selters and Brackmann,? was applied, 
or because there was insufficient evidence in the re- 
mainder of the tumor work-up, 92 of the 143 pa- 
tients did not proceed to CT scan and/or posterior 
fossa myelography. Of the remaining 51 patients, 
10 patients had an abnormal BAEP test using the in- 
teraural peak latency delay criteria of 0.2 msec, but 
because they had audiograms showing normal pure 
tone sensitivities and speech discrimination in both 
ears, they did not progress further to Pantopaque 
myelography. Twenty patients were found to have 
positive BAEP tests and were later confirmed to 
have an acoustic tumor by CT scan; 8 patients with 
positive BAEP were found to have a tumor by Pan- 
topaque myelography; 15 additional patients with 
confirmed acoustic tumors did not have BAEP tests 
performed either because of inadequate hearing in 
the involved ear or the diagnosis of an acoustic 
tumor based on a positive CT scan prior to the time 
that the patient was referred to our department. 
There were 13 patients who had a positive BAEP 
test result who had normal Pantopaque myelog- 
raphy. (This was out of a series of 51 patients who 
underwent Pantopaque myelography for investiga- 
tion of the internal auditory canals.) 


A review of the entire series of patients who 
underwent Pantopaque myelography (N=51) re- 
vealed that 13 patients did not receive BAEP testing 
on the basis of an enlarged internal auditory canal, 
retrocochlear audiometric findings, or positive find- 
ings in electronystagmography. Of the remaining 
38 patients who had BAEP testing and a Panto- 
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Fig. 1. The BAEP result from a patient with multiple 
sclerosis. The patient has a normal pure tone and speech 
discrimination audiogram. Note that on repeat testing 
there is poor response stability. 


paque myelogram, 13 had positive BAEP results 
based on the Selters and Brackmann’ criteria and 
were found to have a normal internal auditory ca- 
nal Pantopaque myelogram. This represents a false- 
positive rate for tumor of 34% in patients under- 
going Pantopaque myelography. We have yet to 
identify a patient with an acoustic tumor who had a 
normal BAEP test result. Thus, the false-negative 
rate in our series remains at 0%. In the entire series 
of 51 patients we identified eight patients with 
acoustic tumors, a 15.7% positive rate on identi- 
fying acoustic tumors by Pantopaque myelography. 


DISCUSSION 


The purpose of this paper is to assess clinical ex- 
perience over a period of 3 1/2 years using BAEP 
testing to evaluate patients for potential retro- 
cochlear pathology. In this series 61 patients were 
evaluated because of the clinical diagnosis of multi- 
ple sclerosis. Robinson and Rudge, report a 
significantly high correlation between abnormal 
findings in the BAEP of patients with multiple scler- 
osis. One finding is that of a rather significant de- 
crease in the response stability of the BAEP result 


(Fig. 1). 


Over 10% of the patients reported in this series 
received BAEP testing for the purpose of determin- 
ing auditory thresholds. Although the technique 
generally tells us more about the auditory threshold 
at 4,000 Hz and above, it has been an extremely 
useful clinical tool, particularly in patients who are 
unable to cooperate for an adequate behavioral 
threshold. We have found patients who have a pro- 
found sensorineural hearing loss, and in some in- 
stances we were able to determine that the hearing 
threshold was considerably better in one ear, thus 
allowing us to make an accurate decisison on which 
ear to place a hearing aid. A number of patients 
were evaluated because of suspected pseudohypo- 
acusis. Using BAEP, we were able to establish phys- 
iologic thresholds. 


Smsec 


Fig.. The BAEP result from a child felt to be at risk for 
sudder infant death syndrome. Note abnormality of 
Jewettwaves IH and II in the left ear; however, the laten- 
cies of «wett wave V are normal in both ears. This sug- 
“ele aa.zbnormality in the low brainstem left with normal 

earing: 


The acplication of BAEP testing in the area of the 
SIDS may represent one of the most significant 
develop saents of this test procedure.‘ There appears 
to be = predictable maturation of brainstem 
auditory evoked potentials in newborn infants.’ In- 
fants veth sleep apnea have been found to 
demonstzate abnormal BAEP results well beyond 
the ranae of what would be considered normal 
based 3 maturation of the newborn infant 
brainstem (Fig. 2). 


Final ~. BAEP testing has been extremely useful 
localizir-* central brainstem lesions, such as brain- 
stem gliwnas in children.’ 


The purpose of this report is to review BAEP 
testing æ Cleveland Clinic for the identification of 
retrococ: lear lesions involving the eighth nerve. 
Selters æd Brackmann’ reported their false-positive 
rate to be §& % in the detection of acoustic tumors in 
276 patients with unilateral hearing loss. They also 
noted a Slse-negative rate of 2.3% in patients with 
confirmex. acoustic tumors. Glasscock et al‘ 
reportec BAEP testing to be 98% effective in deter- 
mining te of lesion pathology; they also reported a 
false-nezative rate of approximately 2%. In this 
study. a significantly higher false-positive rate was 
found wich has significantly influenced the ap- 
plicatioa of BAEP testing in the evaluation of pa- 
tients fə- potential acoustic neuromas. Figure 3 
shows ths type of BAEP result listed as false-positive 
in our sevies. To date, we have not identified a pa- 
tient wii an acoustic tumor which was not predict- 
able usiag the BAEP test procedure. An example of — 
a patie: with a strong suspicion for an acoustic 
tumor wath a normal BAEP is shown in Figure 4. 
An attesypt to determine the reason for this ap- 
parent I gh false-positive rate lec to the observation 
that we ad not been compulsive in using the BAEP 
test in all patients with suspected retrocochlear 








sea 


were igz2red in our total evaluation based on an in- 


294 KINNEY-NODAR 





5Smsec 


Fig. 3. The BAEP result of a pen with symptoms sug- 


gestive of Menière’s disease in his right ear and a negative 


myelogram. Noze marked abnormality and prolonged la- 
tency of Jewett wave V in the right ear. This finding re- 
mains unexpained and is a false-positive result in our 
series. 


ordinate number of patients with markedly positive 
BAEP results wno were found to have normal Pan- 
topaque myelcgrams of the internal acoustic 
meatus. The test procedure had not been performed 
on every patient because of the cost and time 
scheduling pressures involved. Therefore, there is a 
relatively small sample size which may account for 
an abnormally nigh false-positive rate for acoustic 
tumors. 


An examination of the series of patients reported 
by Glasscock et al® reveals that their patients had a 
pure tone hearing loss that ranged from 11.5 to 75 
dB with a mean hearing loss of 56 dB in the suspect 
ear. Selters and Brackmann’ state that all of the 276 
patients included in the group demonstrating an 
8% false-positive rate had a unilateral hearing loss. 
In the present study, BAEP tests were performed on 
a large number of patients with normal pure tone 
thresholds and speech discrimination scores who 
had abnorma. findings on their BAEP results. Ten 
patients had a unilateral abnormal finding of the 
latency of the Jewett wave V suggestive of an eighth 
nerve lesion who otherwise had a completely nor- 
mal retrococh ear evaluation including normal pure 
tone, speech, and reflex decay testing, normal 
x-rays of the internal auditory canals, and normal 
electronystagmography. 


The series reported by Selters and Brackmann? 
and Glasscock? appear to be patient populations 
with a fairly strong suspicion for eighth nerve le- 
sions. However, the patient population, seen at the 
Cleveland Clinic Foundation includes patients with 
a broad spectrum of disorders who are undergoing 
BAEP testing ‘or reasons other than unilateral hear- 
ing loss. Consequently, we are encountering a 
greater number of unexplained abnormal BAEP 
findings. 


In the series of confirmed acoustic tumor pa- 
tients, nearly 50% had BAEP results which were 
not a significant factor in arriving at the diagnosis. 


625V 
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Fig. 4. The BAEP result in a patient with unilateral 
hearing loss and a wide internal auditory canal by x-ray. 
The myelogram showed filling of both internal canals. 
Note that the interpeak latency of Jewett wave V was not 


prolonged. The normal BAEP predicted that there was no 
eighth nerve lesion. 


A possible explanation of this is that the series of 
tumor patients is heavily weighted for large tumor 
patients, ie, more than 50% had tumors larger than 
2 cm when the patient presented. In many of the 
patients, the hearing was sufficiently poor to make 
the BAEP test not of value; however, results were 
similar to those described by Selters and Brack- 
mann? in the large tumor series. In an earlier study, 
the authors reported on 13 patients with abnormal 
BAEP results contralateral to the side involved. In 
all of these patients, the tumors were larger than 2 
cm, suggesting that the BAEP test may be useful in 
assessing brainstem compression by a cerebellopon- 
tine angle lesion. However, it is important to note 
that abnormal findings contralateral to the sus- 
pected ear may represent the presence of an eighth 
nerve lesion in the contralateral ear. 


SUMMARY 


Results of this review of 3 1/2 years’ experience 
using the BAEP test to detect retrocochlear patholo- 
gy indicate that the technique is useful in the 
evaluation of patients with suspected brainstem 
pathology, including patients with multiple sclero- 
sis, sleep apnea, and patients with space-occupying 
lesions of the brainstem. The test is also useful in the 
evaluation of patients for whom we could not other- 
wise obtain reliable behavioral auditory thresholds 
including patients with pseudohypoacusis. 


The accuracy of this test in detecting eighth nerve 
lesions, specifically the acoustic neuroma, has been 
somewhat different than previously reported in the 
literature. The data suggest a fairly high false- 
positive rate in the neighborhood of 34% in detect- 
ing lesions involving the eighth nerve. This may be 
partially a function of inadequate sample size, but 
also may be influenced by the differences in patient 
populations undergoing the BAEP test. No patient 
in this series with normal BAEP test results was 
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found to have a cerebellopontine angle or eighth 
nerve tumor. This alone has made the test extremely 
useful, for if the patient’s BAEP test result is nor- 
mal, we can feel quite comfortable that we have not 
overlooked an eighth nerve tumor. 


In conclusion, BAEP testing is an extremely use- 
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ful clini al tool in a neurotologic practice; however, 
its speeificity for identifying eighth nerve lesions 
does ne eliminate the need for a complete evalua- 
tion irchiding audiologic testing with tympano- 
metry acd reflex decay testing, radiographic evalu- 
ation o the internal auditory canals, and an evalua- 
tion of tze vestibular system. 
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NINCDS NOTES* 


NEW PROGRAM DIRECTOR NAMED FOR COM PEUNICATIVE DISORDERS 


Dr. Ralph F. Naunton has been named director of the Communicative Desarders Program, National Institute of Neurological and 
Communicative Disorders and Stroke. In this post he will oversee a $28 million 2rogram of extramural grants and contracts to support 
research on speech, language, and hearing disorders, their medical and surgical t--atment, and approaches to rehabilitation. Dr, Naunton 
received B.S. and M.B. degrees in 1945 from the University of London and served his residency in ear, nose, and throat medicine and 
surgery at University College Hospital, London. He is certified by the Americar @oard of Ophthalmology and Ctolaryngology and has a 
similar certification in audiology from the American Speech and Hearing Assoeiacion. 


~ *This column is prepared monthly by the Office of Scientific and Health Reports, Natiimeal Institute of Neurological and Communicative Disorders and 
Stroke. For further information, write or call Carolyn Holstein, NINCDS/OSHR, NIH Becz. 31, Room 8A-16, Bethesda, MD 20014. (301) 496-5751. 
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ACOUSTIC REFLEX LATENCY TEST IN THE EVALUATION OF 
NONTUMOR PATIENTS WITH ABNORMAL BRAINSTEM LATENCIES 


JACK D. CLEMIS, MD CYNTHIA N. SARNO, MA 


CHICAGO, ILLINOIS 


The acoustic “eflex latency test (ARLT), an indirect measure of neural conduction time utilizing the electroimpedance method, was 
used to evaluate 43 highly suspect, nontumor patients who demonstrated abnormal latency results on brainstem electric response 
audiometry (BER), false-positive for tumor. Normative values and criteria for tumor- positive ARLT results were established on a control 
group using a second generation test unit, comprised of dual impedance bridges and a digital signal averager, designed especially to per- 
form the ARLT. When cut-off criteria for both absolute reflex latency and interaural latency difference (ILD) values were applied to this 


BERA false positie dopulation, the ARLT correctly identified 93% of patients as having end-organ lesions. Differences in ARLT and 
BERA test results zre attributed to differences in 1) method of measurement, 2) characteristics of the eliciting signal, and 3) generation of 


the response. These factors are discussed as sources of variability. Both ARLT and BERA are recommended as tandem procedures when 


screening for acowtic or angle tumors. 


INTRODUCTION 


The otologic focus on acoustic tumors initiated by 
William House in the early 1960s has resulted in the 
evolution of ar armamentarium of diagnostic tools, 
so finely devele ped that it is now possible to identify 
tumors as sma] as a few millimeters in size. While 
most techniques are noninvasive, certain radio- 
graphic studies remain invasive with some degree of 
associated risk. Definitive presurgical diagnosis is 
still radiographic. It is, therefore, important to 
temper radiographic referrals with a careful neuro- 
tologic evaluat on including high quality, highly ef- 
ficient screening techniques. Two of the newer 
techniques tha: seem to satisfy these requirements 
include brainstem electric response audiometry 
(BERA) and acoustic reflex latency test (ARLT).! 


Over the past decade, the auditory brainstem re- 
sponse has evolved to become an important clinical 
diagnostic technique for tumor diagnosis. The high 
true-positive ard low false-negative rate of BERA in 
patients with :urgically confirmed neuromas has 
been well documented and makes it the most effec- 
tive audiometr:c test for tumor diagnosis to date. 
BERA indicatcrs of retrocochlear disease include 
the abnormal tes: findings of: 1) increased wave V 
latency, 2) increased wave I-V or III-V interval, 3) 
increased wav2 V interaural latency difference 
(ILD), 4) absert wave V in the presence of auditory 
sensitivity of 7# dB HL or better, and 5) a signifi- 
cant discrepaney between behavioral and wave V 
thresholds when pseudohypoacusis has been ruled 
out. In the patient with a lesion affecting the eighth 
nerve or lower brainstem, it is likely one or more of 
these abnorma indicators will be present, when 
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thresholds permit. An apparent disadvantage of 
BERA is a reportedly high false-positive rate which 
ranges from a conservative 12%? to less optimistic 
estimates of 22%? and 30% .*5 In nontumor cases, 
the finding of an abnormal delay in brainstem re- 
sponse latency (false-positive for tumor) is felt to be 
due to audiometric configuration, particularly in 
cases of precipitous, severe, high frequency hearing 
loss, 23.67 


More recently, the ARLT has been applied to 
tumor diagnosis.' It provides an indirect measure of 
seventh and eighth nerve function based on changes 
in the acoustic impedance of the middle ear. Nerve 
tracts and nuclei in the afferent portion of this 
polysynaptic reflex arc coincide with some of the 
proposed generator sites of the brainstem response 
(Fig. 1). These include the eighth nerve, the coch- 
lear nucleus, and the superior olivary complex. At 
this point, similarities in pathways end. The 
acoustic reflex arc decussates to send contralateral 
fiber tracts across the brainstem, then both the ip- 
silateral and contralateral tracts continue their de- 
scent to the facial nerve nuclei. The efferent path- 
way includes the facial nerve and the nerve to sta- 
pedius. The end result is the closing of an auditory 
feedback loop completed by bilateral contraction of 
the middle ear muscles. 


Acoustic reflex latency, defined as the time inter- 
val between the onset of the stimulus and the onset 
of the middle ear muscle contraction, appears to be 
of more diagnostic value for tumor detection than 
other reflex parameters including reflex decay and 
elevated reflex threshold.*’ Latency of the acoustic 
reflex has been shown to be a sensitive test of tumor 
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—--ASCENDING TT 
——DESCENDING TT 
pour CONTRALATERAL ST 
— - IPSILATERAL ST 


Fig. 1. Schematic a of the brainstem pathways 


for the middle ear muscle reflex. Both ipsilateral and con- 
tralateral stapedius pathways are shown. ST - Stapedius 
muscle; TT - Tensor tympani muscle; TM - Tympanic 
membrane; VCN - Ventral cochlear nucleus; MSO 
-Medial superior olive; Nu7 - Facial nerve motor nucleus: 
Nud - Trigeminal motor nucleus. (Adapted from Borg E. 
On the neuronal organization of the acoustic middle ear 
reflex. A physiological and anatomical study. Brain Res 
1973; 49:101-23.) 


detection based on: 1) the investigations of the ef- 
fect of simulated acoustic tumor in animals;® 2) the 
finding of normal latencies in a normal control 
group;' 3) the finding of abnormal latency in a 
group of patients with surgically confirmed acoustic 
tumor;'” and 4) the finding of normal latency in a 
nontumor group of patients with sensorineural 
hearing loss of variable etiology.' The ARLT is con- 
sidered abnormal when the absolute latency and/or 
the ILD values exceed the cut-off criteria for con- 


tralateral and/or ipsilateral measurements at 1,000 
and/or 2,000 Hz. 


The goal of this study is to compare and contrast 
BERA and ARLT as applied to acoustic and angle 
tumor diagnosis and to try to assess more objectively 
the current role of ARLT in tumor diagnosis. With 
this goal in mind, an investigation was undertaken 
to determine if those nontumor patients who had 
manifested abnormal BERA results (false-positive 


for tumor) could be correctly identified as non- 
tumor by the ARLT. 


METHODS 


Subjects. The study included two groups: 1) a control group of 
25 volwxteers with normal auditory sensitivity, normal tym- 
panograare and no past otologic complaints, and 2) a special ex- 
perimen:al population consisting of 43 acoustic tumor-suspect pa- 
tients wha exhibited abnormal findings on BERA (tumor-positive 
in accor#anace with the Selters and Brackmann criteria’) and in 
whom ae«nstic or angle tumors were ultimately ruled out. Symp- 
toms characterizing this population include 1) hearing loss (asym- 
metric, »segressive, fluctuant or sudden), 2) disequilibrium, diz- 
ziness or-vertigo, 3) tinnitus, and 4) fullness or pressure in the ear 
(most frequently in combination). Audiometric signs include: 1) 
asymmestie sensorineural hearing loss, 2) disproportionate reduc- 
tion in sseech discrimination score, 3) abnormal! tone decay, 4) 
acoustie reflex decay or elevation in reflex threshold, 5) abnormal 
BERA findings. Many or most of these findings were in combina- 
tion. Vestibular function tests were restricted to caloric studies 
and ususli demonstrated a reduced vestibular response (RVR) in 
the invclved ear. The BERA test results were labeled false- 
positive ‘ey tumor subsequent to definitive x-ray examination in- 
cluding vetytomography, computerized axial tomography (CAT) 
scan anctor posterior fossa myelography. 








Apperatus. Two standard electroacoustic impedance bridges 
(Ampiai-¥702) were modified to perform either individual or sim- 
ultanecus tvmpanograms and acoustic reflex measurements. 
Switchirg arrangements permitted the units to function either in 
the stan asd or in the modified mode. The stimulus tone initially 
generate] by the dual tympanometers was routed to an output 
jack on tie front panel of each unit. The stimulus tone was gaited 
by meass of an electronic switch (Coulbourn model $84-04) 
which was in turn controlled by two one-shot timers (Coulbourn 
mode! 832-53), thereby relinquishing all internal signal timing 
control. Tke output of the electronic switch was then split and 
returnec to an input jack on the front panel of each elec- 
troacousic impedance bridge. The shared acoustic signal was 
amplifi} and attenuated by the standard intensity control on 
each unt, Use of these controls limited attenuation to 5 dB in- 
crement . All probe and stimulus levels were matched within bet- 
ter than. #1 dB by standard calibration procedures. Level and 
frequency were calibrated according to the manufacturer's 
specificatiens for the Amplaid units. 


Twoseparate output modes from each meter were employed. 
To peri#rm routine tympanograms, the output of each system 
was rowei through calibration potentiometers into a standard 
X-Y ploter (Hewlett-Packard model 7010B). To perform acoustic 
reflex measurements, the “scope” output from each meter was fed 
to sepasate input channels of a dual-channel signal averager 
(Tracor-Serthern model 570A). Output of the signal averager 
was comested to the plotter to obtain permanent record of the 
reflex response. Daily calibration and monitoring of the reflex- 
eliciting stimulus was facilitated by means of a separate 
oscillose~ee mounted above the equipment rack (Tektronix 
T912). * standard head band was modified to accommodate two 
probe-ti» assemblies, each presenting a 220 Hz probe tone. This 
arrangement permitted stimuli for both ipsilateral and con- 
tralateral measurements to be presented through like transducers 
as oppesec! to the standard earphone versus probe-tip method of 
measurenent, 


Procedu ures. All control subjects were required to pass a screen- 
ing procedure performed on this apparatus to confirm normal 
hearing sensitivity for the ARLT test stimulus. A 300 msec tone 
with 5 msec rise/fall times was presented through the probe- 
assembiy speaker at 20 dB HL for the test frequencies 500 to 4,000 
Hz. In the experimental group, audiometric thresholds were 
establistec with standard clinical procedures for the frequency 
range 25) to 8,000 Hz (reference ANSI, 1969). Only those subjects 
with no air-bone gap, ie, pure sensorineural losses, were included 
in order caveliminate latency delay caused by a conductive compo- 
nent. Ia beth groups, ipsilateral and contalateral acoustic reflex 
thresholds were established for the test signal at frequencies of 
2,000 arxi 1.000 Hz. Reflex threshold was taken as a time-locked 
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needle deflection ir response to the eliciting signal as seen on the 
balance meter. In «ases where a deflection was in question. the 
reflex threshold was taken as the first change from baseline im- 
pedance in 2 positie direction as seen on the oscilloscope of the 
signal averager. 


To perform the ARLT, ipsilateral and contralateral test stimuli 
were presented at 0 dB above the established reflex threskold. 
Each measurement represented the averaged response from four 
signal presentations. An interstimulus interval of 5 seconds was 
used to minimize ary reflex adaptation effects. Reflex latency was 
calculated by use of the address select cursor and the count digital 
display of the signal averager. In this manner, an increase from 
baseline impedance could be detected to within 1 msec. Reflex 
responses were written out on the X-Y plotter for permanent 
record, The entire test procedure takes approximately one-half 
hour per patient. 


RESULTS 


Control Greup. It was first necessary to 
reestablish normal values utilizing the second gen- 
eration test equ:pment. Acoustic reflex latency mea- 
surements were analyzed for a) frequency effects 
(1,000 anc 2,0CO Hz) and b) ear effects (ipsilateral 
and contralateral’. To determine the effect of stim- 
ulus frequency, independent t-tests were performed 
on measurements of like ears at each frequency, ie, 
ipsilateral 1,000 Hz/ipsilateral 2,000 Hz, con- 
tralateral 1,000 Hz/contralateral 2,000 Hz. Results 
revealed no sigaificant difference at the 0.1 level. 
To determine ear effects, t-tests were performed 
between measurements of like frequencies’ different 
ear, ie, ipsilateral 1,000 Hz/contralateral 1,000 Hz, 
etc. Results revealed no significant difference at the 
0.05 level. Based on these findings, data were col- 
lapsed to compate a mean absolute latency for the 
control group. Averaging all four measurements 
resulted in a mean absolute latency of 95 msec, with 
a standard deviation of 24.5 msec. This value is in 
excellent agreement with the mean latency values 
for the normal group reported in our previous in- 
vestigation.’ Hewever, the frequency effect found 
in our earlier stady did not occur in the present in- 
vestigation. Th: may have been due to the dif- 
ference in transducers utilized in the former (ear- 
phone) and the present (probe-assembly) study for 
delivery of the contralateral stimulus. 


A mean ILD was then computed utilizing dif- 
ferences between like measurements for all four 
conditions. This resulted in a mean ILD of 14.7 
msec with a standard deviation of 10.4 msec. 


The criteria sor abnormal latency for both ab- 
solute and ILD measures were derived from the 
mean latency plas two standard deviations. The re- 
sultant cut-off values were 144 and 36 msec respec- 
tively. These values are in good agreement with the 
2,000 Hz absolute latency and the average of the 
1,000 and 2,000 Hz ILD values reported in the pre- 
vious study.' The difference in normal cut-off val- 
ues, mean latency plus two standard deviations, be- 
tween studies reoresents patient variability only, as 
reflected in the standard deviation. Mean latency 
values are constant. It is felt that when large num- 


bers of patients have been tested with the ARLT, 
the standard deviation will stabilize resulting in 
uniform cut-off criteria. Until this occurs, caution 
should be exercised in application of any one cut-off 
value. 


Experimental Group. To determine any signifi- 
cant difference in absolute latencies between the 
control and the experimental group, a f-test was ad- 
ministered for all conditions between populations. 
Results revealed no significant difference at the 0.1 
level. These results are comparable to those of the 
heterogeneous group of patients from our earlier 
study with sensorineural hearing loss of variable 
etiology in which tumor had been ruled out. The 
above criteria established from the control group 
were applied to the absolute latency and ILD mea- 
surements in the experimental group. No response 
could be obtained from 13 of 43 (30%) patients in 
this group. In those patients with reliable latencies, 
28 or 93% fell within normal limits (WNL) at both 
test frequencies and two patients fell outside normal 
limits (ONL). In these two cases, one patient was 
delayed beyond the absolute cut-off value by 4 msec 
but had a normal ILD; the second patient was both 
delayed beyond the absolute cut-off value by 52 
msec and had an abnormal ILD. 


The ILD criterion derived from the control group 
was applied to the experimental group. In 15 of 43 
(35%) patients, no ILD could be obtained. Of the 
28 patients with bilateral measurements, 25 (89%) 
had an ILD WNL at both test frequencies, and 3 
had an ILD outside the normal range. In two of 
these three patients, the absolute latencies were 
WNL at both frequencies. In the patient with the 
greatest ILD, absolute latency at 1,000 Hz fell 
WNL but fell ONL at 2,000 Hz. 


DISCUSSION 


An examination of our data reveals two outstand- 
ing characteristics that differentiate BERA from 
ARLT response in this nontumor group: 1) a wave 
V latency delay and abnormal ILD in the presence 
of elevated high frequency thresholds, and 2) “re- 
cruiting-like” latency/intensity function. If the 
brainstem response is influenced by audiometric 
configuration, why is the acoustic reflex latency not 
similarly influenced, and does a similar recruiting- 
like phenomenon play a role in the ARLT results? 
To answer these questions, the following discussion 
compares 1) the method of measurement of ARLT 
and BERA and the effect of high frequency loss on 
each method, and 2) the recruiting-type laten- 
cy/intensity function seen in patients with end- 
organ disease. 


Method of Measurement. The ARLT, utilizing 
the electroacoustic impedance method, is an in- 
direct measurement totally dependent on the move- 
ment of the tympanic membrane in response to the 
contraction of the stapedius muscle. The magnitude 
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Fig. 2. Descriptions of audiometric configurations of patients in the pecial experimental group demonstrating abnor- 
mal BERA results. A) Normal - Hearing thresholds 0 to 30 dB HL fror® 500 to 8,000 Hz. B) Flat - 1,000 and 4,000 Hz 
threshold within 5 dB of one another. No ge drop in 8,000 Hz threnold. C) Rising - 4,000 or 8,000 Hz threshold 20 


dB or more poorer than 1,000 Hz thresho 


d. D) Moderate degree: Gradual slope - 2,000 Hz threshold less than 50 dB HL; 


8,000 Hz threshold greater than 50 dB HL. E) Severe degree: Gradual siepe - 1,000 Hz threshold greater than 30 dB HL, 
2,000 Hz and 4,000 Hz thresholds greater than 50 dB HL. F) Mild-Severe*yofound degree: Steep slope - 1,000 Hz threshold 
less than 50 dB HL, 4,000 Hz threshold greater than 50 dB HL. 


of static acoustic impedance at the eardrum and the 
cochlear microphonic (CM) sensitivity curve are 
almost identical in the frequency range between 
400 and 4,000 Hz.'® At the round window CM is 
proportional to pressure at the oval window and in- 
put admittance is the valid measure of the output of 
the middle ear up to 4,000 Hz. Above 4,000 Hz, 
changes in the acoustic impedance and CM sensitiv- 
ity become disproportionate, with as much as a 15 
dB lag in acoustic impedance values by 8,000 Hz. 
This “deviation from proportionality” is felt to be 
due to mechanical properties of the middle ear sys- 
tem. Therefore, the ARLT, utilizing the electro- 
acoustic impedance method, is an accurate in- 
dicator of cochlear response only in a limited fre- 
quency range up to 4,000 Hz. The acoustic reflex is 
a low frequency feedback loop with an afferent and 
efferent limb. Afferent excitation is maximal below 
2,000 Hz, resulting in a stapedius contraction which 
is not vigorous and most stable when elicited by 
stimuli in this range.'' The resultant effect of the 
reflex is on suprathreshold sound transmission to the 
cochlea in the same frequency range. Test signals 
for ARLT are in the low to midfrequency range, 
1,000 and 2,000 Hz. 


In the normal ear or the ear with a flat 
audiometric configuration, ARLT and BERA re- 


sponses originate from different frequency regions 
within $e cochlea. The brainstem response is felt to 
come frm more basal portions of the cochlea and 
the best information is obtained with a click. Most 
of the explanations for BERA false-positive re- 
sponses hinge around loss of acuity in the high fre- 
quency region. Some investigators claim a linear re- 
lations#p between the wave V latency and the 
8,000 Fz threshold.* In the case of high frequency 
hearing-toss, the hair cells in the basal portion of the 
cochlea may be damaged or absent.” Under these 
conditicus neural firing will not be initiated until 
intact receptor cells in a more apical portion along 
the baskar membrane have been stimulated result- 
ing in a “cochlear delay” in latency. This theory has 
been used to explain the cochlear delay which clini- 
cally manifests as a false-positive for tumor. How- 
ever, hwzh frequency hearing loss and the cochlear 
delay theory cannot explain all BERA false-positive 
results «Fig. 2 A-F). To illustrate this point, pure 
tone cor iigurations of the patients with BERA false- 
positive results are classified by slope and degree of 
loss ang displayed on these composite audiograms. 
It may be seen that not all patients display a 
precipitous, high frequency loss. In cases of high 
frequency loss, the actual region of excitation in the 


cochlea from which the ARLT and BERA responses 


are now generated may be quite similar. To com- 
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Fig. 3. Æ Normal latency/intensity function. Wave V latencies elicited with a 2 msec, 4,000 Hz tone burst, plotted on a 
template derived from the normative group mean and 2 standard deviations. B) Normal latency/intensity function in ear 
with sensory aezring loss. Both wave V latencies and ILD are equal and within normal limits bilaterally. Hatched area in- 
dicated limited response range due to hearing loss. C) “Recruiting-like” latency/intensity function in ear with Menieére’s 
disease. Wax V latencies are delayed at lower incensity levels but “recruit” to normal limits at 120 dB SPL. D) 
“Nonrecruitimg- ike” latency/intensity function in ear with acoustic neuroma. Wave V latencies fail to “recruit” to normal 
limits and reria.n delayed even at most intense stimulus levels. 


pensate for coct lear delay, a correction factor based 
on the 4,000 Hz audiometric threshold has been de- 
rived and utilized by Selters and Brackmann as a 
compromise va ue in an effort to reduce the false- 
positive rate wthout increasing the false-negative 
rate.’ It has been pointed out, however, that such a 
correction facter should depend on the validity of 
the generator stes and not on the integrity of the 
peripheral end-organ.® The audiometric threshold 
is a direct manifestation of cochlear function. Con- 
versely, wave V in a composite response involving 
multiple generator sites, possibly even at the cor- 
tical level.” To correct for one in order to interpret 
the other is imsorrect. Up to this point in time, 
however, this compromise has been a worthwhile, 
working manip lation of the cut-off criteria. 





Recruiting-T ype Latency/Intensity Function. 
The Meniere’s group accounted for 46% of the ab- 
normal ILD measures and 52% of the abnormal 


wave V latencies in an investigation of abnormal 
BERA results in nontumor patients (false-positive 
for tumor). In a study of Menieére’s patients tested 
with ARLT,' the false-positive rate was shown to be 
as low as 4.6% using absolute latency and 0% using 
the ILD. On the ARLT, abnormal growth of reflex 
amplitude, a likely correlate of abnormal loudness 
growth, was observed to coincide with significantly 
shorter reflex latencies in this group of Meniére’s pa- 
tients. These findings suggest the presence of a re- 
cruiting-type latency/intensity function with 
ARLT; not an unlikely suggestion in view of the 
theory that the acoustic reflex is loudness governed. 
Latency is inversely proportional to stimulus inten- 
sity. Figure 3A represents the normal latency/inten- 
sity function curve plotted an a template derived 
from our normative data for BERA latency values. 
In the recruiting ear, the inverse relationship is 
maintained, but the slope of the function is steeper 
(Fig. 3C). At lower intensity levels, the wave V 
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latencies in the damaged ear are delayed beyond 
those of the good ear, often falling outside the nor- 
mal range. As the level of the stimulus is increased, 
the latency rapidly decreases or “recruits” to laten- 
cies within the normal range. The appearance of 
this recruiting-type latency/intensity function al- 
most always signifies cochlear lesion, but not all 
cochlear lesions demonstrate this pattern (Fig. 3B). 
It is most consistent in Meniere’s patients. 


Recruitment, defined behaviorally as an abnor- 
mally rapid growth in loudness, is commonly seen 
in ears with end-organ lesions. In electrocochleog- 
raphy, a physiological correlate of loudness recruit- 
ment has been proposed based on the dependency of 
the compound action potential (AP) waveform, am- 
plitude, and latency on the signal intensity.” In 
subjects with Menieére’s disease, AP latencies were 
shorter than those of the normal ears for a given 
hearing level. It was concluded that the latency cri- 
terion with the presence of recruitment is actually a 
threshold criterion in the ear with cochlear lesion. 


This recruiting-type function has yet to be seen in 
ears with acoustic neuroma (Fig. 3D). In these ears, 
increases in stimulus level fail to result in abnormal- 
ly rapid decreases in latency. The latency/intensity 
curve characterizing both conductive and retro- 
cochlear lesions is elevated well beyond the normal 
range, usually remaining parallel to the slope of the 
normal latency/intensity curve. 


Some of the patients who did not show the 
recruiting-type latency/intensity function on BERA 
did demonstrate recruitment-like reflex patterns on 
ARLT. This may be due to differences in the level of 
the test stimulus and its relationship to the recruit- 
ment phenomenon. 


A 300 msec signal has been specifically selected as 
the ARLT stimulus because its perceptible intensity 
is equivalent to that of a continuous tone. The max- 
imum signal output available from our equipment, 
as in most standard acoustic impedance bridges, is 
in the order of 120 dB HL. 


A common signal utilized in BERA is a click. The 
instantaneous rise/fall results in the synchronous 
neural excitation required to elicit the brainstem 
response. In this present study, a 2 msec tone burst 
was used as a test signal. Due to the brief signal 
duration and the effect of temporal integration, the 
maximum available output of the BERA stimulus is 
only in the order of 95 to 100 dB HL. Therefore, a 
difference in the ARLT and BERA signal duration 


results in a 20 to 30 dB difference in available stimu- 
lus intensity. 


A minimum of three points at consecutive intensi- 
ty levels is needed to obtain a valid BERA laten- 
cy/intensity function. However, the response range 
for BERA is often limited on the lower end by the 
patient's elevated hearing threshold and on the up- 
per end by the maximum available sound pressure 
level. It seems likely that those nontumor patients 
whe had normal results on ARLT and who did not 
exhibit recruitment on BERA might have recruited 
if hearing loss did not prevent deriving an adequate 
latency/ ntensity function or higher signal intensity 
level wes available to reach a point at which re- 
cruitment occurs. 


CONCLUSIONS 


The ARLT and BERA are both objective, indirect 
measures of neural conduction time. Gross similari- 
ties appear to exist in the neuronal organization of 
the initial segments of the pathways generating the 
acoustic reflex and the brainstem response. How- 
ever, beyond a certain critical point, possibly at the 
level of the superior olive, pathways become dispa- 
rate. The difference in ARLT and BERA test results 
seer in this population of nontumor patients (BERA 
false-positives) is felt to be due to differences in 1) 
the method of measurement, 2) the characteristics 
of the eliciting signal which deal mainly with 
cochlear mechanics, and 3) the generation of the re- 
sponse, which encompasses the above-mentioned 
disparity in neural pathways. 


Due to the high efficiency rate of both ARLT and 
BEFA as screening tests in tumor diagnosis, we 
recommend both tests be used in tandem. The 
ARLT is less expensive and less complicated than 
BEFA and has been shown to correctly identify 
mos: {93% ) nontumor patients with tumor-positive 
BEFA results. For these reasons, in those patients 
whose hearing loss does not preclude ARLT, we 
suggest that ARLT precede BERA. While we con- 
sider ARLT to be a useful clinical tool, we feel wid- 
er Clinica: investigation of this test is required. 


When screening for acoustic or angle tumor with 
BEFA and an abnormal latency is identified, a la- 
tency/im‘ensity function should then be plotted to 
determine the presence of a recruiting-type pattern. 
The presence of this pattern generally indicates 
end-organ dysfunction. 
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Anatomical, physiological and behavioral data indicate that the auditesy stem matures from the periphery centrally, ie, centri- 
petally. There is now information which shows that the developing auditory #ysaem can be modified by anatomical changes which have 
their greatest effect during early development. Anatomical, physiological and bekzevioral changes can also be brought about by the quality 
of the auditory stimuli which the auditory system experiences. Evidence for the pasticity of the developing auditory system has come from 
studies of a number of different species. The plasticity of the auditory system: is» f theoretical and clinical significance. 


INTRODUCTION 


The developing auditory system, like the visual 
system, is able to be modified by anatomical altera- 
tion and variations of acoustic stimuli. This biologi- 
cal characteristic is called plasticity. Audition is 
dependent on the development of a normal anatom- 
ic transformer (middle ear) and transducer (inner 
ear); a central nervous system and its auditory af- 
ferent and efferent connections; and, in birds and 
mammals, exposure to appropriate auditory stimuli 
which is an essential component of the normal de- 
velopment of audition. Failure either in the forma- 
tion of any structural part or in the exposure to 
sound stimuli will result in deviant auditory func- 
tion. There are at least three types of developmental 
errors of exposure to sound which can result in ab- 
normal audition: in the quality, the quantity, and 
the timing of the sound stimuli to which the devel- 
oping organism is exposed. 


This paper will summarize the known anatomi- 
cal, physiological and biological aspects of the de- 
velopment of audition. Anatomical, physiological 
and behavioral evidence for the plasticity of the au- 
ditory system will be presented. The consequences 
of intervention in terms of hearing loss become 
apparent. 


ANATOMIC DEVELOPMENT 


The basic histological outline of the anatomic 
development of the ear has been known since the 
last half of the 19th century.’ More recently Bast 
and Anson,’ Bredberg* and Sher’ have refined these 
original observations. The general outline of the 
development of the mammalian cochlea is the ini- 
tial formation of an otic placode on the dorsolateral 
anterior aspect of the head region of the embryo. 
The placode invaginates to form an otic cup and 
this process continues until an otic cyst is formed. 
Studies by Li et al® have shown in the mouse that 


the cel» of the otocyst that have formed the ventral 
portior will become the cochlea. The otocyst then 
begins zo take on the shape of the mature labyrinth 
and in nan is anatomically mature at approximate- 
ly the fth or sixth month of fetal life. 


The apithelium of the cochlea, the organ of Cor- 
ti, consists of a number of different cell types, some 
of whieh are primary receptor cells, the hair cells, 
and etLers which are supporting cells, eg, Hensen’s 
cells aral Deiters’ cells. These cells have been found 
to be end state cells’ in that in the mature animal 
there is no increase or replacement of these cells. In 
the meise these cells undergo their terminal mitosis 
during the 13th and 14th day of gestation. There 
are no -omparable data for man but, while extrapo- 
latien rom mouse to man is imperfect, it can be 
surmised that the cells which comprise the organ of 
Corti m man probably undergo their terminal 
mitosis: bv the end of the second month of fetal life. 
Thus: tze receptor cells which serve to transduce 
sourd are laid down early in fetal life and must 
serve tæ organism until death. Any loss of these 
cells, cither during fetal life or postpartum, will 
result in a loss of hearing. 


Tie nistological differentiation of these cells oc- 
curs at various time periods after they have under- 
gone their terminal mitosis. The pattern of differen- 
tiation appears to start near the base of the cochlea 
and sp eads apically with the cells of the apex dif- 
feresti.ting last. The inner hair cells differentiate 
befcre zhe outer hair cells. 


Te patterns of development of innervation of 
the iarer and outer hair cells in the kitten® reveal 
that intially the inner hair cells are innervated by 
both af€erents and efferents with very little afferent 
innervetion of the outer hair cells. As the kitten 
mature: there was an increase in afferent and ef- 
feremt -onervation of the outer hair cells with a 
decreased efferent innervation of the inner hair 
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cells. The process of innervation of the inner hair 
cells coincides in time with the first physiological 
and behavioral! responses to sound.’ 


The mechanisms which control the process of dif- 
ferentiation from the otic placode to the mature 
cochlea are now being defined.'® It would appear 
that in the mouse the neural tube and the cephalic 
mesenchyme are essential for the development of 
the early otocyst. The neural tube is needed first 
and is gradually supplanted by the action of the 
cephalic and then the periotic mesenchyme. Deol, 
who has studiec a number of mutant mice, demon- 
strated that abrormalities of the developing neural 
tube will result in abnormalities of the structure of 
the inner ear.‘ Organ culture studies indicate that 
an abnormally programmed neural tube can trans- 
mit an abnormal message to a normal mouse oto- 
cyst. The converse also appears to occur in that a 
normal neural tube can correct abnormalities in an 
abnormal ctocyst.* 





Many questiens remain to be answered at the 
tissue and cellular level concerning the develop- 
ment of the mammalian inner ear. Among those 
questions pertinent to an understanding of audition 
are the factors ccntrolling the peripheral innerva- 
tion of the cochlea. Studies have shown that periph- 
eral innervation is not necessary for the develop- 
ment of the sensory structures of the otocyst and do 
not appear to be necessary for the maintenance of 
the sensory structures in the adult.'*'? The conzrol 
factors that cause each nerve fiber to connect with 
specific hair cells and to a specific cell in the 
cochlear nucleus complex are being studied. Experi- 
ments in which one statoacoustic ganglion complex 
is placed betweer. two growing otocysts have been 
carried out in eur laboratory and our preliminary 
results show that nerve fibers will grow to both 
otocysts. There are, as expected, mechanisms which 
control this neuronal specificity. In what way these 
patterns of growth occur and how they are regu- 
lated are, at the present time, unknown. 


It is known that in the cat the pattern of 
peripheral innervation is not completed until after 
the advent of physiologic and behavioral evidence 
of hearing. Whether or not the same is true of cen- 
tral connections is not entirely known. Mlonyeni™ 
states that in the mouse the number of differen- 
tiated neurons in the ventral part of the cochlear 
nucleus reaches adult values at the llth postpartum 
day, but in the dorsal portion not until the 16th 
day. Webster and Webster’? showed that the neu- 
rons of the brainstem auditory nuclei achieve adult 
size of their sema by the 12th postpartum day. 
There is no information concerning the formation 
of synapses or the development of dendritic arbori- 
zation in the central nuclei. 


Thus it would appear that the ear in mammals 
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*Van De Water TE. Personal communication. 


may not be committed to a fixed pattern of periph- 
eral innervation until after it is functional, which 
leaves the possibility of environmental sound caus- 
ing a change in the neural pattern of auditory in- 
put. It is also known that the primary auditory 
nuclei of the cochlear nucleus complex in the mouse 
show evidence of maturation of cell and soma size 
during the period of postfunctional development. 
Thus there may also be changes in the pattern of 
brainstem innervation during environmental ex- 
posure to sound. 


There are a number of studies that show that 
there is anatomical plasticity in both the developing 
and mature auditory central nervous system.'* The 
first of these studies was by Levi-Montalcini" and 
was later expanded by Parks.'* The studies consisted 
of removing the otocyst of the developing chick uni- 
laterally, allowing the embryo to continue to 
develop. The central auditory nucleus system of em- 
bryologically deafferentated chicks was examined 
and found to have, on the ablated side, anatomical 
differences in the primary auditory nuclei. These 
differences were a decrease in the size of the nuclei 
and in the number of cells composing the nuclei, 
alteration in shape of the nuclear mass, and a dif- 
ferent position of the primary auditory nuclei 
within the brainstem. These studies have shown 
that in the developing chick the auditory afferents 
exert control over the development of the primary 
portion of the central auditory nervous system. 


Experiments assessing the effects of destruction of 
the mature cochlea and its afferents show that there 
is degeneration in both primary and secondary cen- 
tral auditory nuclei.'® Van den Pol et al’® stated that 
in the posthatched chick there is degeneration in 
secondary and tertiary auditory nuclei after 
removal of the inner ear. In a series of studies 
Gulley et al’? found significant changes in the 
presynaptic and postsynaptic organelles of the 
primary (anteroventral cochlear nucleus) brainstem 
auditory nuclei in the waltzing guinea pig, an 
autosomal dominant mutant guinea pig in which 
there is primary hair cell degeneration with a 
minimal amount of neural degeneration. 


Several experiments have been carried out to ex- 
plore the possibility that degeneration in central 
auditory nuclei may result from a diminution of 
auditory stimulation without disruption of the 
transducer or primary afferents. Coleman and 
O’Connor?! removed the middle ear ossicles from 
rat pups and found a decrease in the size of the 
spherical cells in the anteroventral cochlear 
nucleus. The effect was only noted in the monaural 
preparations and not in animals who had the os- 
sicles removed in both ears (these data are con- 
gruent with the physiological data of Clopton and 
Silverman? — see Electrophysiologic Develop- 
ment). Webster and Webster’’*?** found that in 
young mice sound deprivation or occlusion of the 
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middle ear resulted in a statistically significant 
decrease in the size of various cell groups in primary 
and secondary central auditory nuclei. The Web- 
sters also noted that the effect could not be reversed 
by exposure to auditory stimuli after a period of 
deprivation. 


This information shows that the central and 
peripheral auditory systems exert reciprocal control 
over each other. Early in embryonic life the major 
inducer for the inner ear is the developing rhom- 
bencephalon. As the inner ear matures its input is 
necessary for the developmental organization of at 
least part of the central auditory nervous system. As 
the organism develops further, to a state at which 
the peripheral auditory system is functional, input 
from this system appears to be necessary for the con- 
trol of maturation and innervation of portions of 
the central auditory system. In the mouse and the 
rat it is apparent that sensory input will affect the 
anatomical configuration of the auditory central 
nervous system. 


Studies of human material in this area are dif- 
ficult to do because of many confounding variables. 
Studies of the brains of patients with deafness are 
being undertaken but one must be sure that the 
peripheral lesion occurred before the central lesion 
as would be the case in postnatally acquired 
deafness. In other cases, eg, rubella embryopathy or 
Waardenburg’s syndrome, the same teratogen may 
have effected both sites independently. There are 
some data?’ that correlate the effects of anencepha- 
ly, a massive anomaly of the skull and brain, with 
abnormal formation of the inner ear. Our own clin- 
ical experience indicates that severe central nervous 
system malformations other than anencephaly may 
be associated with normal inner ears at least as 
assessed by x-ray or auditory evoked potential 
testing. Minor abnormalities of the bony structure 
of the inner ear have also been found in infants 
without obvious CNS malformation. 


ELECTROPHYSIOLOGIC DEVELOPMENT 


The electrophysiological development of the 
cochlea and the eighth nerve has been studied in a 
number of mammals including the mouse,”*?’ rat, 
opossum,’°"?! rabbit,*? cat,???3* chick,” and 
gerbil.” These studies found that functional 
development of hair cells, as measured by the coch- 
lear microphonic, appears to start near the base and 
extend to the remainder of the base and to the apex 
of the cochlea. There is both an increasing sensitivi- 
ty and an increase in the range of frequency to 
which they respond. These physiological changes 
parallel the anatomical changes in the organ of Cor- 
ti,” although no one specific change in the organ of 
Corti has been found to be responsible for reactivity 
of the hair cells. The two DC potentials, the sum- 
mating potential and the endocochlear potential, 
have been shown to develop in conjunction with the 


development of the cochlear microphonic.** The 
ability ə the eighth nerve to transmit messages 
from th cochlea parallels cochlear development.** 





Pujol has shown that the various auditory cen- 
ters of he central nervous system, including the 
cochlea: nucleus, inferior colliculus, medial genicu- 
late bocr, and auditory cortex, have a centripetal 
pattern of maturation. Studies of the latency of 
auditor® evoked responses indicate that the matura- 
tion preseeds from the periphery to the cortex. Pu- 
jo alsc examined other physiological patterns of 
cell reactivity. He recorded from single units within 
the coct lear nucleus, inferior colliculus and medial 
geniculete body in the developing kitten. He found 
that :nitfally cells in the central auditory nuclei are 
capable of “on” responses. They then developed 
rhythm responses which are followed by the ma- 
ture pattern of firing throughout stimulation. He 
also examined the development of inhibitory mech- 
anisms. His tentative conclusion is that they make 
their apoearance first in the inferior colliculus and 
medial zeniculate body. Their onset is relatively 
late in tve maturational process. 


Aitker and Moore’! showed that at first the tun- 
ing curv=s of single units in the pericentral portion 
of the cochlear nucleus of the kitten are broader 
than those of cells in its central portion. The 
thresho.3 of these units drops from 100 dB at the 
sixth to -1th day of life to near 40 dB in the adult. 
This maxed drop in threshold oecurs from the 11th 
to the Zst postpartum day and tonotopic organiza- 
tion of ve central nucleus of the inferior colliculus 
is obserxable by the 11th day. The investigators felt 
that some of these findings could be accounted for 
by anatomic maturation of the central nervous 
system. several observers’? *° have found that the 
central aervous system may be capable of process- 
ing aveitory information before the cochlea 
matures These investigations included a series of 
studies i2 which developing animals, cats and rats, 
had thet medial geniculate bodies stimulated elec- 
trically #efore there was evidence of hearing based 
on the acility to record evoked potentials from the 
eighth rerve. They were able to evoke potentials 
within the cortex by electrical stimulation of the 
medial geniculate. The conclusion from these 
studies i. that the central auditory system is capable 
of transmitting information before the end-organ 

mth nerve are able to transmit it to the cen- 
tral nerweus system. 








Electrophysiological studies of the development 
of audion have been carried out*'** in both 
premature and term infants by recording brainstem 
and cort eal auditory evoked potentials. Starr et al* 
founc a tecrease in latency and an increase in am- 
plitude c4 brainstem potential with age. The largest 
shift occurred at 34 weeks gestational age. Wave- 
forms recorded by the brainstem auditory evoked 
potentia technique are felt to represent the evoked 
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responses fror the various auditory relays. The first 
wave was thcught to originate from the eighth 
nerve and the äfth wave from the region of the infe- 
rior colliculus. Wave I, purportedly from the eighth 
nerve, has been observed to mature earlier, at ap- 
proximately five to seven months depending on the 
stimulus used*’-** than wave V, which is more cen- 
tral. It would appear that in man, as well as ir the 
rodent species studied, there is a peripheral-to- 
central patterr of physiological development. How- 
ever, Grazian: et al” and Starr et al** also noted 
that a cortical response could be recorded in infants 
less than 28 weeks gestational age, at a time when 
the same sound stimulus did not elicit a recordable 
brainstem atd:tory evoked potential.** This 
discrepancy may be a reflection of the small ampli- 
tude of waves generated by the brainstem because 
of poorly synct renized firing or of some other factor 
in the orgamzation of the developing central 
auditory nerveus system in man. 


The maturation of the electrophysiological 
response in man appears to be dependent upon the 
anatomical maturation of the inner ear.* Keith® ex- 
amined the pessibility that the middle ear may be 
responsible for decreased sensitivity of auditory 
acuity in newocrns. He found that term infants 
2'/, to 20 hours after birth had normally function- 
ing middle ears when assessed by measures of mid- 
dle ear compliance, tympanometry and middle ear 
pressure. The 2lectrophysiologic data suggests that 
the term infaat has anatomically mature middle 
and inner ears and that the maturation of the re- 
mainder of the auditory system takes place over the 
next 18 months. 


Auditory deor:vation has been shown in animals 
to have electrenhysiologic consequences both in the 
periphery and ventrally. In two strains of mice with 
genetically determined progressive inner ear deaf- 
ness, recordings of the cochlear microphonic and 
eighth nerve action potential?” 45t demonstrated 
increased sensitivity and narrowing of the frequen- 
cy range at the level of the inferior colliculus. 
Batkin et al showed that rats deprived for eight 
months had a 29 dB increase in threshold when 
tested by auditory evoked potentials. 


The consequences of unilateral auditory depriva- 
tion have beea studied in the rat.” There is a 
decrease in the number of units in the inferior col- 
liculus that respond when the deprived ear is stim- 
ulated. The normal inhibition that occurs when 
sound is presented binaurally does not occur in 
animals who kad sustained unilateral deprivation. 
This effect was not present when the deprivation 
had been binaural. Deprivation had to occur be- 
tween the 10th and 60th day after birth in order to 
produce these effects; there was no effect if depriva- 


The pattern of sound stimulation experienced by 


young rats during the first four months of life was 
found to influence the pattern of response at the col- 
licular level.’ The firing rate of single units in the 
inferior colliculus increased selectively when stim- 
ulated with a familiar sound pattern compared to 
their firing rate with a novel sound pattern. This 
evidence indicates that in the rat the responsiveness 
of cells at the level of the inferior colliculus can be 
modified by auditory experience. 


The electrophysiological patterns of auditory de- 
velopment have just started to be outlined in vari- 
ous species. As a general principle they appear to 
mature centripetally, starting from the periphery 
and occurring last at the cortical level. Thus far, 
most of the investigators have examined sensitivity 
and frequency selectivity and only one study has 
looked at the development of integrative function in 
the auditory system. The physiological effects of loss 
of the peripheral system are not well known. 


The physiology of the auditory system is modified 
by environmental sound, judging by the depriva- 
tion studies and the one study** in which there was 
modification of the reactivity of units based on their 
previous pattern of sound exposure. Both the 
anatomical and physiological studies thus indicate 
that deprivation appears to be effective in the ro- 
dent only during the immediate postpartum period. 
Whether these findings apply to man is not known, 
but one would be surprised if the same were not 
true for man since his central nervous system also 
continues to develop after birth. Plasticity is likely 
to play a more important role for the premature 
than the term infant because of greater immaturity 
of the central nervous system. The extent to which 
sound controls the development of the auditory 
system is unknown except for the changes in sen- 
sitivity to loudness and loss of binaural interaction 
just described and the one experiment showing 
modification of the sensitivity of single units in 
response to changes in sound patterns. 


BEHAVIORAL DEVELOPMENT 


Study of the behavioral correlates of auditory de- 
velopment is limited by the methodologies available 
to assess this behavior. It is particularly difficult 
when working with immature organisms, be they 
birds, rats, mice or children. Many kinds of mea- 
surements have been used to attempt to correlate 
the organism's response to a particular stimulus. 
Some studies have relied on performed behavioral 
patterns occurring in response to sound. 


The ontogeny of behavioral responses to sound 
correlate well with the physiologic data.**°* Ehret’s 
studies***> in the mouse show that even after physi- 
ological and anatomical maturation of the ear and 
eighth nerve are complete, threshold for pure tones 
and masked threshold continue to decrease. These 
findings were attributed to the late maturation of 


DEVELOPING AUDITORY 3YoTEM 307 


the central auditory system in this species. The data 
imply that final maturation of audition in the 
mouse may be dependent upon central mechanisms 
and that these maturational processes are centri- 
petal. This is in agreement with the known ana- 
tomical and physiological information obtained 
from this and other species. 


The development of behavioral responses to 
sound in man appears to occur as early as the 20th 
fetal week.5’°* That the premature infant will res- 
pond behaviorally to sound has also been well docu- 
mented. There is little information concerning the 
frequency range, loudness and difference limens of 
the premature infant’s responses to sound. 


The term infant responds to a variety of auditory 
stimuli, depending upon his level of arousal, the 
repetition rate and the character of the stimulus. 
Threshold for behavioral responses to sound de- 
creases during the first two to three years of life. 
These changes and other factors must be taken into 
account before making any statement about an ab- 
solute behavioral threshold in the infant. 


Ability to discriminate among speech sounds oc- 
curs early in the normal human infant. Kuhl states 
that one to three-month-old infants can discrimi- 
nate all of the speech sounds which are phonologi- 
cally relevant in the English language. Skinner® has 
summarized available information concerning in- 
fants’ perception of speech sounds. At two weeks of 
age the infant can recognize the overall rhythmic 
pattern of speech. The ability to discriminate be- 
tween a statement and a question which used the 
same words but a different intonational pattern is 
apparent at eight months of age. Menyuk®’ dis- 
cussed another aspect of the development of audi- 
tion. This is the more complex interaction between 
the perception and mechanisms of speech produc- 
tion, that is between hearing and vocalization. This 
can be measured by studying the effects of delayed 
auditory feedback. In the adult, delaying the audi- 
tory feedback of an individual’s voice will slow the 
rate of his speech. This effect was reported not to be 
seen in children at one year, nine months of age. It 
began at two years, four months of age, and was 
similar to the adult response at four years of age. 
This may indicate that the complex operations re- 
quired for central auditory processing may take a 
number of years to be fully developed in man. 


The nature of environmental sound to which the 
developing organism is exposed seems to determine, 
in part, its eventual auditory capabilities. Most of 
the studies have used various types of sensory depri- 
vation. Gottlieb showed that if a duckling is de- 
prived of its own voice immediately before hatching 
it will not be able to discriminate its mother’s call as 
would ducklings who were not deprived of the audi- 
tory stimulation of their own cries. Further experi- 
ments showed that the deficit involves a decrease in 
the ability to attend to the high frequency compo- 


nent of ¿3e maternal call. Exposure to other sounds 
in the hgh frequency range compensates in part for 
the dep~ vation. The effect persists up to 65 hours 
after hacching. 


Kerr e al® plugged the ears of prehatched 18 1/2- 
day-oid «hick embryos. This resulted in a 40 dB at- 
tenuatica of sound which was maintained to the 

orweurth day posthatching. It was found that 
ikv of the deprived chicks to discriminate 
ge sditory stimuli was decreased when com- 
pared te vormal. 








One c# the earliest studies on the behavioral ef- 
fects of «= 2ditory deprivation in animals was carried 
out by Wolf in the rat. He raised rats with either 
visual or auditory deprivation. Animals deprived of 
auditory stimulation did better in competing for 
food whæ visual cues were used than with auditory 
cues. Ammals raised with visual deprivation did 
better ir food competition tasks when attending to 
auditory stimuli than to visual stimuli. 





By 





Tees noted that rats who underwent auditory 
deprivat#n after birth took longer to discriminate 
betweer patterns, and discriminations were poorer 
than in sormal rats. He felt that auditory depriva- 
tion darsaged the development of auditory acuity in 
these anémals. Thus it would appear that in the rat 
ability tz process auditory patterns is dependent to 
some degree on sensory input. 





The eect of auditory trauma producing hearing 
loss has been investigated in certain strains of 
mice.*® & appears that a partial loss of peripheral 
auditory function during the early postpartum peri- 
od in these mice increases the responsiveness of the 
central «:citory nervous system since later exposure 
to noise will result in epileptic seizures. “Disuse 
superser:itivity” has been hypothesized to account 
for this effect. Henry and Haythorn®’ studied this 
problem by comparing mice with a genetic hearing 
loss to ræice with experimentally produced conduc- 
tive heaz ag loss. They found that they could induce 
audioge~ic seizures in both groups of animals. This 
evidence gives further support to the occurrence of 
disuse sx xersensitivity during early periods of devel- 
opment These studies of priming for audiogenic 
seizures rovide evidence of the ability of environ- 
mental axund to alter the behavioral responsiveness 
of the cestral nervous system. 


environæent in maturing infants have followed sev- 
eral line of evidence. Perhaps the most obvious was 
to inves=.gate the behavioral consequences of con- 
genital searing loss. The effects of severe to pro- 
found s*:sorineural hearing loss on the individual 
are plee aorphic. Most congenitally deaf individ- 
uals exk bit substantial deficits in linguistic skills 
and are<ubjected to profound experiential depriva- 
tion. They are deficient economically and 
socially ~ The well-known difference between the 
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consequer.ces of severe to profound deafness ac- 
quired early in life, before the age of two, com- 
pared to ceafness acquired later in life can be attri- 
buted to che beter linguistic ability of this latter 
group. íS 7071 


The effect in man of auditory deprivation unas- 
sociated with loss of end-organ function has also 
been examined. Perhaps the earliest study was 
reported by Ferodotus.”? He reports that Pharaoh 
Psammetichus had two infants raised in total isola- 
tion from human speech. The infants were nursed 
by goats. The:r first recorded utterance, at the age 
of two, was “becos,” which Itard” conjectures was 
an imitation cf the bleeting of the goat. 


There have been other children whom cireum- 
stances caused tc be raised with little or minimal ex- 
posure tc speech. The best known are the boy Vic- 
tor’ anc the girl Genie.” There are many con- 
founding variables in both these cases, such as the 
possibility of mental retardation and the lack of 
complete histery as to when they were isolated from 
speech. Eoth children, as far as can be ascertained, 
could hear nommally. The children had no language 
when they were first brought to professional atten- 
tion. Victor not develop speech but was able to 
communicate, tc a modest extent, by gesture. Genie 
did develop some rudiments of spoken language 
but, at the time of the report, her language was still 
grossly immature. These cases underscore that pro- 
longed exposure to spoken language at the critical 
age is recuirec for normal language acquisition: 


There are a large number of infants who, because 
of otitis media, have undergone a modest amount of 
auditory ceprivation during their first few years of 
life. Many studies attempted to show that children 
who had otitis media suffered a cognitive deficit as 
a direct or indirect consequence of deficient linguis- 
tic skills secondary to their auditory deprivation.” 
All of these studies suffer from various difficulties in 
their design. Some use esoteric groups, eg, Austral- 
ian aborigines. They may not provide information 
on the extent er the duration of the hearing loss, in- 
clude normal controls, or indicate the child’s hear- 
ing level at the time of testing. Nevertheless, when 
the entire body of data is considered, there would 
appear to be a correlation between modest auditory 
deprivation during the first two years of life and a 
deficit in _ingwistically determined cognitive func- 
tion during ‘ater childhood and adolescence. 
Whether or net these effects are permanent and in- 
variably preseat is not known. 


One of the earliest clinical descriptions of the ef- 
fects of middle ear effusion is that of a seven-year- 
old who had micdle ear infections up to the age of 
three.” Clinical examination of this boy at age 
seven, when his hearing was normal, showed him to 
be behaving like a hearing-impaired child. He had 
difficulty localizing sound and determining where 
background sounds came from; words were not dis- 


criminated clearly; his fund of general knowledge 
was impoverished; he could not find words to ex- 
press his thoughts; he had difficulty with tasks re- 
quiring abstraction and conceptualization; he could 
not understand what was expected of him in social 
situations and he did not understand other peoples’ 
social behavior. There was a delay between his be- 
ing asked a question and his answer, as if he were 
thinking over the question. How much of these ef- 
fects were due to the hearing loss before the age of 
three and what the role of other intrinsic and extrin- 
sic factors was is not known. 


Needleman”? examined the speech and language 
development between ages three and eight in a 
small group of children in whom otitis media had 
been documented before age 18 months and had 
persisted for at least two years. She found that 
children who had had otitis media did significantly 
worse in word articulation, articulation of con- 
nected speech, and in the use of word endings than 
normals, While the study group was small and long- 
term effects were not known, there were clear defi- 
ciencies in the children’s ability to discriminate 
some types of speech sounds. 


Available studies of the impact of auditory depri- 
vation have shown that there is a correlation be- 
tween the anatomical and physiological effects of 
deprivation and its behavioral consequences. Be- 
havioral effects of auditory deprivation, whether 
partial or total, appear to be significant in the 
species examined. They impair the ability of the 
organism to make fine discriminations and, in the 
case of man, jeopardize the child’s linguistic de- 
velopment. The impact of this impairment is not 
only cognitive, but also social and psychological. 


SUMMARY AND CONCLUSIONS 


Plasticity of the auditory system is one of the 
dominant theoretical issues in the development of 
audition. There is evidence indicating that early in 
embryonic life the central nervous system plays a 
major role for the orderly development of the inner 
ear. The developing inner ear in turn appears to 
control the anatomical formation of the central 
auditory nervous system. As the animal matures, 
auditory stimulation governs the physiological, 
behavioral and auditory abilities of the organism. 
The effects of environmental sound in shaping the 
organism’s ability to hear appear to occur before the 
central auditory nervous system matures. Available 
information would indicate that the maturation of 
the auditory system is centripetal, proceeding from 
the inner ear to the auditory cortex. Environmental 
sound would appear to have its greatest effect in 
shaping auditory ability from the time the inner ear 
and eighth nerve first become functional to the time 
when maturation of the central nervous system is 
achieved. Major theoretical questions to be an- 
swered are the extent to which environmental 
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sounds are able to shape the developing auditory 
system, and the long-term effects of various 
acoustical environments on the organism’s auditory 
ability. 


These problems are of importance to the preven- 
tion and care of auditory disease. The issue is 
clearest for the child who is born with a significant 
hearing loss. All available information suggests that 
the infant should be placed in as near a normal 
hearing environment as possible, as early as possi- 
ble. In most cases this would mandate the use of 
hearing aids. But even with hearing aids the child’s 
acoustic environment is abnormal. Other interven- 
tions must be developed to mitigate these deficits. 


Another problem, which affects a population 
much larger than those with severe to profound 
hearing loss, is what, if anything, should be done to 


normalize the auditory environment experienced by 
the mar” young infants and children with modest 
intermittent fluctuating hearing losses due to persis- 
tent mice ear effusion. The answer to this ques- 
“t as clear as the answer for the severely to 
profouncly deaf. The evidence in man would indi- 
cate thet diminution of sound stimulation during 
maturation of the central nervous system does result 
in aberrset auditory function. The significance and 
sequelae of these abnormalities are not known. 
They are probably dependent not only upon the ex- 
tent anc «uration of the auditory impairment, but 
also on #amerous other intrinsic (genetic) and ex- 
trinsic -avironmental) factors. The answers to 
these qu<stions are important because there is evi- 
dence te suggest that these effects may be signifi- 
cant to the total function of a person, especially in a 
society wich is based, to a large extent, on auditory 
commum cation and auditory-based language skills. 
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INTRAMEMBRANOUS AND MESOTYMPANIC CHOLESTEATOMAS 
ASSOCIATED WITH AN INTACT TYMPANIC MEMBRANE IN CHILDREN 


STEVEN M. SOBOL, MD TIMOTHY J. REICHERT, MD KENNETH D. FAW, MD 
CLEVELAND, OHIO ST. Louis. MISSOURI St. Lours. MISSOURI 
MALCOLM 1. STROUD, MD GERSHON J. SPECTOR, MD JOSEPH H. OGURA, MD 


St. LOUIS, MISSOURI 


A series of 15 ntramembranous (IMTC) and mesotympanic (MTC) cholesteatomas associated with intact tympanic membranes in 
children is presented. Clinical observations, audiometric and radiographic data, and surgical findings are correlated. A history of recurrent 
otitis media was obcained in 85% (13/15) of the cases, differentiating them from the usual congenital cholesteatomas. The possibility that 
many of these are indeed “acquired” lesions is emphasized. Hypothetical pathogenetic mechanisms are discussed. The basal cell papillary 
proliferation theory is considered the most attractive explanation of the development of both IMTCs and MTCs. The need for careful, pro- 
longed, follow-up o'eszopic examination of children with recurrent otitis media is stressed, if more of these lesions are to be recognized early. 


Primary chokesteatoma associated with an intact Barnes Hospital, were reviewed. Clinical, audiometric, radio- 


tympanic membrane remains a relatively rare enti- graphic, and surgical data were reviewed. Records from primary 
hese í - care physicians were consulted to accurately determine the fre- 


ty. Most cases published to date have been classified queney of otitis miedia inthe involved: ear. 
as congenital, rather than acquired. Derlacki' 
defined congenital cholesteatomas as: 1) developing CLINICAL DATA 


behind an intact tympanic membrane; 2) occurring 
without previous history of aural infections: and 3) 
arising from embryonal inclusion of squamous 
epithelium within the middle ear. Age and Sex. In the group of patients with IM- 
TC, the average age was approximately one year, 
seven months. This was significantly younger than 
the group of children with MTC, whose ages ranged 
from 17 months to eight years. 


The clinical data for the patients with IMTC and 
MTC are summarized in Tables 1 and 2 respectively. 


Convineing evidence that many of the congenital 
cases reported tc date were not associated with 
prior otologic infection is difficult to obtain. While 
the concept of en “acquired” cholesteatoma behind 


an intact tympanic membrane is not new, there is a Previous Infections. Only one patient with an 
paucity of well-documented cases. Moreover, IMTC had no available history from the pediatri- 
primary intramembranous keratomas (ie, within cian, but the incidence of previous otitis media in 
the drum) not resulting from implantation are even the involved ears of the other children ranged from 
less common. Euedi,? Nager,? and others +5 have one to four. The parents of all patients with IMTCs 
discussed the development of acquired cholesteato- also denied any previous history of otorrhea. Of our 
mas with intact tympanic membranes, thus raising ten children with MTCs, eight had a history of doc- 
suspicion that some “congenital” cholesteatomas umented recurrent otitis media. Records of their pe- 
are indeed “acquired” lesions. diatricians disclosed an average of six bouts of otitis 
Five patients with intramembranous tympanic TABLE 1. SUMMARY OF CLINICAL OBSERVATIONS IN 
cholesteatomas (IMTC) and ten with mesotympanic CHILDREN WITH INTRAMEMBRANOUS 
cholesteatoemas (MTC) occurring in association CHOLESTEATOMAS 
with intact tvmpanic membranes are presented. History of No. of Doc- 
Their histories, aspecially related to previous infec- sists T ie T eae aad 
tions, and findings upon evaluation and at surgery ne 
are described. Clinical observations, as they may Mult. Uni. 6 F Yes = 
relate to pathogenesis, as well as suggestions for P Uni. 13 M Yes 3 
identification ard treatment are presented. PI Uni. 16 M Yes ? 
PI Uni. 27 E Yes 4 
METHODS I Uni. 36 M Yes l 
; . OM - Otitis media; TM - Tympanic membrane; ? - Unknown: 
The records of 15 patients, 12 seen at St. Louis Children’s Uni. - Unilocular; Mult. - Multiple: P - Posterior; I - Inferior; PI - 
Hospital from: December 1977 to March 1980 and three seen at Posteroinferior. 


From the Department of Otolaryngology, Washington University School of Medicine, and the Division of Pediatric Otolaryngology. St. Louis 
Children’s Hospita , St. Louis, Missouri. 

Presented at the meeting of the American Otological Society, Ine., Palm Beach, Florida, April 13-14, 1980. 
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TABLE 2. SUMMARY OF HISTORIES AND AUDIOLOGIC, RADIOGRWWPHIC AND SURGICAL DATA IN CHILDREN 
WITH MESOTYMPANIC CHOLESTEATOMAS 


History of Boano Pure Tone T-Gram Adherence Ossie 
Site Appearance Age/Sex OM Bouts OM__ Average Type Polytomes to TM Erosion 
Anterior Uni, 19 mo/M + r ND ND ND + ~ 
Anterior Uni. 3 yrF + 7 10 dB A Normal ~ ~ 
Anterior Uni. 4 yriF ~ 0) ND A - - 
Anterior Multi. 4 yr/F - 0 20 dB ND Normal P ~ 
Posterior Multi. 17 mo/M + 3 ND ND Normal ~ - 
Posterior Multi. 5 yr/M + 6 35 dB B ND + Incus 
Subtotal* Multi. 5 yr/M + 9 20 dB B Clouding + - 
Subtotal Multi. 5 yr/M + 7 15 dB A Normal ~ - 
Subtotal Multi. 6 yr/F + 6 25 dB B ND + Incus 
Subtotal Multi. 8 yr/F + ig 15 dB A ND f I-S joint 


"Subtotal - Occupying almost the entire mesotympanum. 


OM - Otitis media; TM - Tympanic membrane; ND - Not done; I-S - Incudostapedial; *- Unknown; Uni. - Unilocular; Multi. - Multilocular. 


media in the involved ears. Documentation was 
unavailable on two children. 


Audiologic Findings. None of the five patients 
with IMTC would cooperate to allow tympanom- 
etry or pure tone audiometry. The ten patients with 
MTC had no initial complaints of hearing loss when 
originally seen. Seven children had preoperative 
audiometry. Three were found to have mild hear- 
ing losses (< 15 dB) and four had losses = 20 dB. 
Four had type A tympanograms and three with ob- 
vious middle ear effusions on physical examination 
had type B tympanograms. Acoustic reflexes were 
normal in three of the four type A patterns; in one, 
the reflex was absent. Incudostapedial joint erosion 
was found at surgery in that patient. 


Radiologic Findings. No patients with IMTC had 
polytomography. Five patients with MTC had 
polytomography, which revealed no bony abnor- 
malities. In one patient, clouding of the mesotym- 
panum and mastoid air cells was noted. 


Surgical Findings. Three IMTCs clearly involved 
the posterior aspect of the pars tensa. One patient 
had multiple keratomas (Fig. 1) while the others 
had single keratomas (Fig. 2). The integrity of the 
fibrous layer of the tympanic membrane (TM) was 
at least partially intact with all the IMTCs. Of the 
patients with MTCs, four were found in the anter- 
ior mesotympanum. These were usually well cir- 
cumscribed unilocular cysts (3/4). A photograph of 
an anterior MTC is seen in Figure 3. The multiloc- 
ulated cysts were found more often in the posterior 
mesotympanum or subtotally filling the mesotym- 
panum. A photograph of a posterior MTC is seen in 
Figure 4. In half (3/6) of these latter types, incus 
erosion was found. In four cases, the cholesteatoma 
was intimately adherent to the medial surface of the 
drum. 


Management and Outcome. Three of the four 
cases of IMTC had simple removal of the superficial 
surface of the tympanic membrane with enuclea- 


tion of tae cyst. One patient had a complete excision 
of that area of the TM containing the cholesteatoma 
and repzir of the resultant perforation with an 
underlay fascia graft. Those patients with MTCs 
underwent transcanal tympanotomy with ossicular 
reconstraction in three cases, while one patient re- 
quired £ modified radical mastoidectomy in order 
to remowe more extensive disease. One patient had a 
recurrerze of an anterior mesotympanic cyst one 
year after initial excision. Residual disease localized 
to the st..pes suprastructure was identified at a “sec- 
ond look” procedure in the patient who had a modi- 
fied radwal mastoidectomy. 


DISCUSSION 


Althor zh cholesteatomas associated with an intact 
tympan& membrane have been known to exist for 
some time, their actual incidence is not established. 
In a recent report, House and Sheehy‘ reported on 
41 cases from the Otologic Medical Group, and 
noted that they represented 3.7% of their total 
number of cholesteatoma cases from 1964-1975. 
Not unlixe most, these authors classified the majori- 
ty of the lesions as congenital. Only a few descrip- 
tive reperts of primary “acquired” intramem- 
branous #r mesotympanic cholesteatomas with an 
intact Td may be found in the literature. 


Conceening IMTC, Teed’ in 1936 cited a series of 
reports «Í primary cholesteatomas of the tympanic 
membrane, the earliest of which was described by 
Hinton @ 1863,° as a “sebaceous tumor... on the 
external surface of the membrana tympani.” In 
1883, Pe itzer? described globular pearly growths 
on the eft tympanic membrane of a youngster 
which hed developed in the course of chronic in- 
flammation. Subsequently, he recognized the pres- 
ence of s;uamous debri within these cysts, and sug- 
gested they could disappear spontaneously.'® 


More recently, Smith and Moran" in 1977 
described three cases of presumably primary ac- 
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. Multiple intramembranous keratomas within the pars tensa (arrows). 


Fig 2. Solitary unilocular intramembranous keratoma overlying the malleus and superior pars tensa. 


Fig 3. Anterior mesotympanic cholesteatoma. Large arrow - Anterior canal wall; Small arrow - Umbo. 


Fig 4. Posterior mesotympanic cholesteatoma. Arrow - Malleus, 


quired IMTCs in children with histories of one or 
more bouts of otitis media and no prior otologic 
surgery. Thev speculated that the basal cell pro- 
liferation theo-v best explained the tendency of 
these intramerabranous keratomas to invade the 
fibrous layer ofthe drum. 


Concerning raesotympanic lesions, Curtis!” 
recently publisved a comprehensive review of the 
43 congenital middle ear cholesteatomas reported to 
date, including the 23 cases described by Derlacki.' 
Although his anzlysis included a detailed clinico- 
pathologic description of this disease, the possibility 
that some of these cases might have been “acquired” 
was not sugges: ed. House and Sheehy felt that the 
question of “congenital” versus “acquired” was 
moot, suggesting that simply being alert to the 
diagnosis of ctolesteatoma behind an intact TM 
was sufficient. 


PATHOGENESIS 


Although the etiology, pathogenesis and nomen- 
clature of cholesteatoma has been extensively dis- 
cussed and debated, a consensus has not been 
achieved. The zentral issue concerning the patho- 
genesis of cho.esteatomas in association with an in- 
tact TM lies in determining whether they are con- 
genital or acqwred. Most of the intramembranous 
and mesotympanic cholesteatomas in this report 


(14/16) share two distinguishing features: 1) the 
presence of an intact tympanic membrane; 2) a doc- 
umented history of repeated otologic infection. 


It is generally agreed that true congenital 
cholesteatomas arise from preexisting embryonal 
epithelial rests or pleuripotential tissue which 
changes to squamous epithelium and retains the 
ability to keratinize and form epidermal cysts under 
appropriate conditions.’ While few doubt the 
possibility of occult ectodermal rests within the en- 
todermally derived middle ear mucosa, most agree 
that the microenvironmental condition necessary to 
stimulate these to form cholesteatomas is difficult to 
define. As initially postulated by Körner”? and 
popularized by Derlacki,' the key to the diagnosis of 
a “congenital” cholesteatoma is the absence of a 
history of local trauma or infection. Therefore, 
while a congenital origin of many of the intramem- 
branous or mesotympanic cholesteatomas in this 
report cannot be entirely disregarded, its likelihood 
is reduced. Since most of our patients had a history 
of repeated ear infections, it seems likely that in- 
flammation relates to their pathogenesis. 


Sadé™ supports the theory of mucosal squamous 
metaplasia first emphasized by Wendt!® in 1873, 
and subsequently repopularized by Tumarkin.'* Ac- 
cording to this theory, acquired cholesteatomas 
form as a result of keratinizing squamous metaplas- 
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ia of epitympanic and mesotympanic mucosa. In- 
teraction with local connective tissue resulting from 
recurrent inflammation leads to the formation of 
attic or mesotympanic cholesteatomas. Ultimately, 
as these cholesteatomas enlarge, they communicate 
with the external ear canal by fistulization resulting 
from gradual growth and erosion. 


To support this concept, Sadé and Weinberg” 
have shown that as high as 60% of chronic ears 
have foci of stratified squamous mucosal metaplasia 
in various degrees. Other investigators have con- 
firmed the occurrence of squamous metaplasia, but 
few have demonstrated active keratinization. While 
good experimental evidence supports the concept of 
mucosal metaplasia, less data are available to con- 
firm the ability of this transformed mucosa to 
develop into active cholesteatoma. 


The bulk of available clinical, experimental, and 
histopathologic evidence suggests that most ac- 
quired cholesteatomas are derived from the aber- 
rant inward migration of keratinizing squamous 
epithelium of the drum or canal skin. The migra- 
tion theory which best explains the development of 
cholesteatomas associated with an intact drum is 
that of basal cell papillary proliferation. 


Lange’® in 1925 furnished histopathological 
evidence of ingrowing prickle cells in the 
epithelium of Shrapnell’s membrane in the absence 
of an attic retraction pocket. More recent work of 
Ojala and Saxen’? and Ruedi’? showed the presence 
of proliferative drum basal cells penetrating the 
subepithelial connective tissue in response to ir- 
ritating stimuli. Ruedi claimed that the basal cells 
in the stratum germinativum maintained the poten- 
tial for downward proliferative growth into under- 
lying connective tissues in response to inflamma- 
tion. 


To test this concept experimentally, Ruedi? ap- 
plied an irritative mixture of tale and fibrin to the 
medial surface of an intact TM in guinea pigs. After 
two to three weeks, active invasion of the drum 
epidermal basal cells occurred, ultimately penetrat- 
ing the basement membrane and proliferating into 
columns of desquamating squamous epithelium 
within the newly formed granulation tissue. 
Typical cholesteatomatous masses were thus formed 
behind an intact drum. 


Similarily, studies by Abramson and his 
coworkers?! have confirmed the ability of drum 
epidermis to migrate and form cholesteatomas even 
in the absence of a perforation. Their observations 
suggest that with persistent inflammation, migrat- 
ing drum eithelium will penetrate the basement 
membrane and lamina propria. Nager’ claimed 
that although the pars flaccida and posterosuperior 
TM were the predelective sites for this process to oc- 
cur, focal central papillary-basal cell proliferation 


within he pars tensa could also occur, provided the 
loca: in “ammatory conditions were present. 





The =-ecific mechanics of this process are derived 
from the physiology of dermal-epithelial interac- 
tion. Local patterns of epithelial differentiation, 
spatial swientation and cellular growth have been 
shown zxperimentally to be largely influenced by 

w=1-mesenchymal interactions. The precise 
nature «f these mesenchymal clues is, however, 
somew# at of a mystery but would appear to be 
tissue specific. Inhibitory mechanisms normally ac- 
tive in cther mesenchymal-epithelial interfaces may 
not exist or fail to prevent the proliferation of 
keratir zing drum basal cells under the influence of 
inflammation. Examining these growth patterns 
more ccsely, Lim and his associates’? using phase 
contra: and electron microscopy observed numer- 
ous ‘irs fibrils attached to basal cells serving as a 
guide = epidermal advancement. Epidermal mi- 
gratior tollows this fibrillar orientation, ultimately 
disruptag the basal lamina and basement mem- 
brane, and invading the underlying connective 
tissue voma. The local microchemical environ- 
ment termines the degree of invasion and the 
tenderer toward epidermal cyst formation and ac- 
tive growth. It would appear that the provocative 
impulse for active proliferation and migration is 
inflam sation. 








Ast: unsettled issue concerns the precise nature 
of the .mderlying inflammatory process. As sug- 
gested bv Lim et al, at times this localized inflam- 
materr-reaction must persist in the absence of gen- 
eralize: middle ear infection. Perhaps the advanc- 
ing edæ of the keratinizing epithelium serves as its 
own st ulus for continued inflammation, thus pro- 
ducing ime necessary vicious cycle for the develop- 
ment c: cholesteatoma. 


Upor reviewing these cases, almost all the 
childre# had histories of multiple bouts of otitis 
media in applying the previously discussed theo- 
retical -encepts, it is reasonable to assume repeated 
bouts ef middle ear infection stimulated active 
basal e=] ingrowth and proliferation of tympanic 
membne epithelium. Those occurring within the 
drum MTC) may have resulted from a primary 
focus thin the fibrous layer of the TM, while 
those eseurring within the mesotympanum (MTC) 
may hææ resulted from more diffuse middle ear in- 
flammetion. The degree of secondary inflammation 
arounc. the desquamated material would likely 
determ me the degree of active growth and erosion. 
This præcess is schematically represented in Figure 
5. The time required to develop these cholestea- 
tomas i. not known, but it undoubtedly varies with 
the severity of disease. That most occurred in young 
childrea suggests that the process may occur rapid- 
ly, given the necessary local environment. 











The «her theories offered to explain cholesteato- 
mas asecciated with an intact TM, namely a) con- 
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Fig. 5. Schematic representation of events during basal 
cell papillary proiiferation leading to the formation of IMTC 
or MTC. Initial ccnelike proliferation A) of prickle cells; 
B) coalescing iato an intramembranous keratoma; Ci 
penetrating through TM into ME space, with continued 
growth or rupture; D) encasing ossicles. 


genital, b) migration through a microperforation, 
and c) mucosal metaplasia, are less likely explana- 
tions for most of the cholesteatomas in his report. 


Only two patients had no history of otitis media, 
which would fulfill Derlacki’s criteria for a con- 
genital cholesteatoma. However, while recurrent 
infections woule make the congenital theory less at- 
tractive, the pess:bility of infection acting as the 
provocative imoulse to the growth of dormant 
epithelial rests @ ig. 6) must be considered. 


The possibility of epithelium migrating through 
an undetected and healed perforation cannot be en- 
tirely disregarded. However, none of the patients 
had a history of otorrhea and most had frequent ex- 
aminations by their pediatricians with no observa- 
tion of perforation. 


Last, the fact that all the lesions arose within the 
drum or mesotympanum, and none was found in 
the attic or mastoid, would speak against mucosal 
metaplasia as tne origin of these cholesteatomas. 
Moreover, that four lesions were clearly attached to 
the TM, but separated from the promontory muco- 





Fig. 6. Schematic representation showing a focus of 
pleuripotential cells within the middle ear cleft (A) evolv- 
ing into a MTC (B) presumably provoked by an inflam- 
matory stimulus. 


sa, would further support the notion of the develop- 
ment of these lesions from tympanic membrane 
epithelium. 


CLINICAL EVALUATION AND MANAGEMENT 


Our observations are in general agreement with 
those of Curtis.? Small, unilocular, localized 
mesotympanic cysts tend to occur in younger 
children whereas those with more extensive meso- 
tympanic involvement tend to be a few years older. 


The diagnosis of either IMTC or MTC is made 
primarily by pneumo-otoscopy. Generally, a whit- 
ish mass is seen within or behind a translucent TM. 
The mass may bulge, and its contours may be ac- 
centuated by pneumatization. IMTCs tend to be 
more circumscribed and move with the TM on 
pneumatization. 


Although associated attic retraction was noted in 
one quarter of the patients reviewed by Curtis, 
none of our patients displayed this finding. Otitis 
media with effusion may accompany this disease, 
and obscure the diagnosis. 


Children in our series did not complain of hear- 
ing loss, although pure tone thresholds were 
elevated in five cases. Tympanometry, although 
helpful in identifying associated middle ear effu- 
sions, did not seem to be of value in correctly identi- 
fying the presence of cholesteatoma. 


Similarly, radiological evaluation was not helpful 
in that bony erosion was not seen on any of the 
polytomes obtained. Nevertheless, as suggested by 
Derlacki' and Curtis,'? polytomography may be im- 
portant in identifying disease extending into the 
mastoid or intracranially. Such information would, 
of course, be helpful preoperatively. 


The surgical approach to this disease is foremost 
to effect cure. The patient should be prepared for a 
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possible open or closed tympanomastoid procedure. 
The surgeon may be assisted in his approach by 
knowing that the posterior MTCs have a high in- 
cidence of ossicular erosion. 


This series of patients is too small and the follow- 
up too short to ascertain the natural history of these 
cholesteatomas and the effectiveness of the various 
mastoidectomy procedures used to treat them. The 
philosophy of treatment has been to remove local- 
ized mesotympanic disease which shells out easily 
without necessarily performing a mastoid pro- 
cedure. In those cases where the matrix has to be 
dissected from hyperplastic or metaplastic diseased 
mucosa, the danger of incomplete removal of en- 
trapped keratinizing epithelium, which is presum- 
ably capable of developing into a recurrent chole- 
steatoma pearl, would preclude the use of im- 
mediate ossicular reconstruction. Second-look pro- 
cedures are planned for these patients. Careful, fre- 
quent, and prolonged follow-up for four to five 
years is imperative to detect recurrent disease. 


Derlacki' reported six recurrent cholesteatomas 
in his series, which occurred from 5 to 42 months 
after surgery. House and Sheehy! managed 97% of 
these cases with intact canal wall tympanomastoid- 
ectomy. In the 60% who underwent a planned sec- 
ond stage procedure, residual disease was encoun- 
tered in 32% 


In eanclusion, although Nager” claimed that 
these leztons were so rare “as to lose all practical im- 
portance in diagnosis and therapy,” it is our belief 
that ctelesteatomas behind an intact tympanic 
membrane may be more common than is generally 
recognéed. Careful follow-up examination of 
childrea with recurrent otitis media is mandatory if 
such <c*layed sequelae are to be discovered. 
Moreo«2r, more scrutiny in the labelling of “con- 
genital” cholesteatoma might reveal more of these 
to be “zequired” lesions. To gain more insight into 
the pa®bogenesis of such lesions, closer operative 
and his «logic examination at the time of surgery of 
the m-<cosal tissues attached to and surrounding 
these cl alesteatomas is necessary. 


SUMMARY 


“Acquired” intramembranous and mesotympanic 
cholest#ztomas associated with an intact tympanic 
membvane are probably more common than the lit- 
erature would indicate. Careful follow-up and mic- 
roscop: + examination of children with a history of 
recurrett bouts of otitis media are necessary if more 
of thes are to be discovered. We believe that their 
pathogenesis can best be explained by the basal cell 
proliferation theory of acquired cholesteatoma 
develocament, the provocative impulse being the in- 
flammeztory process. Closer scrutiny of lesions now 
classifiac as congenital cholesteatomas may reveal 
some cz these to be indeed acquired lesions. 
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Labyrinthectoray has been used for years in the surgical management of Meniére’s disease for the control of vertigo. The effects of this 
procedure are predictable and satisfying but residual hearing is sacrificed. With the advent of the middle fossa section of the vestibular 
nerve, it soon became apparent that it was possible to obtain relief from vertigo and at the same time preserve residual hearing. How do the 
two procedures actwal’y compare as far as relief of vertigo, postsurgical ataxia, and recovery periods? The purpose of this paper is to 
evaluate the two precedures in regard to these three parameters. A series of middle fossa operations is compared to one in which the pa- 
tients received a labyrinthectomy. Results and complications in both groups are covered in detail. 


At one time the only procedures available for the 
surgical management of Meniére’s disease were the 
labyrinthectomr' and the suboccipital section of the 
vestibular nerve.* The patient with servicable hear- 
ing lost all auditory function at the time of surgery 
with labyrinthectomy and most of the time with 
nerve section. The past 15 years has witnessed an 
upsurge of interest in operations to eliminate ver- 
tigo but at the same time preserve residual hearing. 
Few if any of these surgical procedures could relieve 
vertigo with the predictable regularity of a labyrin- 
thectomy. The irtroduction of the middle fossa 
vestibular nerve section has been heralded as a 
method of preserving hearing and yet controlling 
vertigo at the same rate as the standard labyrinthec- 
tomy. The purpose of this paper is to review the 
criteria for surgical intervention in Meniére’s 
disease and to compare the functional results of 
these two operations as they relate to control of ver- 
tigo, postsurgical ataxia and recovery period. 
Results and complications for both operations are 
covered in detai.. 


NATURAL COURSE OF MENIERE’S DISEASE 


The classic triad of Meniére’s disease has been 
well established and the diagnosis is basically one 
that can be mace by history alone. The individual 
complains of a fluctuating hearing loss, tinnitus, 
and episodic attacks of vertigo associated with 
nausea and vomiting. A fourth symptom, fullness or 
pressure in the involved ear, is experienced by a ma- 
jority of patients. 


There are two aberrant forms of Meniére’s 
disease in which the individual does not exhibit the 


full triad. Cochlear hydrops is the term employed 
when the patient experiences fluctuating hearing 
loss, tinnitus, and fullness but no vertigo, while 
vestibular Meniére’s disease is used to describe those 
individuals who have the typical episodic attacks of 
vertigo but no cochlear symptoms. In reality, all 
three forms of the disease seem to represent a basic 
underlying process of endolymphatic hydrops. Giv- 
en enough time, those patients with pure cochlear 
symptoms usually develop the full triad. The same 
holds true for those individuals with vestibular 
Meniére’s disease. The basis for the variation in 
severity of the process is not well understood 
because the etiology of endolymphatic hydrops it- 
self has not been established. From clinical observa- 
tion, however, it is possible to establish a series of 
stages through which the average patient pro- 
QTesses. 


Regardless of which form of the disease the in- 
dividual may experience, characteristically there 
are remissions and exacerbations. Early in the proc- 
ess, the attacks are usually spread out over a period 
of several weeks or months and the hearing returns 
to normal after each event. If the hydrops is not 
kept under control, the disease progresses and the 
symptoms become more frequent. The hearing does 
not return after the episode and the individual is left 
with a permanent, low frequency hearing loss. The 
sensation of fullness or pressure becomes constant as 
does the tinnitus. The hearing may continue to fluc- 
tuate with each exacerbation but usually only re- 
turns to the preattack level. At this stage of the 
disease the individual has some warning (aura) 
prior to the episode. 
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With time the hearing gradually decreases (both 
pure tone and speech discrimination) and the pa- 
tient enters a period in which there is no warning 
before the attack. House? refers to this as the un- 
compensated stage of Meniere’s disease. From this 
point on, the disease may progress in one of two 
ways, either the patient has almost constant un- 
steadiness and frequent attacks of vertigo or may 
become symptom free. In either case the hearing is, 
in most cases, essentially destroyed. Fortunately, 
Meniere's disease in the majority of instances, is a 
unilateral entity. One must be cognizant of the fact, 
however, that some individuals may develop bilat- 
eral symptoms. 


It is important to understand these stages of 
Meniere's disease because the treatment varies de- 
pending upon where the individual is in this cycle 
when he seeks medical advice. The status of the bet- 
ter or only hearing ear plays an important role in 
the decision-making process of therapy. 


DIAGNOSIS 


Because Meniere’s disease is associated with a 
unilateral sensorineural hearing loss, one must not 
rely on the history alone to establish the diagnosis. 
A full neurotologic workup* must be performed to 
rule out the possibility of a cerebellopontine angle 
lesion. This should include a history and physical, 
pure tone air and bone conduction audiogram with 
speech scores, vestibular studies, and x-rays of the 
petrous pyramid. 


There are several specific audiometric studies 
that are helpful in confirming the presence of 
hydrops. These include tests such as the ABLB,° 
SISI scores, BERA,’ impedance audiometry,’ and 
glycerol test.? The glycerol test is particularly 
helpful when the hearing (pure tone and/or dis- 
crimination) can be made to fluctuate. 


TREATMENT 


The treatment of Meniére’s disease is either 
medical or surgical depending upon which stage the 
individual is in when first seen and whether he has 
undergone an adequate medical trial. 


Medical. Assuming that the underlying histopa- 
thology of Meniére’s disease is a hydrops of the en- 
dolymphatic system, it would seem logical to base 
the medical management on salt restriction in the 
diet coupled with a systemic diuretic. Jackson et al'° 
have reported a large series of patients managed in 
this manner with a success rate of 75-80%. When 
considering the results of any therapy (medical or 
surgical) it is important to use the same parameters 
for judging success. Control of vertigo alone is not 
considered adequate; the hearing must be stabilized 
as well. The tinnitus and sensation of fullness 
should at least be diminished. 


Im ateiition to salt restriction and diuretics it may 
be mecsssary to use labyrinthine sedatives from time 
to time to control the vertigo. A combination of dia- 
zepam.and glycopyrrolate has been found to be very 
effectiz= in most individuals. While they are exper- 
iencing frequent attacks they are kept on this com- 
binatie« for one to two months. Once their symp- 
toms exe under control the drugs are discontinued 
and used only as needed. Salt restriction must be a 
lifetin= commitment. 








Surgæal. Surgical intervention is only considered 
when the patient is declared a medical failure. 
There re numerous operative procedures available 
for the control of Meniére’s disease. It is not within 
the sce of this paper to review these. Instead we 
would ike to describe the criteria used in selecting 
any ome of the three operations commonly em- 
plovec at the Otology Group. The three surgical 
procec“ares used are the endolymphatic shunt with 
the Avenberg valve,'' the middle fossa total 
vestibm.ar nerve section,’? and the translabyrinthine 
labvristhectomy.' The criteria for deciding which 
operation to recommend depend on several factors 
inchuding frequency of attacks and the status of 
hearing in the involved ear as well as the opposite 
ear. F =x example, if the patient had the disease in 
his on hearing ear, one would not consider a laby- 
rinthexomy (destructive procedure). Should sur- 
gery be contemplated at all, it would have to be an 
operation in which the hearing would usually be 
sparec ¢conservative procedure). 


At toe Otology Group the endolymphatic sac pro- 
cedure is reserved for those individuals who are in 
the 2a” stages of the disease process. Their hearing 
may sùil be fluctuating and between attacks they 
are symptom free. This operation is also advised in 
bilateza. cases and occasionally in only hearing ears 
when * is apparent that, left unchecked, the disease 
will destroy the hearing. The middle fossa nerve 
section. is advised in shunt failure cases when the 
hearirg: is still serviceable (arbitrarily set at 50 dB 
anc 8% speech discrimination score). In some in- 
stances a nerve section might be recommended in- 
stead #< a shunt if the individual's hearing was not 
fluctuating (negative glycerol test) and he was ex- 
perien=ing severe bouts of episodic vertigo. When 
the hearing loss reaches an unserviceable range and 
the cease is unilateral, a translabyrinthine 
labyris@hectomy is advised. 





SURGICAL TECHNIQUE 


Botz the endolymphatic sac and middle fossa 
vestibslar nerve section procedures have been de- 
scribec in detail elsewhere''? and therefore will 
not be discussed here. 


Traxslabyrinthine Labyrinthectomy. The pur- 
4 this procedure is to totally remove the neu- 
it elium of the vestibular end-organ. The pa- 
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Fig. 1. A standard postauricular incision is used to ex- 
pose the mastoic process. 


tient is placed in the supine position with the in- 
volved ear up. After a standard preparation and 
drape, a postauricular incision is made (Fig. 1}. Us- 
ing a high speed air drill and suction irrigation a 
simple mastoidectomy is performed outlining the 
three semicircular canals, the sigmoid sinus, sino- 
dural angle and posterior ear canal wall (Fig. 2). 
The course of the facial nerve is determined by un- 
capping its sheeth from the horizontal canal te the 
digastric ridge. Next, the three semicircular cerals 
are opened (Fig. 3) to expose their membranous 
conterparts. The dissection is carried under the 
facial nerve to apen the vestibule (Fig. 4). Once this 
has been accomplished, the membranous labyrinth 
is completely removed, including the neuroepitheli- 
um of all three ampulae, the utricle and saccule 


In those individuals complaining of severe tin- 
nitus, the operation may be extended at this point to 
include section ef the superior and inferior divisions 
of the vestibular nerve as well as the cochlear nerve. 
To do so one mast outline the internal auditory ca- 
nal (IAC) by removing all the bone superior, pos- 
terior, and inferior to the canal. Opening the dura 
of the canal allows the surgeon to identify Bill's 
bar’ and the facial nerve. With a long right-angle 
pick the operator avulses the other three nerves fill- 
ing the IAC (Fig. 5). These nerves are severed with 





Fig. 2. A simple mastoidectomy is completed and the 
three semicircular canals are exposed. 














Fig. 3. Note that all three canals have been opened, ex- 
posing their membranous portions. 


microscissors (medial to Scarpa’s ganglion on the 
vestibular nerves) and their blood vessels cauterized 
with a bipolar cautery. Abdominal fat is placed into 
the mastoid to prevent postoperative cerebrospinal 
fluid leak. The incision is closed with interrupted 
subcutaneous sutures and a disposable mastoid 
dressing is applied. 


CASE MATERIAL 


This study spans a time frame from January 1970 to December 
31, 1978; therefore all patients have had at least 15 months 
follow-up and in some cases as much as nine years. There were 
1,143 individuals with Meniére’s disease seen at the Otology 
Group during this nine-year period. Of these, 55 total vestibular 
nerve sections are being reported. There were 25 males and 30 
females in the middle fossa groups. In the labyrinthectomy series 








Fig. 4. All of the neuroepithelium of the Aroni has 
been removed, completely denervating the vestibular end- 
organ. 
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Fig. 5. Those patients complaining of severe vertigo may 
receive some relief by section of the cochlear nerve. Note a 
right-angle hook being used to sever the cochlear nerve and 
the superior and inferior branches of the vestibular nerve. 
The facial nerve is seen to the left of the surgeon's instru- 
ment. 


there were 38 females and 33 males. The mean age of the first 
group was 44 years and the second 51 years. Of special interest is 
the fact that only two individuals over 60 underwent a middle 
fossa procedure while 19 patients in their 60s had a translabyrin- 
thine labyrinthectomy. In the middle fossa group 14 of the pa- 
tients were endolymphatic sac surgery failures, and five had 
undergone medical management at the Otology Group without 
success. The remaining 36 cases were either medical or surgical 
failures who had been referred specifically for further surgical 
management. All of the labyrinthectomy series were medical 
failures. Two had experienced previous oval window labyrinthec- 
tomies, 2 had undergone middle fossa superior vestibular nerve 
_ section and 12 were endolymphatic shunt failures. When initially 
seen all patients had unilateral classic Meniere's disease. 


RESULTS AND COMPLICATIONS 


Every individual in this study underwent a 
thorough neurotological evaluation prior to ther- 
apy. Results are reported according to AAOO stan- 
dards”? using the class A, B, C, and D definitions for 
control of vertigo and stabilization of hearing. Class 
A suggests that the hearing improved and that the 
vertigo was controlled. Class B implies that the ver- 
tigo was improved and that the hearing remained 
stable. Class C states that the vertigo was controlled 
but that the hearing was made worse. Failure to 
control hearing or vertigo would place the in- 
dividual in class D. 


Most patients undergoing a middle fossa pro- 
cedure had serviceable hearing (30 dB HL speech 
reception threshold and 80% speech discrimination 
score) in the involved ear at the time of surgery. 
Those individuals subjected to a translabyrinthine 
labyrinthectomy were in a “burned out” stage of 
Meniere’s disease and did not have serviceable hear- 
ing. Results and complications in both series were 


tabulate by an independent observer and not the 
surgeon 


Miade Fossa Vestibular Nerve Section (Superior 
and Inferior), Of the 55 patients in this series 53 
were rel eved of their vertigo (96% ). Seven fell into 
the cass A group (13%), 33 in class B (60%), and 13 
in class | (23%). The hearing was stabilized or im- 
proved a 40 of the 55 individuals (73%). There 
were soar dead ears (7%). In the 55 patients who 
underweat a middle fossa vestibular nerve section 
only 21 fad a record that would indicate whether 
they aac tinnitus and if it was improved or not. Of 
these 3L, 18 (52%) had relief of their symptoms. 
The reeards were also incomplete concerning the 
sensatio® of pressure in the involved ear; however, 
29 of 3¢ 80%) patients did state that the pressure 
was mn croved following surgery. 








Coracications following an intracranial pro- 
cedure can be serious. There is always the possibili- 
ty of extradural or subdural hematoma with re- 
sulting Lemiparesis. Trauma to the temporal lobe 
can caus: edema of the brain followed by expressive 
aphasia. There were no serious complications in this 
group. One individual developed a subdural 
hematoma (1.8%) during the operative procedure 
when the surgeon placed a suture through the dura 
to puli i up against the bone of the skull. In doing 
sO an ar-ery on the temporal lobe was injured with 
the cutt.ag needle. The complication was recog- 
nized as the muscle layer was being closed. The 
dura was opened, the blood clot evacuated and the 
blooc vessel cauterized with the bipolar. The in- 
dividuat did not develop any neurological deficit. 
There were two (3.6%) transient facial weaknesses 
that returned to normal within two weeks. Four pa- 
tients (w.2%) experienced dead ears in the 
postopemstive period. There were three wound in- 
fecticns 3.4%) and no CSF leaks. Eight individuals 
(14%): exntinued to experience unsteadiness in the 
postopexstive period and never fully compensated 
for the less of their vestibular function. 


Trensa.byrinthine Labyrinthectomy. Of the 71 
patients in this series 66 were relieved of their ver- 
tigo (23%). By definition none of this group could 
fall inte sither class A or B because the residual 
hearing was destroyed at surgery. Therefore, all 66 
cases were placed in class C. Those patients not im- 
proved 7y surgery’ were put into the class D 
category A similar problem of record keeping oc- 
curred ir the labyrinthectomy series concerning tin- 
nitus ane pressure. Twenty-three of 32 cases (72%) 
did have -mprovement in their tinnitus whereas 18 
of 21 (87% ) had relief of the pressure sensation. On- 
ly pure feanslabyrinthine labyrinthectomies are re- 
ported here. Those individuals having cochlear and 
vestibule: nerve sections have been excluded. Of 
some significance is the fact that 25% of these 
labyrinthectomy patients continued to have un- 
steadiness in the postoperative period. 
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Complications in this group were limited to two 
wound infecticns. This is understandable consider- 
ing that hearing is not a factor, that the subarach- 
noid space is net violated and the facial nerve is not 
exposed in an area where it is not covered by a thick 
sheath. This is a transmastoid procedure so there 
are none of the potential complications one would 
associate with an intracranial operation. 


DISCUSSION 


In the past ter. years a large number of patients 
with Meniére’s disease have been seen at the Ctol- 
ogy Group. Working closely with these individuals 
and observing their disease in all its stages has lead 
the authors to establish a series of criteria for 
medical management and surgical intervention. 


At the initial visit it is extremely important to 
reassure the patient and explain that symptoms can 
be brought under control either by medical means 
or by one of several operations that are available. 
An important part of the treatment of individuals 
with Meniére’s disease is to make them feel their 
physician is compassionate and understands the 
symptoms they have been experiencing. Just the 
simple statement “I feel that it is possible to control 
your dizzy spells” is of tremendous psychological 
value. Once the patient’s confidence has been 
gained, it is important to explain the disease in sim- 
ple terms so that the rationale for treatment will be 
understood. 


There is, of course, a great deal of disagreement 
as to the proper medical management of Meniere’s 
disease, but the authors continue to be amazed at 
the number cf patients seen at the Otology Group 
who have simply had no attempt at medical con- 
trol. It has been the authors’ experience that 75 % of 
these individuals will benefit from salt restriction 
and diuretics alone.‘° When Meniére’s patients 
become refractory to these measures they should be 
offered some type of surgical procedure depending 
upon what stage of the disease they are in when 
they become medical failures. 


For years the only operation available was the 
labyrinthectomyy procedure and the less frequently 
employed suboecipital vestibular nerve section. The 
labyrinthectomyy operation destroys the residual 
hearing but has always been considered a good 
method of contro_ling vertigo. This therapy was not 
recommended until the patient was incapacitated 
by vertigo because few surgeons were willing to 
destroy an ear with serviceable hearing. While 
hearing could be preserved in some instances of 
suboccipital vestibular nerve section, by and large 
this was not the case. The early work of House," 
Wolfson et al,'* Fick,'® Arslan,” and others were at- 
tempts to contrcl the vertigo surgically without 
destroying the hearing. This led to earlier surgical 
intervention and in some cases success in manage- 
ment of the diszase. 


TABLE 1. POSTOPERATIVE SYMPTOMS IN MIDDLE 
FOSSA VESTIBULAR NERVES SECTION PATIENTS 





Pare Arran ra AL TNR TR er a rara nananana armahda iir ratia i a r em ULAR a 


Age (yr) 20-29 30-39 40-49 50-59 2 60 
Total 

patients 6 11 21 15 2 
Unsteady 

patients 0 0 3 4 l 


Over the years the endolymphatic shunt pro- 
cedure has become popular and is being used more 
frequently and earlier in the course of the disease in 
an attempt to control the hearing fluctuations. 
Glasscock et al'® and House” have found the success 
rate for this procedure to be about 65%. Based 
upon these figures this procedure probably should 
be offered a patient as a first choice because its mor- 
bidity is low. 


When the individual is a shunt failure or when 
hearing is serviceable but not fluctuating, and ver- 
tigo is severe, a middle fossa vestibular nerve section 
(MF) would seem a logical choice. At the beginning 
of this study the authors wanted to compare this 
procedure to the translabyrinthine labyrinthectomy 
(TL) with regard to the complete control of vertigo, 
the postoperative recovery period, and residual 
ataxia. By simple logic, it would seem reasonable to 
assume that these factors should be essentially the 
same, the reason being that when a total vestibular 
nerve section is performed the vestibular end-organ 
is completely denervated just as in a labyrinthec- 
tomy. While this seemed reasonable, the authors 
had never compared the two procedures according 
to these parameters. 


There was no difference between the operations 
in the control of vertigo (MF 96%, TL 93%). The 
authors had assumed that the postoperative recov- 
ery period would be essentially the same and that 
this would depend upon two factors: age of the pa- 
tient at the time of surgery and the amount of re- 
maining vestibular function. This was not necessar- 
ily the case. Table 1 shows a breakdown according 
to age groups for the middle fossa cases and Table 2 
depicts the labyrinthectomy patients. It is inter- 
esting to note that the MF patients had residual 
ataxia in 14% of the cases while 25% of the laby- 
rinthectomy group continued to have balance prob- 
lems. At first glance it might seem that this was a 
significant difference and that perhaps it was the 
removal of Scarpa’s ganglion that made the differ- 
ence. This might be partly true, but Tables 1 and 2 
show that the labyrinthectomy group contained 19 
patients over 60 years of age as compared to only 2 
in the MF series. Certainly there is no question that 


TABLE 2. POSTOPERATIVE SYMPTOMS IN 
TRANSLABYRINTHINE LABYRINTHECTOMY PATIENTS 


Age (yr) 20-29 30-39 40-49 50-59 = 60 
Total 

patients 3 8 20 21 19 
Unsteady 


patients 0 1 5 7 4 
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TABLE 3. IPSILATERAL CALORIC FUNCTION VS 
POSTOPERATIVE DAYS IN HOSPITAL IN TL PATIENTS 





salen Daca ety ttt Sac N aan 
Caloric ays à 
Normal 6.1 
Reduced 5T 
Absent 5.0 


TL - Translabyrinthine labyrinthectomy. 


patients in the older age range (60 +) do not com- 
pensate for the loss of one vestibular apparatus as 
well as younger individuals. There are several 
reasons for this. Most of these patients have failing 
vision and/or arthritis which deprive them of two 
important aspects of their general equilibrium. 


One reason for a larger number of individuals 
over 60 in the labyrinthectomy group is that these 
patients have had their disease longer and therefore 
have a tendency to be in a burned-out stage. A sec- 
ond reason is that the surgeon involved has been re- 
luctant to perform an intracranial procedure in old- 
er individuals because of the technical difficulties 
encountered at surgery. These patients have thin 
dura that is easily torn, difficult to elevate, and 
which bleeds excessively. The risks of intracranial 
complications, therefore, increase in the over-60 
age group. 


Fisch’ has implied that the nerve section patients 
accommodate more readily than the labyrinthecto- 
mized individuals but this has not been the authors’ 
experience. If two individuals have approximately 
the same residual vestibular function and are of 
compatible ages, the authors feel the recovery time 
is identical for vestibular nerve section and labyrin- 
thectomized patients. The usual patient is quite 
miserable for approximately three days following 
surgery. When lying still they experience very little 
difficulty but upon moving their head, will become 
nauseated and in many instances quite vertiginous. 
By the fourth day, they feel much improved and 
can usually sit up in bed and take fluids by mouth. 
From this point on improvement comes daily, so 
that each day they feel better than the previous one. 
At the end of one week almost all individuals are 
able to be discharged from the hospital. Usually 
they remain somewhat unsteady and may need to 
brace themselves when walking by holding on to 
furniture or the walls. By three weeks, most have 
regained their balance sufficiently to perform 
routine daily tasks. 


The authors had felt that hospital stay would be 
directly related to the amount of caloric function at 
the time of surgery. In analyzing the caloric func- 
tion versus postoperative days in the hospital there 
appeared to be little difference (Tables 3 and 4). 


While 93 and 96% relief of vertigo must be con- 
sidered quite satisfactory, how can one account for 
those individuals who continued to have difficulty? 
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TAFL = 4. IPSILATERAL CALORIC FUNCTION VS 
POSTOPEE 








ATIVE DAYS IN HOSPITAL IN MF PATIENTS 
Pee eet aaa a 
PEORES Calorie Days o o Y 
Normal 9.2 
Reduced 8.0 
Absent 3.7 


MF - Mäe lo fossa vestibular nerve section. 


Given tæ fact that they did not develop bilateral 
disease =ad if the symptoms were indeed coming 
from the vestibular end-organ, denervation either 
by nerve section or destruction should render every 
individuæ symptom free. Accepting the fact that it 
is seldom possible to alleviate symptoms in any pa- 
tient 1%-% of the time, this particular question re- 
mains a mystery. Perhaps in association with Meni- 
eres ta= individual had a second disease process 
such as multiple sclerosis. Discounting this cir- 
cumstar e, one must consider the possibility of 
some certral problem related to the long duration 
of time = individual experienced a defective laby- 
rinth. Tasre may be some poorly understood pro- 
cess in ‘ae vestibular nuclei of the brainstem that 
occurs £ a result of misinformation from the mal- 
functicr æg neuroepithelium of the vestibular end- 
organ a’ ected by Meniére’s disease. 


There is no question that both the middle fossa 
nerve seetion and the labyrinthectomy procedures 
are effeeive in controlling the symptom of vertigo 
in Menie»’s disease. Their indications are different 
based uzn the amount of residual hearing present 
at the tine of surgery. Meniére’s patients in the 
burned-cat stage, if they are to undergo surgery, 
should cefinitely have a labyrinthectomy. The 
authors «antinue to see individuals who are inca- 
pacitatec by their disease and refractory to medical 
management, yet a straightforward destructive 
procedwr= has never been suggested to them as a so- 
lution tc zeir problem. When they are finally oper- 
ated up=x they are extremely grateful individuals 
and thei whole outlook on life changes. Much the 
same ca~ be said of candidates for vestibular nerve 
section. zs these patients are extremely happy after 
surgery. Most no longer experience any vertigo, 
their hea~ ng stabilizes and they can lead more nor- 
mal live: 


This s& dy has proven to the authors that the suc- 
cess rate tor the control of vertigo is essentially the 
same for middle fossa vestibular nerve section and 
translate rinthine labyrinthectomy. The recovery 
periods and probably the persistent unsteadiness 
rates ar= essentially the same. For this reason the 
authors “eel quite strongly that labyrinthectomy 
should mst be offered to a patient with serviceable 
hearing mless there is some extenuating circum- 
stance t= preclude a middle fossa vestibular nerve 
sectior. “ne authors have seen several patients who 
had unc-rgone a labyrinthectomy elsewhere when 
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they had serviceable hearing in the involved ear. 
Several years later they developed Meniére’s disease 
in their only hearing ear. When recommending the 
initial surgery it is extremely important to keep in 
mind that bilateral disease does occur. If a patient 
has serviceabie hearing, the operation should be one 
in which the hearing is spared the majority of the 
time. 


When a patient presents with bilateral disease the 
authors do mot recommend unilateral or bilateral 
middle fossa vestibular nerve section. In these cases 
it is much better to treat the patient with strep- 
tomycin injections as described by Singleton and 


Schuknecht”? as the vestibular function can be 
ablated bilaterally with the preservation of residual 
hearing. 


Because of all these factors, it is extremely impor- 
tant for the surgeon to study each patient carefully, 
take into consideration his occupation, his emotion- 
al status and the hearing in his involved and oppo- 
site ear before making a decision as to what type of 
surgical procedure to recommend. Above all, the 
patient must not be made to continue to suffer the 
consequence of his disease without aggressive medi- 
cal and/or surgical management by his physician. 
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Our present-day descriptions of the causes of many forms of sensorineural Geatness are based on what is known about the morphology 
of the organ of Corti. Unfortunately, this information is still woefully inadequate“#r a complete interpretation of normal events within this 
structure. Nevertheless there has been no shortage of theories based, in part at ast, on assumptions of what the unknown morphology 
might be. One of the least understood structures is the tectorial membrane, for wich the extent and position have had many descriptions. 
A review of these reveals that the observations vary with the techniques used, anc cifferent techniques have various effects.on the sticky gel 
of the tectorial membrane which is reported to be 90% water. Here is describec a technique whereby the bulk frozen-hydrated tectorial 
membrane is viewed by scanning electron microscopy. In its natural living state te tectorial membrane is sealed to the Hensen’s cells, pro- 


tecting the reticular lamina from endolymph. 


The pathology of many forms of sensorineural 
deafness will never be understood until we know 
much more about the organ of Corti than we now 
know. Temporary threshold shifts resulting from 
loud sounds, tinnitus, and fluctuant hearing loss are 
examples of auditory phenomena for which there is 
no explanation, Certainly one of the most obvious 
reasons for our inability to fathom the altered 
physiology is our lack of even the basic morphology 
of the organ of Corti, and the main reason for this 
lies in the difficulty of approaching the inner ear for 
study without altering it in some way. 


In general, the action of the organ of Corti has 
been described in mostly mechanical terms. The 
popular notion is that the organ of Corti moves up 
and down on the basilar membrane and that the 
tectorial membrane pulls on the stereocilia of the 
sensory cells, somehow producing a stimulus to the 
nerve endings. Theory has it that increased fluid 
pressure resulting from the hydrops of Meniére’s 
disease alters this process, and that too violent a mo- 
tion produces a depletion of necessary metabolic 
elements producing a temporary threshold shift. 


But for many decades the exact extent and posi- 
tion of the tectorial membrane has had many 
descriptions, and theories of operation have 
depended upon which observation is considered 
valid. For the most part, each conclusion has 
depended upon the technique used to make the 
study. 


Interestingly, this problem has produced much 
conflicting evidence which makes it difficult to 
resolve, When Hilding published his paper in 1952' 
on the origin and insertion of the tectorial mem- 
brane, he mentioned that not only has this topic 


been tae subject of study and speculation for many 
years, wut also resolving the problem is one of para- 
mount importance if one is to understand the physi- 
ology end pathology of hearing. 


Hildďag reported that the insertion of the tec- 
torial membrane in his specimens was firm enough 
to lift and rotate the entire organ of Corti and 
basilar membrane during attempts to remove it. As 
he ceseribed it this insertion is quite complex, con- 
sisting Æ four planes which are fused together (Fig. 
1A). Ome is a continuous membrane which extends 
inwart from the slope of Hensen’s cells across the 
top of the organ of Corti. Above this there is a 
margirel membrane or net extending from the 
thicker portion of the tectorial membrane over the 
top of Hensen’s cells to their base. The Randfaser- 
netz o Held? is a torn remnant of this. He also 
descrites long tongue-like processes of cement sub- 
stance attached to the undersurface of the tectorial 
membrane and extending to its outer slope (Hensen’s 
cells). ~ensen’s stripe is reported to be attached to 
the be der cell supporting the inner hair cell. 


Corti’ in 1851 had said of the tectorial mem- 
brane, “Beyond the external limit [hair cells] the 
same membrane [tectorial membrane] extends over 
the pectinate zone which follows, and nearly covers 
three cows of epithelial cells.” In a footnote he ex- 
plains. znese epithelial cells as being close together 
and ir contact with each other which describes 


Henser’s cells. 


Tonadorf et al,* in experiments using various 
stains x living animals, found the tectorial mem- 
brane dhering tightly to Hensen’s cells, confirming 
Hildin« and the even earlier observations of de 
Vries® who froze fresh temporal bones in liquid air 
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REPRINTS — Merle Lawrence, PhD, Kresge Hearing Research Institute, Department 21 Otorhinolaryngology, University of Michigan Medical School, 
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Fig. 2. A view of the organ of Corti from “above.” A) In the apical turn of the living hee pig the tectorial membrane 


is seen as an almost transparent structure but striations can be seen passing -ver the hair ce 


ls and on to Hensen’s cells. B) For 


orientation and comparison the organ of Corti stripped of the tectorial meærsrane is shown in comparable magnification by 
scanning electron microscopy. Preparations made by Paul Burgio. 


loidin embedding almost always shows the tectorial 
membrane detached and floating free above the or- 
gan of Corti. Methods of preparation for scanning 
electron microscopy are bound to be equally devas- 
tating. 


The component of greatest quantity in any bio- 
logical material is water, reported to be 70 to 80% 
of the total weight. The tectorial membrane is de- 
scribed as a gel with more than 90% water in its 

“solid” constitution’? and as having a unique ionic 
content. The shape and attachment of this mem- 
brane are considerably altered by hydration-dehy- 
dration changes, thus it is extremely sensitive and 
subject to change by any method of histological pro- 
cessing. All of the reports referred to here that have 
involved examining the tectorial membrane in its 
natural living state report it sealed and extending 
over Hensen’s cells.'-3-5-9-? Measur %/* of the elec- 
tric DC potentials in 
organ of Corti ha 
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Fig. 3. The organ of Corti and tectorial membrane in 
the bulk frozen-hydrated state as seen through the scan- 
ning electron microscope. The inserted dark line marks the 
endolymphatic bercer of the tectorial membrane. The 
arch and hair cells can be seen. O - Outer hair cells; I - In- 
ner hair cells; T - Tannel. 


ing surface prepared under a dissecting microscope. It is essential 
that all preparation be done well below the surface of the liquid 
nitrogen and that the cutting tool be cooled to the same tempera- 
ture. 


The viewing surface on the specimen is prepared by a cutting 
tool which was chosen to assure that the viewing surface is flat 
and smooth and is in the same plane as the surface of the specimen 
holder. The holder was designed to maintain the specimen at cry- 
ogenic temperature, ard thereby prevent the generation of ar- 
tifacts when transferring the specimen from the liquid nitrogen 
bath to the cold stagein the scanning electron microscope. 


The specimen temperature upon arrival at the cold stage is 
about — 185 C and hydration has been maintained. The polished 
flat surface of interest is normal to the electron beam when the 
holder is placed on the cold stage, so the goniometer can be used 
to adjust the take-off angle for maximum collection efficiency. 
The specimen was viewed in a JSM U-3 scanning electron micro- 
scope and specimen temperature was maintained by a Joule- 
Thompson refrigerater. A cryo-tip panel (Air Products) was used 
to regulate the pressure of nitrogen gas feeding the refrigerator 
thus controlling the temperature of the specimen. 


RESULTS 


When first viewed, the prepared surface of the 
frozen-hydrated specimen appears featureless. As 
water sublimates off with slightly rising tempera- 
ture more morpneclogical detail is revealed. At a 
very early stage cf this process the fine structures of 
the organ of Corti can be seen with minimal distor- 
tion due to dehydration. 


Figure 3 shows the bulk frozen-hydrated speci- 
men with minimel surface water sublimated. In this 


figure details of the tectorial membrane are out- 
lined. In Figure 4A the same picture is shown with- 
out an outline. This specimen has been cut through 
at a slight angle as evidenced by the section through 
two outer hair cells. This angle of cut also gives the 
basilar membrane an uneven appearance. 


The tectorial membrane thickens immediately 
upon leaving the limbus and makes contact with the 
supporting cell around the inner hair cell. This is 
the region of Hensen’s stripe and is the region of 
greatest thickness of the membrane. Directly above 
the row of outer hair cells the membrane reduces 
down to a very thin membrane. This is not a porous 
net but a continuous solid membrane which on de- 
hydration breaks free from its attachment to Hen- 
sen’s cells and shrinks unevenly giving the appear- 
ance of a net — the Randfasernetz of Held. In the 
normal position this thin portion of the tectorial 
membrane extends over Hensen’s cells after its at- 
tachment, just as described by Hilding. Lim’ in his 
paper shows a view of the undersurface of the tec- 
torial membrane by scanning electron microscopy. 
His picture fits perfectly with what we have just 
described, showing Hensen’s stripe for attachment 
at the inner hair cell and the outer hair cell hair im- 
prints just at the edge of tectorial membrane thin- 
ning to show remnants of the thin extension after 
being broken free from Hensen’s cells by dehydra- 
tion. 


With slightly rising temperature and minimal 
further sublimation (Fig. 4B), the tectorial mem- 
brane thins somewhat and shrinks in its long dimen- 
sion breaking the attachment to Hensen’s cells. The 
last portion to break free from the reticular lamina 
is Hensen’s stripe. Figure 4 B, C, and D show pro- 
gressive steps of these changes. As sublimation con- 
tinues the features of the organ of Corti become 
more readily distinguishable. In Figure 4C the tec- 
torial membrane has become completely separated 
from the organ of Corti. 


CONCLUSIONS 


The picture that results from this study is that the 
tectorial membrane normally lies close to the reticu- 
lar lamina from the inner hair cell supporting cell to 
the outermost hair cell where the membrane thins 
down to attach to and extend over the Hensen’s 
cells. Much support for this observation has recently 
come from other studies. Kohlléffel,'’ reporting for 
several species of animals (sheep, cow, pig, guinea 
pig, golden hamster, and mole), describes that in all 
of these there were preparations where the tectorial 
membrane is attached to the organ of Corti. “The 
attachment was firm so that teasing the tectorial 
membrane deformed the organ of Corti and teasing 
the organ of Corti deformed the tectorial mem- 
brane.” Y 


Kronester-Frei'®'? has developed a preparation 
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Fig. 4. The appearance and position of the tectorial membrane as the ie=crystals sublimate with slight rise in tempera- 


ture. A) Same view as Fig. 2 with minimal sublimation; temperature — 85 C: B) 10 minutes after A, temperature — 75 C; C) 
30 minutes after A, temperature — 50 C; D) 45 minutes after A, temperate ~ 35 C. 


making it possible to study the unfixed tectorial 
membrane in its normal position in relation to the 
cochlea and with in vivo-like ionic condition. Under 
normal conditions she observed that “the marginal 
zone lies in close contact with the organ of Corti” so 
that the subtectorial space is sealed from the en- 
dolymph. She reports further that a change in the 
ionic content of endolymph, by such a solution as 
perilymph, changes its hydration state and size. The 
membrane shrinks and detaches from the organ of 
Corti. 


These observations have provided us with an an- 
swer to a puzzling paradox. It is now well estab- 
lished that the fluid spaces of the organ of Corti are 
filled with so-called Cortilymph which is a special 
variation of perilymph produced by the spiral 
capillaries of the osseous spiral lamina. It is also 
well documented that if Reissner’s membrane is 
broken and perilymph enters the scala media, the 
hair cells degenerate. Why should perilymph from 


one direct:on destroy the hair cells while from the 
other it Gees not? 


Now we know, from Kronester-Frei’s work, that 
the change in ionic content of the endolymph causes 
the protecting tectorial membrane to shrink and 
detach allowing the high potassium of the endo- 
lymph tc-enter the subtectorial space and affect the 
hair cells 


This a> suggests an explanation for those audi- 
tory pnercemena for which we have had, until now, 
no explar ation. Any slight change in the ionic con- 
tent of ecdolymph changes the normal attachment 
of the teetorial membrane, allowing an abnormal 
ionic ‘lux to bathe the cuticular plate of the hair 
cells. Ths need not be permanent because the tec- 
torial membrane, constantly being regenerated by 
the spire! limbus, can repair itself, Temporary 
threshold shifts, tinnitus, and fluctuating hearing 
loss coule be produced this way. 





Aside zom faulty absorption of endelymph by 
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the endolymphatic sac, a hydrops could be pro- 
duced by osmotic changes in the endolymph- 
perilymph condition, and the changed chemical 


composition of endolymph producing this might 
well affect both the auditory and nonauditory 
labyrinth. 
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MYRINGOPLAS TY 
A REVIEW OF 472 CASES 
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We reviewed the records of 472 patients who had undergone myringoplasty cwring an 11-year period at the Otologic Medical Group. 
There was a statistically significant relationship between the size of the perforatie «and the degree of hearing impairment, but no relation- 
ship between the degree of impairment and the complaint of tinnitus. The majority of operations were performed using the lateral surface 
fascia grafting technique. Those 168 operations performed postauricularly were saceessful in closing the tympanic membrane perforation 
in over 97% of the cases and in reducing the conductive deficit to 10 dB or less ia88% . There were no total sensorineural impairments, 
although 3% of the patients developed a high tone sensorineural impairment. Bluming in the anterior sulcus and lateral healing of the graft 
were very uncommon. Canal skin was used as a graft in 16% of the patients. The graft take results and hearing results were less favorable 


than with fascia. 


Patients undergoing myringoplasty are an ideal 
group to study to determine the effect of a tympanic 
membrane perforation on the hearing mechanism 
and to evaluate the effectiveness of tympanic mem- 
brane grafting techniques. This is a review of 472 
primary myringoplasty operations performed at the 
Otologic Medical Group over an 11-year period. 


DEFINITION 


Myringoplasty is an operation in which the re- 
constructive procedure is limited to repair of a tym- 
panic membrane perforation.’ Implicit in the defi- 
nition is that the ossicular chain is intact and mobile 
and that there is no middle ear disease such as in- 
fected mucosa or ingrowth of skin. Exploration of 
the middle ear and ossicular chain is a routine part 
of most myringoplasty operations. 


We reviewed the charts of all patients at the 
Otologic Medical Group who had had a myringo- 
plasty performed during the years 1967-1977. There 
were 545 operations of which 472 were primary 
procedures. These 472 myringoplasties represent 
10% of the primary operations performed during 
the 11l years on patients with tympanic membrane 
perforations. We did not contact patients for addi- 
tional follow-up. All had early follow-up informa- 
tion but only 50% had been observed for one year 
or more (Table 1). 


TABLE 1. LENGTH OF FOLLOW-UP IN CASES WITH 
INITIAL GRAFT TAKE 


Length of Follow-Up (mo) % | 








= 2 100 
2 6 82 
212 51 
> 24 32 


PREOPESATIVE INFORMATION 


Age. We do not usually recommend elective tym- 
panic membrane grafting on patients under the age 
of sevea because of the possibility of postoperative 
middle ear effusion or patient management prob- 
lems. There were, however, three 6-year-olds, four 
5-year- dds and one child of 4 years in this series. All 
but om> had had a recurrent discharge problem 
withow: any evidence of serous effusion in the oppo- 
site eer. Of the total myringoplasties performed, 
88% wore on patients 16 years of age or older (Ta- 
ble 2). 


“"MBLE 2. PRIMARY CASES BY AGE (N = 472) 


= Age of Patients (yr) oe l 
=< 6 ( & cases) 2 
<15 12 
216 88 
>70 (13 cases) 3 


Eticægy. The majority of patients stated that 
their problem was the result of infection (Table 3). 
Slag im aries were uncommon in this study because 
injurie of this type usually result in a middle ear 
problem which takes them out of the category of 
myringewplasty despite an intact and mobile 
ossicu ar chain. 


Duration of Disease. The few patients with slag 
injuries and those with traumatic perforations 
usually sought operative treatment within a year of 
injury.. The majority of those whose disease was the 


even ireen aee HAP tel SAA Ae Aran rman area aeree a a artists he 


TABLE 3. FIRST EAR ONLY (N = 446) 






of Perforation a % ‘je 
Chronic otitis media 78 
Tvaama 19 
Sieg injury 3 


From the Otologic Medical Group, Inc., Los Angeles, California. Supported by fures from the Ear Research Institute, Los Angeles, California. 
Presented at the meeting of the American Otological Society, Inc., Palm Beach, Flesida, April 13-14, 1980. 
REPRINTS — James L. Sheehy, MD, 2122 West Third Street, Los Angeles, CA 90052. 
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TABLE 4. PRAMARY CASES, 1967-1977 (N = 472 


IAPAA Amiria rrim PE AEAN D miaa mna ieren 


Graft Material To 





Fascia 71 
Canal skin 16 
Other* 13 


*Fascia combined wih canal skin; perichondrium; homograft. 


result of infecticn delayed surgery for five years or 
more. 


Tinnitus. Myringoplasty cases are an ideal group 
to evaluate tinnitus in relationship to the degree of 
hearing impairment. Theoretically there is no dis- 
ease other than tne perforation of the tympanic 
membrane. A statement in regard to tinnitus was 
found in 85% ef the records examined. Tinnitus 
was present in 98% of the small number of slag in- 
juries and 55% ef the remainder. 


We expected to find that patients with a 20 dB or 
more conductive deficit would be more likely to no- 
tice tinnitus thaa those with an impairment of 10 
dB or less. Furthermore, we expected that those 
with some degree of sensorineural impairment 
would be more likely to notice tinnitus. We were 
not able to prove either of these assumptions. In 
fact, those with a minimal impairment were more 
likely to notice tinnitus, but the difference did not 
prove to be statistically significant. 


Size of Perforation. We were interested in deter- 
mining whether there was relationship between the 
size of the perforation and the degree of conductive 
impairment. Thirteen (60%) of 22 large perfora- 
tions (more than 75% of the drumhead) were asso- 
ciated with a coaductive impariment of 21 dB or 
more, and the mean impairment was 21 dB. Two 
patients (10%), towever, had an impairment of 10 
dB or less. There were 166 small perforations (quad- 
rant size), and 55% of these patients had an impair- 
ment of 10 dB or less, with a mean of 13 dB. (An- 
teriorly located perforations were associated with 
this minima. gap three fourths of the time.) Eight- 
een patients (10 %), however, had an impairment of 
21 dB or mcre. The majority of perforations (224) 
were of medium size and 70% of these patients had 
an impairment gr2ater than 10 dB (mean of 17 dB). 
The differerce between impairments in the small 
and the large perforations was statistically signifi- 
cant (X’?= 74.3, P=0.001). Differences between 
small and medium, and medium and large perfora- 
tions were nct statistically significant. 


GRAFTING TECHNIQUE 


The 472 operations were performed by 14 otolo- 
gists, six of whcm are present members of the 
Group. These six performed 55% of the procedures. 
The lateral graftirg technique was used in all but 12 
cases. The majoriy of operations were with fascia, 
but a significant aumber were performed with ca- 
nal skin or a combination of canal skin and fascia 
(Table 4). 


TABLE 5. HEALING PROBLEMS IN FASCIA GRAFT CASES 
T e t 


herera irap manani annei e 


Healing Problems % 
Temporary canal stenosis 1.3 
Anterior blunting 1.3 
Lateral healing 0.7 
Persistent epithelitis of membrane 1.3 


Canal Skin, We used the canal skin grafting tech- 
nique frequently in the 1960s.? One member of our 
Group still prefers canal skin for closing a small per- 
foration. 


Fascia. We have described in detail the lateral 
surface fascia grafting technique using autograft 
fascia, dehydrating and rehydrating it before use.’ 
This technique involves removal of canal skin, re- 
moval of the anterior canal bulge, lateral grafting 
with fasica placed under the malleus handle and re- 
placement of canal skin. All but two in our Group 
use a postauricular approach with this technique. 
The 168 operations performed postauricularly will 
be reported separately throughout the paper as a 
selected group of cases. 


Lateral surface grafting has come under consid- 
erable criticism. Experienced otologists who are ad- 
vocates of either the lateral (onlay) or medial (un- 
derlay) grafting techniques appear to obtain almost 
identical results. But those not experienced have 
had more difficulty with the lateral surface tech- 
nique, and it is indeed more difficult for the novice. 


The novice will find that the medial surface tech- 
nique is less difficult and is not associated with the 
healing problems which occur occasionally when 
using the lateral surface technique. He may also 
have a lower rate of graft take until he obtains pro- 
ficiency with the technique.’ In contrast, the lateral 
surface technique, although more difficult for the 
novice to master, will give him greater exposure and 
a higher graft take rate. But healing problems, par- 
ticularly blunting in the anterior sulcus and lateral 
healing of the graft, may occur until the technique 
is mastered. That these problems have not been fre- 
quent in our hands is obvious from Table 5. 


RESULTS OF SURGERY 


We would like to report that almost all patients 
had a successful graft take and a postoperative con- 
ductive deficit of 10 dB or less. This was not the case 
unless we look only at those 31% operated on with 
the recommended technique: postauricular approach, 


TABLE 6. GRAFT FAILURE IN PRIMARY CASES WITH 
6 MONTHS OR MORE FOLLOW-UP i 


Fascia 
All Canal (Selected 
Cases Skin Fascia Group) 
(N = 387) (N = 64) (N = 273) (N = 153) 
Graft 
failure 12.1% 15.6% 9.5% 2.6% 
<6 mo 9.0% 10.9 % 7.7 % 2.0% 


Late 3.1% 4.7% 1.8% 0.6% 
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TABLE 7. POSTOPERATIVE CONDUCTIVE DEFICIT IN 
SUCCESSFULLY GRAFTED CASES WITH 6 MONTHS OR 
MORE FOLLOW-UP 


E TAAU AEI EIA papper ri e AAAA E R treme he seh tii Taare A mani yaaan aa i riaa RAAT aT TETAS IT, 


Fascia 
Postoperative Canal (Selected 
Conductive All Cases Skin Group) 
Deficit (dB) «(N= 340 (N = 54 N = 149) _ 
= 5 58 % 53% 69 % 
<10 79% 68 % 88 % 
<15 93% 93 % 96 % 
< 20 96 % 98 % 97 % 


fascia graft only, always placed under the malleus 
handle. This group is referred to as the selected 
group (Tables 6 and 7). 


Graft Failure. The selected group fascia graft 
failure rate was less than 3% (Table 6). The overall 
failure rate in primary cases with six months or 
more follow-up was unacceptably high: 9% . A small 
but significant number of cases failed later. The ca- 
nal skin graft results were less favorable than the 
fascia graft results, a not unanticipated finding.* In 
recent years this technique has been used by one of 
our Group only in small inferior perforations and 
the initial graft take rate has been comparable to 
the fascia. 


Healing Problems. Many advocates of the under- 
surface technique comment that one of the major 
reasons for using that technique is to avoid the heal- 
ing problems encountered with lateral surface 
grafting: anterior blunting and lateral healing. 
Having used the lateral surface grafting technique 
almost exclusively since 1955, members or our 
Group became experts on these problems and how 
to prevent them: always remove the anterior canal 
wall bulge, never place the fascia on the anterior 
canal wall and always place the fascia under the 
malleus handle (or under the lateral epitympanic 
wall when the malleus is absent).* Healing prob- 
lems still occur at times but in less than 2% of the 
cases (Table 5). 


Hearing Results. We determine the postoperative 
conductive deficit by comparing the postoperative 
air conduction level (averaged at 500, 1,000 and 
2.000 Hz) with the best bone conduction (BC) level 
(averaged at the same frequencies) obtained at any 
time, and in most cases this is a postoperative BC 
level. We believe that using the best BC level gives a 
truer picture of the mechanical efficiency of the 
reconstruction than does computing the gap closure 
based entirely on the preoperative BC which may 
be influenced, particularly in unilateral cases, by 
the affect of masking. 


One would expect a successful myringoplasty to 
have a perfect hearing result: a postoperative deficit 
of 5 dB or less. This was not the case (Table 7). 
Overall less than two thirds are within 5 dB and 
only 80% are within 10 dB. The selected group of 
fascia graft cases heard better, but not by much. An 
easy and immediate explanation of this is the com- 


TABLE... POSTOPERATIVE CONDUCTIVE DEFICIT 
COMPAE—) TO PREOPERATIVE DEFICIT IN PRIMARY 











CASES WITH ONE OR MORE YEAR FOLLOW-UP AND 
INTACT TYMPANIC MEMBRANE 
Postoper®ive 
Conductwe Preoperative Conductive Deficit (N = 472 
Deficit w B) <10dB  <20d4dB 21-30dB 231dB 
N =27% (76% 20%) (4%) 
sE 66 % 62% 46% 42% 
= R 87 % 82% 81% 58 o 
=< IE 97 Fo 94 % 94 % 92 % 
> it 


3% 6% 6% 8% 


monly sated (and to a certain extent true) state- 
ment thac laterally grafted drums are thicker. But 
canal sk.2 grafted drums tend to be very thin and 
the resi. « were not better in this small group of 
cases (Tale 7). The most likely explanation for this 
lack of c#mplete success from a hearing standpoint 
is that iv most cases of chronic otitis media, even 
though te ossicular chain may appear normal, 
there is sme factor of scar tissue which prevents 
total res-zration of hearing. The findings in Table 8 
tend to «:hstantiate this possibility: the larger the 
preoperax've conductive deficit, the less likely the 
patient i. to obtain an ideal hearing result. This 
points o.+ the difficulty the surgeon may have in 
assessing whether the ossicular chain movement is 
normal. 


Sense~ neural Hearing Impairment. There were 
no dead ars or serious sensorineural impairments in 
this greg of 472 myringoplasty operations. A loss 
of BC of ©) dB or more at 2 kHz or 4 kHz or both oc- 
curred ir 3% of the cases. In 1.3% of the primary 
cases th= aigh tone loss resulted in a 15 to 20 dB loss 
of BC aweraged in the three frequencies. It would 
be reasenable to speculate that this sensorineural 
impairmasnt was due to trauma to the ossicular 
chain, perhaps due to the drill which we use rou- 
tinely ir zne fascia graft technique. 


Trau atic Perforations, There was no clinically 
significant difference in the graft take results in the 
trauma:« perforation or slag injury cases when 
compars« to the other cases. 


Tymxznosclerosis. Some have said that the pres- 
ence of ~ympanosclerosis in the membrane is a bad 
prognostic sign in regard to graft take. In the se- 
lected ¢ oup of fascia graft cases there was no dif- 
ference tween the graft take results in cases with 
and witout tympanosclerosis in the membrane. We 
routine. = remove plaques of tympanosclerosis in the 
membræe before grafting, however. 





Postczerative Serous Effusion. We do not per- 
form eustachian tube function tests preoperatively. 
Of signi “icance in light of this is that middle ear ef- 
fusion was detected postoperatively in only one 
case, ant that was an adult. 





COMMENTS 
Tina 


“us. The only big surprise in this study was 
the lac» of any apparent relationship between the 
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complaint of tinnitus and the degree of conductive 
hearing impa.rment. Unfortunately we were not 
able to draw any conclusions in regard to relief of 
tinnitus following successful surgery because this in- 
formation was not recorded in the chart. 


Graft Take. We were not pleased with the overall 
graft take results but are not too surprised at the 
findings. Canzl skin grafts which were used in all 
cases 20 vears ago have an unacceptably high fail- 
ure rate in large perforations and a significant late 
failure rate. In recent years those in our Group who 
prefer this tecanique and its transcanal approach 
have limited tre technique to smaller perforations 
in dry ears, a situation in which the failure rate is 
lower. 


The 7.7% early failure rate with fascia in myr- 
ingoplasty wa: higher than anticipated. We had 
known frem yearly audits of short-term results over 
the last 15 years that myringoplasty cases fared 
worse than our tympanoplasty with mastoidectomy 
cases and have had no good explanation for this dif- 
ference. The Figher than anticipated failure rate 
here turned out to be due to technique differences 
among various. members of the Group. Those who 
used a postaurmular approach had an early failure 
rate (2% ) whica we believe is acceptable. The hear- 
ing results also were better in this selected group of 
cases, 


Aftertheughts. What have members of our Group 
learned from this study? Except under unusual cir- 
cumstances lateral surface fascia grafting should be 


performed through a postauricular approach. The 
canal skin grafting technique does not produce as 
satisfactory results as had been assumed by some of 
our Group and this technique should be limited to 
closure of small perforations. We may continue to 
counsel patients contemplating myringoplasty that 
the graft take rate is over 90%, that hearing im- 
provement may be noted in 70-80% (of those whose 
preoperative deficit is more than 10 dB), that 2-3% 
may have worse hearing following surgery and that 
the likelihood of a total loss of hearing following 
surgery is very remote. 


CONCLUSIONS 


1. The graft failure rate in myringoplasty may 
vary considerably with the surgeon’s technique. 
Lateral surface fascia grafting through a post- 
auricular approach was successful in over 97% of 
the cases. 


2. The incidence of healing problems (blunting, 
lateral healing) with lateral surface fascia grafting 
is low. 


3. Despite a successful grafting procedure up to 
20% of patients may maintain a residual conduc- 
tive deficit of 11 dB or more and this is more likely 
to occur in patients whose preoperative conductive 


deficit is over 30 dB. 


4. The incidence of high tone sensorineural hear- 
ing impairment was 3%. Severe sensorineural im- 
pairment did not occur. 
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Haemophilus influenzae in otitis media... 
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- should be recognized that a positive Coombs test may be 
due to the drug. 

Ceclor ® (cefacior, Lilly) should be administered with 
caution in the presence of markedly impaired renal func- 
tion. Under such a condition, careful clinical observation 
and laboratory studies should be made because safe 
dosage may be lower than that usually recommended. 

ae in Pregnancy—Although no teratogenic or antifer- 
tility effects were seen in reproduction studies in mice and 
rats receiving up to 12 times the maximum human dose or 
in ferrets given three times the maximum human dose, the 
safety of this drug for use in human pregnancy has not 
been established. The benefits of the drug in pregnant 
on should be weighed against a possible risk to the 

S. 
-Usage in Infancy— Safety of this product for use in 
-infants less than one month of age has not been 
established. 


__ Adverse Reactions: In clinical studies in 1493 patients, 
adverse effects considered related to cefaclor therapy were 
- uncommon and are listed below: 
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a valid concern 


in many areas of the country, 
increasing numbers of H. influenzae 
show resistance to conventional 
antibiagic therapy. "° 


Ceclor s effective in the treatment of 
otitis mediat including that due to some 
ampici !in-resistant strains of H. influenzae.** 


Ceclor nas been shown to be clinically 
and bccteriologically effective in treating 
otitis media due to susceptible organisms. "° 


Ceclor s available in two pleasant-tasting 


liquids. 


Ceclor provides effective single-agent 
antibio ic therapy for otitis media. 


Note: Ceclor is <ontraindicated in patients with known allergy to the cephalosporins 
and should be @wen cautiously to penicillin-allergic patients. 


+ Due to susceptite strains of Streptococcus pneumoniae, H. influenzae, staphylococci, 
and S. pyogenes 





Gastrointestinal symptoms occurred in abou 5 
percent of patients and included diarrhea (1 in =} and 
nausea and vomiting (1 in 90). 

Hypersensitivity reactions were reported in asaut 1.5 
percent of patients and included morbilliform euotions 
(1in 100). Pruritus, urticaria, and positive Coombs tests 
each occurred in less than 1 in 200 patients. 

Other effects considered related to therapy iaciuded 
eosinophilia (1 in 50 patients) and genital prurits or 
vaginitis (less than 1 in 100 patients). 

Causal Relationship Uncertain— Transitory ataermalities 
in clinical laboratory test results have been rep ated. 
Although they were of uncertain etiology, they we listed 
below to serve as alerting information for the pe ysician. 

Hepatic—Slight elevations in SGOT, SGPT, alkaline 
phosphatase values (1in 40). 

Hematopoietic— Transient fluctuations in leu=ecyte 
count, predominantly GN Ae ia occurrincae infants 
and young children (1 in 40). 

Rena!— Slight elevations in BUN or serum cmatinine 
(less than 1 in 500) or abnormal urinalysis (les: ™an 
Tin 200). Jo703790] 


250-mg/5-mi oral suspensions 
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O may help relieve symptoms of vertigo and tinnitus 
O helps dilate responsive vessels in the inner ear 


O helps increase blood flow through 
the labyrinthine <rteries 


O helps maintain m2an arterial blood pressure 
with little risk of hypotensive episodes 


for vertigo or tinnitus due to spasm in the 
labyrinthine network* 


Arlidin (nylidrin HCl) 
may relieve the spasm, 
stop the vertigo 
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Brief Summary 





*Indications: Based on a review of this drug by the National 
Academy of Sciences—National Research Council and/ 
or other information, FDA has classified this drug as “ pos- 
sibly” effective for peripheral vascular disease and circu- 
latory disturbances of the inner ear. Final classification 
of the less-than-effective indications requires further 

investigation. 









Contraindications: Acute myocardial infarction, paroxysmal 
tachycardia, progressive angina pectoris and thyrotoxicosis. 
Warnings: In patients with cardiac disease such as tachyar- 
rhythmias and uncompensated congestive heart failure, the 
benefit/risk ratio should be weighed prior to therapy and re- 
considered at intervals during treatment. Adverse Reactions: 
Trembling, nervousness, weakness, dizziness (not associated 
with labyrinthine artery insufficiency), palpitations, nausea 
and vomiting may occur. Postural hypotension. while not re- 
ported, may also occur. Dosage: Orally, 3 to 12 mg. three or 
four times a day. How Supplied: White. scored tablets, 6 mg. 
and 12 mg. Bottles of 100 and 1000: single-dose blister packs, 
boxes of 100 (10 x 10 strips). 
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Stria edema, and in some cases atrophy, follows osmotic agents, loop-inhibitin pdiuretics, acoustic trauma, and rupture of Reissner’s 
membrane. All have in common an imbalance of fluid and electrolytes in the cochtsar duct. The glycerol test causes temporary improve- 
ment in hearing in Meniére’s disease. Glycerol causes stria edema and collapse of Fsissner’s membrane in the chinchilla. Stria edema, as 
well as stria atrophy, are found in Meniére’s disease. Metabolic manipulation of thes:ria might be the best approach in the search for suc- 


cessful treatment of Menieére’s disease. 


The stria vascularis appears to be important for 
the regulation of the fluid and electrolyte balance of 
the endolymph, perhaps as the kidney regulates the 
fluid and electrolytes in the whole extracellular 
fluid volume. Stria marginal cells are characterized 
by numerous basal cell processes that contain large 
numbers of mitrochondria, and large amounts of 
Na‘-K*t-adenosine triphosphatase (ATPase).' Con- 
traluminal surfaces of proximal convoluted and dis- 
tal tubules in the kidney have a similar morphology 
and enzyme content.? Large surface area, ample 
supplies of adenosine triphosphate (ATP) and large 
amounts of Na*-K*-ATPase in both cell types, sug- 
gest a contraluminal site for an active ion transport 
pump. 

The stria vascularis is in contact with the en- 
dolymph at the marginal cell surface, and with a 
perilymphatic tissue (the spiral ligament) at the 
basal cell surface. A protein, horseradish peroxidase 
(HRP), introduced into the cerebrospinal fluid dif- 
fuses through the perilymphatic tissues, but does 
not enter the stria through the basal cell layer.’ 
When HRP is introduced intravenously, it leaves 
the stria vessels and remains within the stria.‘ 
Jahnke’ concluded from freeze fracture studies that 
the marginal cell tight junctions are “intermediate 
to tight,” whereas the basal cells are sealed from the 
perilymphatic tissues of the spiral ligament by num- 
erous “very tight” junctions.’ This suggests that the 
stria is isolated from its surrounding tissues except 
for its vascular bed and perhaps the endolymph. 


In the kidney proximal tubule, an intercellular 
pathway that is permeable to water and ions can be 
demonstrated from the tubular lumen, through the 
tight junctions and intercellular spaces, and 
through the basement membrane to the vessels.‘ 
The tight junctions between proximal tubule cells 


are freel= permeable to ionic and colloidal lan- 
thanum’ 2nd are thought also to allow the passage 
of NaCl zad water.® Freeze fracture studies of these 
“leaky” t ght junctions show that they are joined by 


a single j:nctional strand.’ 


The («aky tight junctions between proximal 
tubule «ls have been widened following man- 
nitol. T.ght junctions (five to ten strands) have 
been ruptured by hypertonic urea, mannitol, and 
glycerol n the epithelium of the toad bladder.’ Ul- 
trastructurally clear “bubbles” are found within 
these juactions,’ and freeze fracture studies con- 
firmed tat these bubbles ultimately are accom- 
panied kx disruption of the junctional connecting 
strands.” In addition, these junctions allow passage 
of barium sulfate.? In the stria vessel endothelial 
cells, sitar bubbles associated with the tight junc- 
tions hae been frequently found ten minutes after 
intravenous glycerol (Fig. 1, inserts A and B). Tight 
junction between stria marginal cells and between 
endothega! cells are frequently widened after in- 
travencis glycerol administration (Fig. 2). While 
we suspæt that these junctions are open, confirma- 
tion wil require the use of tracers and freeze frac- 
ture tech. niques. 


Extemmve intercellular expansion between kidney 
proxima tubule cells has been demonstrated during 
osmotic diuresis induced by glucose.’? Mannitol, 
also an asmotic agent, causes diuresis by inhibiting 
fluid rez »sorption in the kidney proximal tubules.” 
Large <msages of mannitol cause vacuolization of 
proxima tubule cells and a widening of the in- 
tercelluzr spaces.'? Mannitol also causes fluid ac- 
cumuleton (edema) in the stria intercellular 
spaces.’ Therefore, in both kidney and stria, 
permea zie tight junctions and widened intercel- 
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“ig. 1. Stria from chinchilla sacrificed three hours after 6 gm/kg IV glycerol. Stria edema (s) is marked, and marginal 


cells me a:e scalloped. ic - Intermediate cell; V - Stria vessel; bc - Basal cells; E - Endolymph. (x4,300). Insert A. Ten min- 
ute sacrifice; 6 gm/kg IV glycerol. Stria vessel endothelial cell with junctional “bubble” (B) associated with the tight junction. 


V -Vessel kamen ah Insert B. Three hour sacrifice; 6 gm/kg IV glycerol. Stria vessel endothelial cell with junctional 


“bubble” (E). V - Vessel lumen (x15,300). 


lular spaces st ggest that osmotic agents alter fluid 
transport throagh an intercellular pathway. 


Stria vessels are more permeable to protein than 
other vessels in the cochlear duct* and probably 
allow for the passage of mannitol into the intercel- 
lular spaces of the stria. After mannitol administra- 
tion, expansior. of these spaces is the first morpho- 
logical alteratior (Fig. 3A). The molecular size of 
mannitol (8.6 A diameter) is larger than plasma 
membrane pores (8.0 A diameter).'® This is thought 
to limit manni ol diffusion into cells. Thus, the in- 
itial effect of mannitol is to raise the osmolarity of 
the intercellular space, drawing fluid from the en- 
dolymph and/or stria cells. Condensed marginal 
cell cytoplasm suggests that fluid is drawn from 
marginal cells (Fig. 3B). However, an overall in- 
crease in stria thickness indicates that intercellular 
fluid must be derived at least partially from outside 
the stria. Scalleping of the endolymphatic surface 
takes place after stria edema is extensive, and stria 
thickness is increased. This scalloping may simply 
be due to increased fluid pressure within the stria 
causing the marginal cells to bulge into the en- 
dolymphatic space. 


While the expansion of the intercellular spaces 


appears to be the initial event after mannitol, the 
expansion of marginal cells occurs first after gly- 
cerol. Thirty seconds following completion of an in- 
travenous infusion of glycerol in the chinchilla, 
vacuolization and massive swelling of the apical 
portion of the stria marginal cell is evident (Fig. 4). 
This cell swelling is accompanied by only a slight 
intercellular spacing. Ten minutes after glycerol, 
moderate intercellular edema is evident and the 
swelling at the endolymphatic surface of the mar- 
ginal cells has subsided. Thirty minutes after 
glycerol, stria edema is marked and the endolym- 
phatic surface of the marginal cells appears normal. 
Stria edema is still extensive and the marginal cell 
surface is scalloped three hours after glycerol ad- 
ministration (Fig. 1). Widened junctions are pres- 
ent between vessel endothelial cells at 30 seconds 
and 10 minutes, and between marginal cells 10 
minutes and 3 hours after glycerol (Fig. 2). 


The glycerol molecule is smaller (6.2 A diameter) 
than the plasma membrane pores (8.0 A diameter)" 
and may readily diffuse into the cell. Stria pathol- 
ogy suggests that glycerol enters the stria marginal 
cells, raising their osmolarity, causing the cell to ab- 
sorb fluid from the endolymph. When the stria cells 
have become hypotonic relative to the intercellular 
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Fig. 2. A) Ten minute sacrifice; 6 gm/kg IV glycerol. 
Stria marginal cell tight junction appears widened. E - En- 
dolymph. (x121,300). B) Three hour sacrifice; 6 gm/kg IV 
glycerol. Marginal cell tight junction appears widened. E 
-Endolymph (x116,100). 


spaces, eellular fluid is drawn into these spaces, 
demons: ‘ating a transcellular pathway for osmotic 
fluid treasport to the stria vessels. 


The ¢~xcerol test has been used to diagnose en- 
dolymp ztic hydrops. Klockhoff and Lindblom" 
reported that 1.5 gm/kg glycerol taken orally often 
results im temporary hearing improvement two to 
three hærs after administration. Angelborg and 
colleague" found that urea, but not mannitol," 
also imwoves hearing. They reported that in- 
traveno.x glycerol? and urea'* reduce cochlear 
pressure :n guinea pigs while mannitol does not. 
Prelimi-zry findings show that intravenous glycerol 
in the exinchilla causes an almost immediate col- 
lapse ©  Reissner’s membrane (Fig. 5). These 
cochleaz were fixed by immersion with no perfusion 
in order & avoid disturbance of cochlear partitions. 
There was no collapse of Reissner’s membrane in 
saline exaitrol animals. This collapse induced by 
glycero. occurs at the same time as the massive 
swelling and vacuolization of the marginal cells, 
suggest xz that endolymph volume may be reduced 
by fluic.< bsorption into the stria marginal cells and 
transpcsted out of the stria through the vessels. We 
have not found collapse of Reissner’s membrane 
after in ravenous mannitol. Perhaps a significant 
transce: ular transport route is necessary to quickly 
reduce endolymph volume. Such could explain 
Angelb-rg’s'® lack of hearing improvement in pa- 
tients aad absence of cochlear fluid pressure reduc- 
tion in animals following mannitol. 








Whi.+ the administration of an osmotic overload 
to the s*ria is effective in producing temporary stria 
edema «ether mechanisms may also be implicated. 
Tempcziry stria edema is present after ethacrynic 
acid ad-ninistration and is thought to be a result of 
enzym= inhibition. The presence of adenylate 
cyclase #ACase) has been demonstrated in the stria 
vascula~s;?? ACase is a magnesium-dependent 
ATPase that converts ATP to cyclic adenosine mon- 
ophosy sate (AMP), liberating energy. Cyclic AMP 
(cAMF? levels in the cell are thought to regulate 
electrchete and fluid transport in some tissues.”' In 
the kidy, ethacrynic acid inhibits the activity of 
plasma mnembrane ACase,” and decreases the reab- 
sorpticæof sodium chloride and water in the kidney 
tubules ~ The inhibition of ACase activity by 
ethacr,æ ic acid has also been shown in the stria.”*° 









Wh: the inhibition of stria ACase activity after 
ethacrswzic acid may be a factor in the formation of 
stria ec=ma, a possible reduction of endolymph vol- 
ume h= not been investigated after ethacrynic acid. 
ACase activity is stimulated in the intestine by 
cholerz toxin, and massive intestinal secretion (diar- 
rhea) : thought to be a result of cAMP elevation.”° 
Feldmza and Brusilow’’ injected active cholera tox- 
in intc e scala media and reported a significant in- 
crease a endolymph volume. If the stimulation of 
ACase activity by cholera toxin increases the en- 





338 DUVALL ETAL 





ae i BES RES HS ORR ce ot ig o EE are ; oh 





Fig. 3. Ai Stria vascularis from chinchilla sacrificed five minutes after 4 gm/kg IV mannitol. Widened intercellular 


spaces (s) with condensed cytoplasm in stria marginal cells (mc). V - Stria vessel: E - Endolymph; sl - Spiral ligament 


(x5,000). B}Stzia from chinchilla sacrificed 60 minutes after 4 g 
to Fig. 3A. Massive stria edema is present as widened intercel 


mikg IV mannitol. Note widened stria thickness as compared 
ular spaces (s) with scalloped marginal cells (mc), condensed 


tentacies (1, intermediate cell (ic), spiral ligament (sl), endolymph (E) (x5,000). 


dolymph volume, then the inhibition of ACase ac- 
tivity by ethacrvnic acid should, by implication, 
result in a reduction of endolymph volume. 


Metabolic irh-bition of active transport mech- 
anisms may allow intercellular sodium to enter the 
stria cells and endolymph, and allow potassium to 
enter the stria intercellular spaces from the stria 
cells and endolymph. The effective diameter of the 
ion influences its diffusion rate through the cell 
membrane. Hydrated potassium is 30% smaller 
than hydrated sodium and diffuses out of the nerve 
cell 100 times faster than sodium can enter the 
cell.'* Therefore, if we assume by extrapolation that 
an analogous sicuation exists in the stria, inhibition 
of ion transport will lead to a diffusion of potassium 
into the intercellular spaces at a rate faster than 


that of diffusion of sodium into endolymph and 
stria cells. Thus, the osmolarity of the stria in- 
tercellular spaces is temporarily increased relative 
to the endolymph and stria cells, and fluid can 
osmotically enter the stria intercellular spaces. 


Ethacrynic acid inhibits the active reabsorption 
of sodium chloride in the kidney, resulting in in- 
creased urine excretion. If one assumes that the 
drug acts in an analogous way upon a sodium chlor- 
ide pump at the base of the stria cell, one would ex- 
pect this to lead to a retention of sodium chloride 
which should manifest itself anatomically as swell- 
ing of the stria cells. In reality, however, the stria 
marginal and intermediate cells are shrunken dur- 
ing the stria edema after ethacrynic acid,’*?° in- 
dicating a fluid movement out of the stria cells. A 
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Fig. 4. Stria from chinchilla sacrificed 30 seconds after 6 gm/kg IV glr~crol. Stria edema is slight (s), but there is massive 


swelling of the apical portion of the marginal cell (mc) and vacuole formazan (V). N - Nucleus; | - Stratification of marginal 
cell cytoplasm at the level of the tight junction. E - Endolymph (x4,200°. 


mechanism that would increase the osmolarity of 
the intercellular spaces would seem a more logical 
explanation than inhibition of NaCl transport from 
the cell. 


Stria edema after ethacrynic acid may be a result 
of directly inhibiting a stria potassium pump,” 
allowing diffusion of potassium out of the en- 
dolymph and sodium into the endolymph. A change 
of ion concentration in the endolymph, decrease in 
the endolymphatic potential, and stria edema have 
all been demonstrated after ethacrynic acid.*' Eth- 
acrynic acid inhibits ACase activity in the stria.’ A 
potassium pump maintaining a positive potential 
that is associated with ACase activity has been 
demonstrated in the salivary gland of the blowfly 
(Calliphora erythrocephala).*? When ACase activi- 
ty is stimulated by 5-hydroxytryptamine (ser- 
otonin), an active secretion of KCl into the gland 
lumen is accompanied by the elevation of intracell- 
ular cAMP levels. Normally, a positive potential is 
maintained in the gland lumen, and this potential is 
increased when cAMP levels are increased.” A 
similar potassium pump may be used in the stria to 
maintain the positive endolymphatic potential. The 


ultrast~.sctural localization of ACase activity on the 
stria marginal cell endolymphatic surface might in- 
dicate fat an active potassium pump at this site is 
regula-<d by ACase activity. Preliminary results 
show t# at ACase activity is concentrated along this 
endolyarphatic surface (Fig. 6). 


Diu-=tics are not the only cause of stria edema. 
Edema occurs after many diverse stimuli that have 
in common an interruption of the cochlear duct 
allowicg endolymph and perilymph intermixing. 
When Feissner’s membrane is damaged by mechan- 
ical teexing,** acoustic overstimulation,** or atoxyl 
poisom#&:g,°* stria edema is the common pathology. 
Stria ec.ema also follows an acoustic insult of 123 dB 
for 1E minutes (two octave band) that tears the 
organ Æ Corti from the basilar membrane. This 
removes the only effective barrier at this site to 
endole-aph-perilymph exchange,” since the basilar 
membzzne is freely permeable to even a protein.’ 
Stria efema after one such acoustic insult is reversi- 
ble beeause the basilar membrane is soon covered 
by a ayer of epithelial cells. Less stria edema 
follow: a repeat of this acoustic insult 28 days later, 
presumably because the epithelial cells that cover 
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Fig. 5. Midmodiolar cochlear section from chinchilla sacrificed 30 seconds after 6 gm/kg IV glycerol. ! - Collapsed 


Reissner’s membrane (x60). 


the basilar mer brane after the first insult are resis- 
tant to separation from the basilar membrane. 
Therefore less endolymph-perilymph exchange vc- 
curs.°° 


After the mechanical” and acoustic rupture” of 
Reissner’s membrane, stria edema is followed by 
stria atrophy. “his suggests that the endolymph- 
perilymph exch: nge in these situations is prolonged 
or too extensive fcr the stria to return the sodium- 
potassium concentrations in endolymph to normal 
values. Thus, wren the stria overload is too great, 
stria edema may progress to atrophy. Stria atrophy 
is found in temporal bones with endolymphatic hy- 
drops.” In ult-astructural studies of human strias 
obtained at labrrinthectomy, Kimura and Schuk- 
necht”? found s ria edema and scalloping of the 
marginal cell surface in portions of the stria that 
were minimally atrophic. Thus, in Meniére’s 
disease, as well as in animal experiments, stria 
edema appears -o indicate overload that is tem- 
porary, while acrophy indicates overload that is 
overwhelming aad irreversible. 





CONCLUSIONS 


Various stria vascularis pathologies indicate that 
the stria is important for endolymph maintenance. 
Kidney tubules aad the stria vascularis demonstrate 





Fig. 6. Stria of normal chinchilla incubated with 
substrate 5’-adenyl-imidodiphosphate. Lead precipitate 
on endolymphatic surface (1) and in stria vessel basal 
lamina denotes adenylate cyclase activity in the stria 
(x15,800). Insert - Higher magnification of endolymphatic 


surface (1) (x38,900). 
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many anatomic and enzymatic similarities. Edema 
is a common manifestation of overload in both tis- 
sues. In addition, the stria edema following osmotic 
overload is accompanied by Reissner’s membrane 
collapse. This provides a logical explanation for the 
temporary hearing improvement that follows the 


ingestion of glycerol in early Menieére’s disease. 
Failure œ respond to glycerol in long-standing 
Meniére’: disease might be explained by stria ex- 
haustion as indicated by stria atrophy. Edema 
without significant atrophy probably indicates an 
ability of the stria to still respond to overload. 
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The present iavestigation examined the effects of sickle cell anemia on threshold hearing. The study included 43 homozygous sickle 
cell anemia: patierts, ages 7-18 years, and 23 age-matched controls with documented normal hemoglobin. Both the study and control 
groups received otelozic and audiologic examinations. Bilaterally normal hearing was found in 88 % of the sickle cell subjects. Unilateral or 
bilateral mild high frequency sensorineural hearing loss was demonstrated in 12% (5 of 43). The control subjects revealed no hearing loss. 
The sickle cell grovp, therefore, exhibited a higher than usual incidence of hearing loss. Further, three of the five subjects with hearing loss 
evidenced central rervous system involvement, resulting in a probability of < 0.025 that this relation might occur by chance. Periodic hear- 
ing evaluations of children with sickle cell anemia should be performed to identify those with auditory complications and those who possib- 


ly may have CNS nvolvement. 


INTRODUCTION 


The purpose of the present investigation is to 
study the threshold hearing of patients with sickle 
cell disease, specifically homozygous SS patients. 
Because cf the occurrence of vasoocclusive crises, 
sickle cell disease may compromise inner ear blood 
flow and thus cause sensorineural hearing loss. 
Some studies have reported cases of moderate to se- 
vere hearing lo:s as a consequence of this disease,'~3 
while in other studies only slight to moderate high 
frequency losses are reported.**® In some of these 
studies, hearing threshold data were from subjects 
displaying a variety of hemoglobinopathies.*> In 
the present study, therefore, we will attempt to 
clarify the incidence and configuration of sensori- 
neural loss among homozygous SS patients. 


Sickle cell amemia is caused by a genetically in- 
herited hemoglebinopathy, in which valine is sub- 
stituted for glutamic acid in the sixth position of the 
beta chain of the hemoglobin. When an individual 
has the heterozygous condition, he inherits the he- 
moglobin SA pettern. This is considered sickle cell 
trait. The term sickle cell anemia is used to refer to 
the symptomatie group of individuals whose hemo- 
globin contains cnly hemoglobin SS, the homo- 
zygous conditiog. 


The gene for HbS is found predominantly in de- 
scendents from sub-Sahara Africa, Mediterranean 
countries and Irdia. In the United States 8.5% of 
the black populetion has the heterozygous genotype 
(hemoglobin SAs and another 0.3 to 1.3% of the 
black population has the homozygous genotype 
(hemoglobin SS) ’ 


The initial cinical presentation of sickle cell 


anemia usually occurs in the first few months of life 
when the level of normal fetal hemoglobin, HbF, 
decreases and the HbS concentration increases. Fre- 
quently, the first symptom of the disease is dactyli- 
tis, or the “hand and foot” syndrome. This syn- 
drome consists of swelling of the hands and feet 
without erythema and with extreme tenderness. 
These episodes are self-limited and usually do not 
appear after the age of three.® 


The growth and development of these children 
are abnormal as reflected by a mean weight of ap- 
proximately two standard deviations below chil- 
dren of the same age. Sexual and skeletal maturity 
are uniformly delayed. Sickle cell patients have in- 
creased susceptibility to infection and this, in com- 
bination with painful crises, accounts for the ma- 
jority of hospitalizations for these patients. The life 
span and overall prognosis for patients with homo- 
zygous sickle cell anemia varies greatly among indi- 
viduals, and statistics tend to be inconsistent in this 
area. Lehmann et al note that patients with sickle 
cell anemia may survive to middle age with good 
medical care.® 


Bunn describes the major manifestations of sickle 
cell disease as follows:’ 1) chronic hemolytic 
anemia; 2) systemic manifestations including im- 
pairment of growth and development and increased 
susceptibility to infections; 3) vasoocculsive or pain- 
ful crises, episodes of pain of varying severity which 
come on over a few minutes or hours and last a few 
hours to days. The pain is attributed to the occlu- 
sion of small vessels by sickled cells with the release 
of kinins and, in many instances, microinfarctions. 
4) Organ damage is the consequence of multiple 
microvascular occlusive events and of chronic 
anemia. 
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The pathophysiology of sickle cell disease has 
been described by Diggs as an increased viscosity of 
the blood by crystallization of HbS in the red blood 
cells.'° The sickled and rigid red blood cells “log 
jam” vascular channels and produce stasis, hypoxia, 
vascular and perivascular lesions. 


LITERATURE REVIEW 


Morgenstein and Manace report pathologic changes 
in the temporal bone of a 10-year-old male with 
chronic sickle cell disease that are quite similar to 
Diggs’ description.' The child was known to have a 
moderate bilateral sensorineural hearing loss. These 
investigators found absence and abnormality of 
many inner and outer hair cells, as well as sickle cell 
engorgement of strial vessels. Venous and capillary 
channel blockage by clumped sickled cells was 
found throughout the temporal bone. The organ of 
Corti showed ischemic changes, and the strial 
changes were consistent with hypoxia. Middle ear 
ossicles revealed bone resorption. 


Another early report of hearing loss related to 
sickle cell disease was provided by Urban in 1973.3 
Recovering from coma secondary to sickle cell cri- 
sis, a 20-year-old black male displayed a total sen- 
sorineural hearing loss. Eleven days following 
resolution of the crisis, audiograms revealed a 
significant improvement in hearing. Speech recep- 
tion thresholds of 27 dB and 50 dB were noted for 
the left and right ears, respectively. Three months 
after the first postcrisis hearing test the subject’s 
thresholds improved still further, achieving the 15 
dB and 38 dB levels for the left and right ears, re- 
spectively. 


In a large sample of sickle cell subjects, Todd et al 
showed a statistically significant percentage of in- 
dividuals with sensorineural hearing loss.° These in- 
vestigators studied 83 Jamaican sickle cell subjects, 
ranging in age from 12 to 39 years, along with 83 
control subjects in the same age range. Essentially 
half of each group were males and half were fe- 
males. Twenty-two percent of the sickle cell group 
as compared to 4% of the control group displayed 
hearing loss of at least 25 dB (International Stan- 
dards Organization, 1964) in one or more frequen- 
cies (500-8,000 Hz). Hearing loss in the sickle cell 
group was predominately in the high frequency re- 
gion (2,000-8,000 Hz), and occurred as often in 
right as in left ears. Also, an equal number of males 
and females displayed hearing loss. Approximately 
half of the sickle cell group was 12 to 19 years of 
age, with the other half ranging in age between 20 
and 39 years. The incidence of hearing loss among 
the younger subjects (12-19 years) was 15% of ears, 
while the rate for the 20 to 39-year-old subjects was 
13% , and that for the 30 to 39-year-old group was 
27%. The control group in the same oldest age 
range showed no hearing loss at all. Although the 
number of ears (26) in the oldest sickle cell subjects 


was reztively small, these data may suggest in- 
creased. incidence of hearing loss resulting from re- 
peated rises. Todd et al conclude that involvement 
affectirg the auditory system is a two-fold process 
incladiag severe anemia causing hypoxemia and 
thrombosis. 


Serjezat et al explored the theory that bone mar- 
row engergement secondary to marrow hyperplasia 
in sck=2 cell anemia may similarly affect the 
petreus bone.'! Their report examined the possible 
effect o: done marrow expansion causing narrowing 
of the Eternal auditory canal and resultant com- 
pressier of the eighth nerve. This process could ac- 
court fer a sensorineural hearing loss in sickle cell 
anemia secondary to pressure necrosis of the audi- 
tory nerve. These investigators examined the radio- 
graphic measurements of the internal auditory ca- 
nals of 32 SS subjects with and without abnormal 
audiograms. They found no correlation between 
canal ste and abnormal audiometric findings and 
concluced that narrowing of the internal auditory 
canal isaot responsible for hearing loss in sickle cell 
disease. Serjeant et al speculate that sensorineural 
loss 2s dæ to sickling and impaired blood flow in the 
cochlea” venous system causing anoxia of the hair 
cells ani striae vascularis. 





Berre examined the possibility that patients with 
more sikle cell crises experienced greater sensori- 
neural #ss.* He reported data on six adults from a 
veterans hospital who displayed mild to severe high 
frequerwy loss and recurrent crises. There were 
three cases with SA, two with SC and one with SS. 
Three subjects (1 SA, 2 SC) with more frequent epi- 
sodes stwwed 15 to 20 dB greater losses. Due to the 
smal semple size and mixture of hemoglobin- 
opathie:, caution must be exercised in generalizing 
Berry's Bindings to SS subjects. 





In [€77 Orchik and Dunn noted a single case of 
an k8-\ear-old male in sickle cell crisis who upon 
recover- exhibited marked hearing loss.? The initial 
audiogm:ms revealed total bilateral sensorineural 
deafness. much like the case reported by Urban. 
Subseqaent audiograms revealed no response for 
the rigkt ear and improvement in the left to the 63 
dB leve (pure tone average). 


Saar and Orchik report the auditory test find- 
ings ef nine sickle cell (8 Hb SS and 1 Hb SC) and 
nine normal subjects.* These investigators show 
that eizht of nine sickle cell subjects had normal 
hearing in each ear from 500 through 8,000 Hz. The 
remaining subject demonstrated a unilateral high 
frecuemcy sensorineural hearing loss. From their 
fincings, Sharp and Orchik state that peripheral 
hearing acuity is not significantly affected by sickle 
cell anemia. They, therefore, believe their findings 
differ wom those of Todd et al who report 22% of 
83 subscts with some hearing loss, primarily in the 
high feequencies. Although the Sharp and Orchik 
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sample is very small, their data in fact reveal an 
11% (1 of $) hearing loss among their subjects. 


The literatu-e, therefore, suggests several con- 
figurations of hearing loss in patients with sickle cell 
disease. A few case studies report profound bilateral 
losses consequent to severe episodic crisis with par- 
tial recovery of hearing over time. Other investiga- 
tions using larger samples show a significant amount 
of hearing loss primarily in the high frequency re- 
gion. Perhaps tne former reflect infarctive episcdes 
for some patiems, while the latter represents the ef- 
fects of impaied inner ear circulation resulting 
from hypoxia. Finally, some reports suggest repeated 
crises may caus an increased incidence of hearing 
loss probably cue to further compromise of inner 
ear circulation. 


METHODS 


The present investigation was undertaken to study the inci- 
dence and configuration of hearing loss among homozygous SS 
patients. The contrution of repeated crises to hearing loss also 
was explored, altheugh indirectly. Experimental subjects con- 
sisted of 43 black children and two adults with sickle cell anemia. 
Controls included 2 aze- and race-matched children with hemo- 
globin AA. 


Since it was diffieul: to determine accurately the incidence of 
crises among the SS children of this study, it was assumed that in- 
creased age weuld produce increased crisis episodes. Thus, to ex- 
plore indirectly the-eftects of repeated crises upon hearing, the 
group of experimerzal children was divided into two age divi- 
sions: 7 through 12 wears, and 13 through 18 years. The control 
subjects also were gmuped in this manner. In a further attempt to 
examine the effects of crises on hearing, adult SS subjects were 
sought for this stud’. Two such subjects agreed to participate. 
Obviously the hearmg data from these few subjects cannot be 
considered characteaist.c of SS adults. However, the findings from 
them are included fər the sake of interest and completeness. 


Otological and aucliclogical examinations were conducted with 
each child in the experimental and control groups. Any cerumen 
noted during otoscoyry was removed. All 43 children in the experi- 
mental group were eocumented as having homozygous SS disease 
by hemoglobin electrophoresis in cellulase acetate and agar gel, 
and were followed regularly in the Sickle Cell Clinic of the 
Children’s Hospital National Medical Center, Washington, DC. 
The control greup oz 2¢ children was documented to have normal 
hemoglobin electrornoreses with AA pattern; no child with sickle 
cell trait (SA) was icluded in this latter group. The two adult 
subjects participatins in this study were referred from the Sickle 
Cell Clinic of the Washington Hospital Center, Washington, DC. 
This clinic documeated that both adults had homozygous SS 
hemoglobin. 


The audiological svaluation of all study subjects consistec of 
pure tone audiomets’, tympanometry and acoustic reflex thresh- 
old (AR) measurements. Pure tone audiometers used in this in- 
vestigation were cal brated to American National Standards In- 
stitute, 1969 standazds. A Madsen model ZO 73 electroacoustic 
impedance bridge was used to obtain tympanometric and AR 
threshold data. Pure tone air conduction thresholds of 0-20 dB 
hearing level (HL) fer test frequencies 250 through 8,000 Hz were 
considered normal. «ny air conduction threshold of 25 dB HL or 
poorer was considered a hearing loss for the purpose of the present 
investigation. Jerger”: differentiation of tympanograms into types 
A, B and C was emelcyed to analyze the study data.’? Also in- 
cluded in this analvss were types As and Ap ascribed to Jerger by 
Northern and Dowers.” For the purposes of this investigation, 
contralateral AR thresholds for a subject were considered not nor- 
mal or “elevated” if he AR threshold was 110 dB or greater (in- 


TABLE 1. IDENTIFYING INFORMATION FOR THE 
SICKLE CELL AND CONTROL GROUPS 


Hb Age Range Male/Female 
Group Problem (yr) No. Ratio 
I SS 7-12 20 11/9 
H SS 13-18 23 9/14 
HI AA 7-12 L 8/4 
IV AA 13-18 11 8/3 


cluding absent) at two or more frequencies from 500 through 
2,000 Hz. 


RESULTS 


As shown in Table 1, 20 of the 43 SS subjects com- 
prised the youngest age group. There were 11 male 
and 9 female children ranging from 7 years, 2 
months to 12 years, 11 months. Twelve of these sub- 
jects had normal bilateral pure tone, tympanometry 
and AR findings. Two subjects displayed a 25 dB 
loss at 250 Hz in one ear each. One of these subjects 
had normal tympanometric and AR results. The 
other had a ventilating tube in the tympanic mem- 
brane of the ear with the loss and showed a type C 
tympanogram in the other ear. Two subjects had 
air conduction losses at 8,000 Hz in one ear each 
amounting to 25 dB and 45 dB, respectively, but 
showed normal bilateral tympanometry and AR re- 
sults. Four subjects showed normal bilateral hear- 
ing thresholds but elevated AR thresholds in one ear 
each. In every instance with these latter subjects a 
type As or type Ap tympanogram was present sug- 
gesting the probability that minor middle ear in- 
volvement influenced the AR measurements. 


The older age group included 23 SS subjects, 9 
males and 14 females ranging in age from 13 years 
to 18 years, 10 months. Eighteen of these children 
showed normal bilateral results for pure tones, tym- 
panometry and AR thresholds. Two subjects evi- 
denced high frequency hearing losses in one ear 
each; a 25 dB loss at 4,000 Hz for one subject and a 
25 dB loss at 4,000 Hz and 8,000 Hz for the other 
subject. Both of these children demonstrated nor- 
mal tympanometry and AR thresholds (500-2,000 
Hz) bilaterally. One 18-year, 9-month-old female 
subject showed a bilaterally symmetrical high fre- 
quency hearing loss for the 3,000 to 8,000 Hz region 
ranging from 25 to 60 dB HL. Type A tympano- 
grams were noted for each ear. Although air con- 
duction thresholds for each ear of this subject 
ranged between 0 and 10 dB HL at frequencies 500 
through 2,000 Hz, contralateral AR thresholds were 
110 dB or greater, and ipsilateral AR thresholds 
were absent at these test frequencies. Two SS sub- 
jects in the older age division displayed normal bi- 
lateral hearing but elevated AR thresholds bilat- 
erally. In each instance a type Ap or type C tym- 
panogram was present suggesting the probability of 
minor middle ear involvement influencing the AR 
measurements. 


The 23 children in the normal control group also 
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were divided according to age as reported in Table 
1. Twelve subjects, eight males and four females, 
ranged in age from 7 years, 1 month to 12 years, 11 
months. All demonstrated normal bilateral air con- 
duction thresholds. Nine in this younger age divi- 
sion revealed type A tympanograms and normal AR 
thresholds for each ear. The tympanometry-AR 
threshold results for the remaining three subjects 
were as follows: one child showed a type Ap tym- 
panogram in one ear and a type A in the other with 
normal bilateral AR threshold findings. Another 
subject revealed a type As tympanogram in one ear 
and a type A in the other, also with normal AR re- 
sults bilaterally. The remaining child evidenced a 
type C and type A tympanogram in respective ears. 
Absent AR thresholds were noted when the probe of 
the impedance bridge was in the ear displaying the 
type C tympanogram. Normal AR results were ob- 
served when the probe was in the ear with the type 
A configuration. 


Eleven of the 23 normal children, eight males 
and three females, comprised the older age division 
of the control group. They ranged in age from 13 
years to 18 years, 9 months. All of these subjects 
demonstrated normal bilateral tympanometry and 
AR threshold results. All but one subject exhibited 
bilaterally normal air conduction thresholds. The 
oldest subject in this group, however, did display a 
25 dB HL threshold at 250 Hz in one ear, but other- 
wise normal findings at all other frequencies in each 
ear. 


The two adult SS subjects participating in this in- 
vestigation were a 39-year-old male and a 43-year- 
old female. The male subject showed normal air 
conduction thresholds bilaterally, although a 20 dB 
HL was noted at 4,000 Hz for one ear. Tym- 
panograms for each ear were type A. However, this 
subject displayed elevated contralateral AR 
thresholds for 500 and 1,000 Hz and absent ARs at 
2,000 Hz. Ipsilateral reflexes for all test frequencies 
in each ear also were absent. 


The adult female subject exhibited some bilateral 
high frequency hearing loss. Air conduction thresh- 
olds at 6,000 and 8,000 Hz for the left ear were 20 
dB and 25 dB HL respectively. Her right ear 
showed thresholds of 20 dB, 25 dB and 50 dB at 
4,000, 6,000 and 8,000 Hz, respectively. Tympano- 
grams for each ear were type A, and both contra- 
lateral and ipsilateral AR thresholds across test fre- 
quencies were normal. 


DISCUSSION 


Sickle Cell Subjects. Comparing the air conduc- 
tion threshold data for each age division of SS 
children in the present study reveals no trend for an 
increased incidence of hearing loss with age. If 
more numerous crises accompanied age in the SS 
subjects of this study, then these episodes seem not 
to have caused more hearing loss among the older 


subjects It is possible that the sample size might not 
be large enough to demonstrate such a trend. Or, 
the present sample of older SS children may not 
have e:perienced the expected crisis episodes. 
Nevertheless, the overall data for each age division 
are quice similar. Pooling the data from each, 
therefor=, should yield a composite picture of this 
entire semple of black homozygous SS subjects. The 
compos#2 for the 43 subjects, 20 males and 23 
females appears as follows. 





Thirt +eight subjects, or 88% of the total sample 
(43), hae essentially bilateral hearing within nor- 
mal lim ts. Two of these subjects, however, showed 
a 25 dB loss at 250 Hz in one ear, probably related 
in at leest one instance to middle ear involvement. 
Among these 38 subjects, 6 displayed elevated 
acoustic reflex thresholds; but in each instance a 
type As. Ay, or C tympanogram was evident. These 
tympan-smetric results suggest the probability that 
miner niddle ear involvement influenced the 
acoustic reflex measurements. Except as noted, all 
other sæbjects in this normal hearing SS group 
displayed tympanometric and acoustic reflex 
thresho.« data within normal limits. 


Four subjects, ages 11 through 16 years, showed 
mild um ateral sensorineural high frequency hear- 
ing losses at 4,000 and/or 8,000 Hz ranging from 25 
to 45 dE. Three of these subjects had a loss at only 
one frecuency. All four subjects displayed normal 
type A ~ympanograms, and normal acoustic reflex 
threshoéis for test frequencies of 500 through 2,000 
Hz. 


One 8-year, 9-month-old SS subject displayed a 
bilatera 'y symmetrical 25 to 60 dB sensorineural 
hearing loss from 3,000 through 8,000 Hz. Rather 
interestaig AR threshold data were obtained with 
this stizject in the presence of normal tym- 
panomezry. Even though air conduction thresholds 
for eac ear ranged between 0-10 dB HL from 500 
through 2,000 Hz, contralateral AR thresholds were 
110 dBer greater and ipsilateral AR thresholds were 
absent fr these test frequencies. Sharp and Orchik 
report milar pure tone threshold and AR data for 
their sickle cell subjects.’ Perhaps slight middle ear 
involvement not readily apparent from the other 
measurements caused these elevated and absent 
ARs. However, the AR thresholds in this subject 
could reflect damage to portions of the cochlea not 
suggested by the subject’s air conduction thresholds. 





Pollak and Lipscomb summarize current think- 
ing about the pure tone audiogram not illustrating 
fully th = extent of cochlear cell loss.'* Commenting 
on stud es which compared pure tone audiograms 
with hi topathological findings of human subjects, 
these imwestigators conclude “the magnitude of cell 
damage in the upper half of the cochlea is often not 
accurat=y represented by pure-tone audiometry.” 
If this cancept holds for the present 18-year-old sub- 
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ject with a high frequency loss, it might give a clue 
as to why reflex thresholds were elevated or absent 
in the midfrequency region where air conduction 
thresholds wer normal. Stated differently, perhaps 
the AR threshelds in this subject express damage to 
the cochlea no- evident by pure tone air conduction 
thresholds. This speculation seems worthy of fur- 
ther studv. 


The five sub ects of the present investigation with 
unilateral or Hilateral high frequency hearing loss 
represent a 12% incidence rate of sensorineural 
loss. In sampling a normal population of children, 
the incidence cf sensorineural loss is expected to be 
very low. For example, Kessner et al studied the 
hearing of 1,649 black children, ages 4 through 11 
years, from a rormal preschool and school popula- 
tion in Washiagton, DC.'® The incidence of sen- 
sorineura. loss reported by these investigators was 
0.5%. It would appear, therefore, that the 12% 
rate of sensorineural loss among the present SS sub- 
jects, albeit mostly very mild unilateral high fre- 
quency less, is greater than usual. This finding is 
similar to that noted by Todd et al.® 


The presence of any hearing loss in SS patients, 
albeit extremehy mild as seen among the present 
study subjects, nay reflect those patients with more 
serious complications arising from the disease. A 
retrospective review of the medical records of the 43 
SS subjects was done to document serious complica- 
tions which might predispose any to hearing abnor- 
mality, ie, recurrent otitis media, meningitis, etc. 
This review showed that six children manifested 
complications reflecting CNS involvement (cerebral 
vascular accidents of varying severity). Interesting- 
ly, three of these children were among the five who 
exhibited hearimg losses. Chi square analysis re- 
vealed a probability of <0.025 that this relation 
might occur by chance. It would appear, then, that 
CNS insults sigaificantly increased the risk of hear- 
ing loss among zhe SS subjects in the present study. 


The two adalt SS subjects revealed essentially 
normal hearing bilaterally, but one (female) did 
display some loss in the highest test frequencies 
(6,000-8,090 Hz) in each ear. Like the 18-year-old 
sickle cell subject of this study, the adult male 
demonstrated e.evated or absent AR thresholds at 
frequencies where normal air conduction thresholds 
were present. Again, perhaps cochlear structures in 
this subjeet hawe been implicated by sickle cell 
disease which is reflected in the AR findings but not 
the pure tone thresholds. 


Control Subjects. The age distribution of the nor- 
mal black control group was like that of the SS 
group. That is, approximately half (12 subjects) was 
between 7 year: and 12 years, 11 months and the 
other half (11 subjects) was between 13 years and 18 
years, 9 months. There was essentially twice the 
number of maleto female subjects for each age divi- 





sion. The male-female distribution in the age divi- 
sions of SS subjects, however, was approximately 
equal. 


All 23 control subjects essentially displayed nor- 
mal hearing bilaterally. No subject evidenced high 
frequency hearing losses in either ear. 


Twenty subjects revealed normal tympanometric 
and AR threshold findings bilaterally. The three 
other subjects, all in the younger age division, 
showed impedance audiometry findings which ap- 
pear to characterize what is often experienced clini- 
cally with younger children in the normal popula- 
tion. That is, the three subjects displayed normal 
unilateral findings for tympanometry and AR mea- 
surements. Two of the three evidenced a unilateral 
type As or Ap tympanogram, coupled with normal 
AR results. The remaining subject had a type C 
tympanogram in one ear and absent ARs when that 
ear became the probe ear. Apparently, the latter 
subject was experiencing the onset or resolution of 
middle ear pathology. 


CONCLUSIONS 


The 23 control subjects displayed hearing, tym- 
panometry and AR threshold data expected of nor- 
mal children between ages 7 and 18 years. That is, 
all had normal bilateral air conduction thresholds 
but some, 3 of 23 (13%), revealed configurations of 
tympanometric-AR measurements suggesting the 
probability of past or present middle ear involve- 
ment. None of these normal subjects evidenced any 
sensorineural hearing loss. 


Most of the SS subjects (38 of 43) in the 7 to 
18-year age range showed findings similar to those 
of the control group. Bilateral air conduction 
thresholds were normal, but 6 of these 38 (16%) 
demonstrated tympanometric-AR_ results impli- 
cating past or present middle ear involvement. 


Four of the 43 SS children, 2 in each age division, 
had very mild (25 to 45 dB) unilateral hearing losses 
in the 4,000-8,000 Hz range. Since all four subjects 
showed otherwise normal tympanometric-AR 
results, these losses are judged to be sensorineural in 
nature. A fifth subject exhibited a bilateral high fre- 
quency loss (25 to 60 dB) in the 3,000-8,000 Hz 
range. Normal tympanograms (type A) for each ear 
were noted in this 18-year-old subject confirming 
the presence of a high frequency sensorineural loss. 


Twelve percent of the entire SS group of children 
(5 of 43 subjects), therefore, revealed some high fre- 
quency sensorineural hearing loss. Since the normal 
non-SS subjects in the same age range did not 
evidence any such losses, it seems that a mild high 
frequency sensorineural loss does result from SS 
disease in some children. Stated another way, a 
higher than expected amount of mild sensorineural 
hearing loss seems a concomitance of sickle cell 
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anemia. These findings support those reported by 
Todd et al and suggest that children with homo- 
zygous SS disease should receive periodic hearing 
evaluations to identify those with auditory compli- 
cations. 


If sickle cell anemia causes sensorineural loss, it 
might be expected that as SS patients grow older 
and experience repeated crises, an increased in- 
cidence of loss would be found. No such evidence to 
this effect was observed among the SS children in 
the present investigation. 


Periodic hearing evaluations of SS patients seem 
particularly appropriate in view of the increased in- 
cidence of CNS involvement found among the pres- 
ent investigation’s SS subjects with sensorineural 
losses. Hearing impairment, albeit very mild and 
unilateral, may be a sensitive indicator of CNS 
problems. Therefore, if hearing loss is detected in 
an SS patient, a study should be undertaken to 
determine if that patient has CNS complications. 
Such an investigation might require fairly so- 


phisticated examinations such as a careful neu- 
rologic evaluation, a CT scan, as well as other 
tests.*° 





Final, considering the vasoocclusive nature of 
sickle cel anemia, it is curious that hearing loss is 
not mor=prevalent or severe than found in the pre- 
sent investigation or by Todd et al. Recognizing the 
sensitivi y of the inner ear to ischemia, the crises 
associated with this disease would be expected to 
create considerable cochlear damage. Support for 
this expectation can be found in some histologic 
evidence of temporal bone damage resulting from 
sickle cell disease. Perhaps cochlear ischemia pro- 
duced Fy sickle cell crises causes damage not re- 
flected key pure tone threshold results. As described 
earlier, elevated or absent AR thresholds were 
noted ir the midfrequency region of two SS subjects 
where air conduction thresholds were normal. 
These łata may suggest cochlear involvement 
resultin from sickle cell disease that is not apparent 
from pure tone threshold results. Further explora- 
tion of his concept seems warranted. 
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CONGENITAL MALFORMATIONS OF THE EAR 
ANALYSIS OF 94 OPERATIONS 


ROBERT JAHRSDOERFER, MD 


CHARLOTTESVILLE, VIRGINIA 


The 94 operations analyzed were performed on 80:ears in 73 
cluded 13 patients with a congenital absence of the oval window, 


patients with congenital malformation of the ear. Operative findings in- 
5 patients with vascular anomaly of the middle ear, and 6 patients with 


congenital ckolesteatoma. Six of 13 patients with congenital absence of the oval window had a labyrinthotomy performed to create a new 
opening into the vestibule. The method of surgical repair in atresia was a canalplasty with fascia graft overlay for the substitute tympanic 
membrane. A Silastic® button was placed over the substitute tympanic membrane to lessen blunting and to anchor the center-hole skin 
graft in place. A modified face lift procedure was done if necessary to align the external ear with the new ear canal. At present no ear canals 
are stenosed and ro ears are actively discharging. One patient sustained a temporary facial paralysis. The hearing results are discussed. 


Congenital sar malformations may be broadly 
classified mto major (M) and minor (m) categories. 
In the major malformation group there is atresia or 
stenosis of the external ear canal, the tympanic 
membrane is ridimentary or absent, and the mid- 
dle ear architecture is almost always malformed. 
Microtia is common, but in some cases the auricle 
may be well fermed. In the minor malformations 
the anomely is primarily confined to the middle 
ear. The externa. ear canal is patent and the tym- 
panic membrane is discernible. 


Preoperative evaluation included conventional 
and impedance audiometry and polytomography of 
the temporal bones. Early in the series, polytomog- 
raphy was done in an anterior-posterior 
direction. This was changed to a posterior-anterior 
direction when it was calculated that this latter 
position gave oalv one tenth the amount of irradia- 
tion to the lens. Lateral polytomographs were not 
routinely zotten. Auditory brainstem responses 
(ABR) and computerized axial tomography of the 
temporal bones were performed in selected cases. 


The patient population included 20 patients with 
identifiable craniofacial anomalies: osteogenesis 
imperfecta. 4 patients; hemifacial microsomia, 4 
patients; Treacher-Collins syndrome, 3 patients; 
Crouzon syndrome, 3 patients; Apert’s syndrome, 2 
patients; K ippel-Feil anomaly, 2 patients; and one 
patient eaca had ectodermal dysplasia and Haller- 
mann-Strei:f syadrome. Seven other patients had 
multiple congenital anomalies. Four patients had a 
congenital acia paralysis. 


Ninety-fcur eperations were performed on 80 
ears in 73 patierts with congenital malformation of 
the ear. Forty-four operations were performed on 
29 patients wita a major malformation, and 50 
operations were performed on 44 patients with 
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minor malformation. In the major malformation 
group 19 patients had bilateral atresia or stenosis 
while 10 patients had unilateral atresia or stenosis. 
Four patients in this group had surgery on both 
ears. The minor malformation group was about 
equally divided into bilateral and unilateral ear in- 
volvement. 


Operative findings included 13 patients (5M, 8m) 
with congenital absence of the oval window, 6 pa- 
tients (2M, 4m) with congenital cholesteatoma, 
and five patients (IM, 4m) with vascular anomaly 
of the middle ear. The type of vascular anomaly en- 
countered was a high jugular bulb in two patients, 
a persistent stapedial artery, an anomalous internal 
carotid artery, and an ectopic middle ear artery 
paralleling the facial nerve in a patient with atresia. 


There were 9 revision operations in the major 
malformation group; 4 were for hearing, 2 for post- 
operative stenosis of the external ear canal, and 3 
for infection. At present no external ear canals are 
stenosed. One patient has a persistent 2 mm per- 
foration in the substitute tympanic membrane and 
a moist middle ear. No ears are actively discharg- 
ing. Four revision operations were performed in the 
minor malformation group; all were for hearing. 


One patient with atresia sustained a facial 
paralysis. In this patient the oval window was re- 
cessed beneath the horizontal portion of the facial 
nerve and could not be visualized. The bony cover 
of the nerve was purposely removed and the nerve 
retracted superiorly for exposure of the oval win- 
dow. Later in the procedure, a modified face lift 
was performed to align the anteriorly placed auricle 
with the new ear canal. The patient awoke with a 
facial paralysis. The cause of the facial paralysis 


was unclear. It was thought to be either neuroprax- 


ia from compression of the facial nerve above the 
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oval window, or transection of the nerve in the face 
lift procedure. When there was no spontaneous 
return of function in three weeks, the patient was 
reoperated. The facial nerve was found to be intact 
from the geniculate ganglion to its secondary 
branching in the face. There was a complete return 
of facial function in three months. 


Fenestration was attempted in two cases, both 
unsuccessful. One patient, a boy with Treacher- 
Collins syndrome, had the superior semicircular 
canal fenestrated when a middle ear could not be 
identified. In another patient with hemifacial 
microsomia and absent labyrinthine windows, the 
horizontal semicircular canal could not be located 
by extensive drilling on the labyrinthine capsule, 
despite polytomographic evidence of semicircular 
canals. 


Thirteen patients had congenital absence of the 
oval window. Six of these had a labyrinthotomy to 
create a new opening into the vestibule. The hear- 
ing results were variable, sometimes spectacular, 
sometimes not. In five patients the air-bone gap was 
closed to within 10, 12, 12, 20 and 25 dB respective- 
ly. In one patient there was no improvement, but in 
no case was the hearing made worse. 


In those ears with an absent oval window, a 
recognizable round window niche was identified in 
4 patients, absent in 5 patients, and not seen in 4 
patients. It is not always easy to determine if a 
round window is present. In many cases severe dis- 
tortion of the middle ear anatomy concealed the 
round window. It would be foolhardy to reroute the 
facial nerve simply to see if it is obscuring the round 
window. Similarly, it would be adventuresome for 
the surgeon to drill on the medial wall of the middle 
ear in search of the round window. Failure to iden- 
tify the round window should not contraindicate 
drilling a new oval window. In this series, three of 
four patients in whom a round window was not 
seen nonetheless had new oval windows drilled with 
improvement in hearing. 


In the minor malformation group the method of 
tympanoplasty was determined by the degree of 
middle ear malformation. Conventional methods of 
tympanoplasty were used when possible to establish 
a sound conductive system. When the middle ear 
architecture was severely malformed innovative 
techniques were used after carefully weighing the 
risks against the benefits. A new technique, herein 
described, was used in those cases in which the oval 
window was absent, the stapes absent or rudimen- 
tary, and the facial nerve displaced inferiorly. In- 
ferior displacement of the facial nerve usually 
causes it to cross the middle ear in an area where the 
promontory is normally found. The nerve often 
runs in a bony trough and may be devoid of a bony 
covering. Creation of a new oval window by a vesti- 
bulotomy depends on both the location and the 
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degree «{ development of the incus and malleus. 
These o <icles may be deformed, absent, fused or 
fixed. Tae stapes is usually primitive and nonser- 
viceable The “facial roll” technique involves 
removire any residual bony cover over the facial 
nerve, &lling the lip of the bony trough with a dia- 
mond bær, and gently rolling the nerve to visualize 
the floo of the trough. Whether the nerve is rolled 
inferiors or superiorly depends on the location of 
the ossicles to which the prosthesis will be attached. 
As the nerve is held in a retracted position a new 
oval window is drilled through the floor of the 
trough ato the vestibule which is usually located 
directly medially. A wire-piston prosthesis is used 
with th= crook portion of the wire attached to the 
incus e malleus depending on which ossicle is 
usabie, The facial nerve is then allowed to resume 
its former position and although it may rest against 
the præzhesis, facial function is uncompromised 
and heasing only slightly affected, or affected not at 
all. 


Whee drilling a new oval window it is preferable 
to drill town to the endosteal membrane of the ves- 
tibule, zut not through it. The piston end of the 
prosthe ił may then be placed directly on the mem- 
brane. ? is not always possible to preserve the en- 
dosteal membrane, and if it is torn the piston may 
still be positioned in the vestibulotomy without 
need of a tissue graft. It is important to mention 
that the dense middle layer of bone of the labyrin- 
thine cepsule is endochondral bone with poor pow- 
ers of regeneration. That the vestibulotomy remains 
open ws confirmed in two patients who had revi- 
sion suc gery, one five years after a new oval win- 


dow he been drilled. 








Facie! Nerve. In the minor malformation group 
the course of the facial nerve was aberrant in 12 
ears. The most common abnormality was an infer- 
ior dislacement of the facial nerve at or below the 
level eo the oval window. The facial nerve was 
usually ancovered by bone. In one case the nerve 
was a f-ee hanging strand of soft tissue suspended in 
air as Ẹ crossed the middle ear from the posterior 
bony anulus to the area of the cochleariform proc- 
ess. Nc facial nerve injuries were incurred in the 
minor malformation group in this surgical series. 
Two pztients, however, previously operated on 
elsewhere, sustained facial nerve paralysis, one 
tempom:ry, the other partial and permanent. In 
both cases the facial nerve was mistaken for a 
fibrous issue strand on the medial wall of the mid- 
dle sar and was dissected to improve exposure. 


The -acial nerve in the atresia/stenosis group 
often kad a short vertical course with an abrupt 
turn actteriorly to cross the inferior aspect of the 
middle 2ar and exit in the area of the temporoman- 
dibula~ joint. On occasion the course of the facial 
nerve as markedly aberrant. In one atresia patient 
the nerve was devoid of a vertical segment and was 
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represented by a horizontal knuckle of soft tissue 
crossing tre lower third of the middle ear. In a sec- 
ond patiert the facial nerve compartmentalizec the 
middle ea> into superior and inferior sections. The 
inferior compartment housed the eustachian tube, 
hypotympanum and round window, while the 
superior compartment contained a fused incus- 
malleus complex, an underdeveloped stapes, and an 
oval wincow. 


The appearance of the pinna allowed some 
prediction as to the degree of development of the 
middle ear. In zeneral, the more developed the pin- 
na, the more ceveloped were the ossicles and the 
facial nerve. Fatients with Treacher-Collins syn- 
drome were foand to have most bizarre anomalies 
which oftea devied a rational explanation basec on 
an understandiag of contemporary embryology. 





Surgical Technique in Atresia and Stenosis, 
There have been modifications in surgical tech- 
nique since an earlier presentation two years azo.! 
The fascia gra‘t used for the substitute tympanic 
membrane is now reflected onto the new bony ex- 
ternal ear cana! for a short distance only, about 1 or 
2mm. It had become apparent that when the fascia 
covered a large area of bone, it served as a barrier to 
vascularization of the overlying split thickness skin 
graft. Blocd vessels, regenerating from the bene, 
could not pierce the fascia in time to nourish the 
skin graft and assure a take. On occasion this re- 
sulted in partia! ischemia and loss of viability of the 
skin graft. 


A seconc modification is the use of a perforated 
Silastic button over the substitute tympanic mem- 
brane to lesen blunting and to anchor the skin graft 
in place. I: had been found that the medial edge of 
the skin graft was being pulled away from the new 
eardrum curing the meatoplasty. When the split 
thickness sxin zraft was inadvertently displaced 
laterally in this manner two problems arose: one, 
squamous cpithelium would fail to grow over the 
substitute tympanic membrane, and two, the mas- 
toid air cell system would be exposed and at risk of 
becoming infectec. 


A third modification involved relocating the pin- 
na on the side cf the head. In many patients with 
atresia, in particular those with hemifacial micro- 
somia, the pinna is situated far anterior on the face. 
Unless the cinnz is transposed posteriorly it may be 
difficult to align the newly drilled ear canal with 
the new meatus. Various plastic procedures using a 
rotation flap, pedicle flap, or Z-plasty have been 
employed tc transpose the auricle. I believe a better 
result can be ackieved by a modified face lift proce- 
dure. Using the same postauricular incision the pin- 
na and skin of the lateral face are elevated from the 
underlying soft t.ssue by blunt and sharp dissecticn. 
The facial aerv2 must be carefully watched for. 
This technique allows the pinna to be moved pos- 





Fig. 1, Pitfalls in atresia repair. A new ear canal had 
been drilled into the antrum. The surgeon had failed to 
recognize that the middle ear was located far anteriorly, 
medial to the temporomandibular joint, and that the mal- 
leus was fixed to the atretic plate. 


teriorly up to 5 cm. Furthermore, by using the same 
postauricular incision facial scarring is minimized. 


Labyrinthotomy versus Fenestration. Fenestra- 
tion of the semicircular canal should be avoided in 
congenital ear malformations. If the labyrinthine 
windows are absent a labyrinthotomy should be 
done. Labyrinthotomy offers a better chance of 
closing the air-bone gap than does fenestration. 
Moreover, in a severely dysplastic ear the horizontal 
semicircular canal may not be readily apparent or 
even accessible. One patient in this series had ab- 
sent semicircular canals on polytomography and no 
caloric response to ice water, yet his conductive 
hearing loss was improved by drilling a new oval 
window. It is recommended that if a labyrintho- 
tomy has not improved the hearing, a canalplasty 
should be done and the patient fitted with an ear 
level hearing aid. 


Atretic Plate. Seven atresia patients had been 
previously operated on elsewhere, with no improve- 
ment in hearing. It was apparent that the basic pa- 
thology of atresia was either being overlooked or 
misunderstood. Specifically, when the atretic plate 
is present, it is always in firm bony union with the 
malleus. In many cases the previous surgeon ap- 
parently had been content to drill an opening into 
the middle ear or antrum, and then place a graft 
over the hole. The operation would fail to improve 
the hearing as the ossicular chain was still fixed to 
the atretic plate (Fig. 1). In one case a surgeon had 
opened into the middle ear, found the ossicular 
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Fig. 2. Pitfalls in atresia repair. An opening had beer 
made into the middle ear, the incus and sta ai noted to be 


fixed, and the stapes suprastructure removed, A wire pros- 
thesis {insert} had been placed onto a mobile footplate and 
had eroded through the margin to become fixed in the 
vestibule. The surgeon had overlooked the fact that the 
malleus was fixed to the atretic plate. 


chain to be fixed, and performed a partial stapedec- 
tomy with insertion of a wire prosthesis (Figs. 2 and 
3). 

It is imperative to completely remove the atretic 
plate. This is done by thinning the dense compact 
bone of the plate and ‘then dissecting the bone chips 
from the underlying periosteum. The periosteum 
should be excised as it prevents adequate exposure 
of the middle ear and is usually too thick to be used 
as a substitute tympanic membrane. The new ear 
canal is then widened at its medial extent to enable 
the ossicular chain to be situated in the approximate 
center of the new tympanic membrane. A fascia 
graft is placed over the ossicles and a center-hole 
split thickness skin graft, 0.025 cm in thickness, 
positioned over the fascia. If the problem is stenosis 
rather than atresia, any remaining skin lining the 
canal should be preserved. It may then be used in 
conjunction with a split thickness skin graft. 


It is unnecessary to make the new external ear 
canal two or three times wider than needed in an- 
ticipation of a postoperative stenosis. Postoperative 
stenosis rarely results from new bone growth and 
soft tissue stenosis can be avoided by covering all 
raw tissue areas with skin, particularly at the 
meatus. 
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Fig. 3. Photograph of case described in Figure 2. Note 
wire fosthesis (arrow) on incus. 


SURGICAL RESULTS 


As a grevious presentation dealt with the hearing 
results a the first 20 cases of atresia repair, ' and 
because there have been modifications in surgical 
technie, only those cases operated on in the past 
year wil be presented. Operations were performed 
on nine patients with atresia or stenosis of the exter- 
nal ea: canal. Eight had surgery for hearing reha- 
bilitat®-a while one had surgery for cholesteatoma. 
In three-of nine ears there was no hearing improve- 
ment. {4 these three, one patient had absent laby- 
rinthine windows, absent stapes, and a middle ear 
filled =tth adipose tissue. Another patient with an 
absent sval window had an unsuccessful labyrin- 
thotoras. The third patient underwent surgery for 
choles»eatoma and although the labyrinthine win- 
dows were absent the cholesteatoma had created a 
cochlear fistula on the promontory. A homograft in- 
cus was sculptured into the shape of a mushroom 
anc pesitioned on the fistula membrane. 


Six “ nine patients achieved a good hearing re- 
sult (Tabie 1). The average gain was 38 dB. The air- 
bone sp was completely closed in one ear and 
closed to within 8, 10, 10, 11 and 18 dB in the 
others In no case was the hearing made worse. 


The experience gained in this series enables cer- 
tain camclusions to be made. 


], xcept in carefully selected cases, surgery on a 


TABLE 1. HEARING RESULTS IN ATRESIA/STENOSIS IN 
1979 (N= 9) 
o Gain (dB) No. Ears 

50 + } 

40-49 l 

30-39 4 

20-29 0 

10-19 0 


No change 3 
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unilateral atretic ear is best postponed until the 3. Fenestration of the semicircular canals should 
child reaches young adulthood and can either de- be avoided. If the labyrinthine windows are absent 
cide for himsedf:herself or share in the decision- and labyrinthotomy has not improved the hearing a 
making process. canalplasty should be done and the patient fitted 


2. In bilateral atresia, if a good hearing result with an ear level hearing aid. 


has been obtaired in one ear, the second ear should 4. Congenital facial nerve paralysis is not an ab- 

be treated in much the same manner as unilateral solute contraindication to surgery. It may, how- 

atresia. | ever, herald severe dysplasia of the middle ear. 
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OTORHINOLARYNGOLOGY 
PATIENT OF THE MONTH PROGRAM 


The Patient of zhe Month Program provides otolaryngologists with an interesting, convenient, and clinically oriented method of self- 
assessment and self-ms-ruction. It is designed to assist the participant in maintaining a constant awareness of accepted methods of diagnosis 
and treatment and zo promote interest in new developments in the field. The program combines education and self-assessment oppor- 
tunities by covering:common, practical problems that reflect a wide range of otolaryngic practice. The self-assessment aspect of this pro- 
gram may be supplemented or reinforced by participation in the Academy's Annual Otolaryngology Examination administered in the 
spring of each year. The Patient of the Month Program and the Annual Otolaryngology Examination offer an unusual opportunity to con- 
fidentially monitor and assess continued competence, allowing each participant to identify those areas of performance where further con- 
tinuing education aetivities may be beneficial. 


All otolaryngologists and other interested physicians are eligible for the Patient of the Month Program. Residents-in-training may 
register for this program at an annual fee of $50; Academy members may register at an annual fee of $70; 1980 and 1981 candidates for 
Academy memberskip and nonmembers may register at an annual fee of $125. 


To enroll in thi: program, the application form must be completed and returned to the Academy office, together with correct applica- 
tion fee, before Aug. 1, 1980. 
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ACUTE COCHLEAR DISORDERS: THE COMBINATION OF HEARING 
LOSS, RECRUITMENT, POOR SPEECH DISCRIMINATION, AND 
TINNITUS 


JUERGEN TONNDORF, MD 


New YORK, NEW YORK 


The combination of hearing loss, recruitment, poor speech discrimination and tinnitus, which is characteristic of acute cochlear disor- 
ders, can be accounted for on the basis of a decoupling of hair cells from their drive system, the tectorial membrane. Decoupling may either 
be caused by a temporary reduction of ciliary stiffness (shown to occur during periods of noise-induced temporary threshold shifts) or by 
temporary and/or chronic ciliary pathology (demonstrated to exist in cases of antibiotic ototoxicity and in endolymphatic hydrops). Since 
ciliary coupling is elastic in nature, the decoupling is only partial. The hearing loss and the tinnitus are manifestations of the reduced coup- 
ling per se, the magnitude of the loss depending on the degree of decoupling and the aumber of hair cells involved. Recruitment and poor 
speech discrimination result from center-clipping of the signal waveform applied toan involved hair cell, the direct corollary of partial, 
ciliary decoupling. 


INTRODUCTION hair cells to a thick stalk or sprouting of giant hairs 
(Fig. 1). These most certainly were irreversible 
changes that should ev entually lead to the complete de- 
generatiea of the involved cells. Occasionally, how- 
ever, lesser forms of changes were seen that might 
be reversible: small blebs at or near the tips of indi- 
vidual stereocilia, ie, in places where the-cilia are in 
contact with the tectorial membrane (Fig. 2). 


Acute cochlear disorders are generally charac- 
terized by the simultaneous occurrence of sensori- 
neural hearing loss, recruitment, poor speech dis- 
crimination and tinnitus. This combination of signs 
and symptoms is found, for example, during noise- 
induced temporary threshold shifts (TTS), during 
attacks of fluctuant hearing loss, and during the 
early stages of drug-induced ototoxic hearing im- 
pairments. The common link between the above 
disorders is thought to be impairment of hair cell 
function, suggesting that the four signs and symp- 
toms listed might be traceable to one common 
cause. The present paper will offer a hypothesis 
supporting this notion. It grew out of a previous, 
more tentative publication on the same subject.’ 


These cbservations were soon confirmed and ex- 
tended vy others. Kimura,’ for example, found the 


During the classical era of light microscopy the 
functional state of hair cells was simply judged on 
the basis of their presence or absence in histological 
follow-up examinations. Absence of hair cells could 
of course account only for permanent functional 
losses, but not for temporary ones, such as those tak- 
ing place in TTS. The first exception to this simple 
rule came with the observation of opaque, swollen 
and/or pyknotic hair cell nuclei, following sound 
exposure.** These changes were thought to be tran- 
sient in nature. 


STEREOCILIARY CHANGES 





Scanning electron microscopy revealed stereocili- i 
ary changes hitherto unreported. In cases of kana- Fig. |. Scanning electron microscopy of the top surface 


Sie a of the argan of Corti of a cat reveals grave changes of 
mycin-induced ototoxicity, profound changes were stereoeilia caused by kanamycin. (x8,200). (From 
demonstrated:* fusion of stereocilia on individual Bredberg et al.* Published with permission.) 


From the Department of Otolaryngology, College of Physicians and Surgeons of Colwnbia University, New York, New York, 
Presented at the meeting of the American Otological Society, Inc., Palm Beach, Florida, April 13-14, 1980, 
REPRINTS — Juergen Tonndorf, MD, College of Physicians and Surgeons of Columbia University, 630 West 168th Street, New York, NY 10032. 


353 


354 JUERGEN TONNDORF 





Fig. 2. Tre ciliary tufts of two inner hair cells show- 
ing formation-of blebs at the tips of individual hairs (same 
animal showrin Fig. 1). (x10,600). (From Bredberg et al." 
Published wita permission.) 


same changes in postmortem specimens from pa- 
tients with Menière’s disorder of long standing. 
These findings suggested that the involved hair cells 
might be decoupled to varying degrees from their 
drive system, the tectorial membrane. This notion 
became a virtual certainty with another observa- 
tion. 


Stereocilia are known to be very stiff and brittle, 
breaking on the slightest provocation.*’ Hunter- 
Duvar? exposed guinea pigs to 4 kHz tones of suffi- 
cient intensity and duration to produce TTS. Imme- 
diately after exposure, ie, during the period of TTS, 
scanning eleccron microscopy revealed that in the 
involved cochlear region stereocilia had become 
quite limp (Fig. 3 A, B). In control animals, sac- 
rificed 24 hours later, ie, at a time when the TTS 





should have completely recovered, the stereocilia 
had regained their normal stiffness. 


These observations were complemented by the 
following findings.’ The core of each stereocilium 
consists of a bundle of fine filaments, each approx- 
imately 5 nm in diameter. These filaments were 
shown to contain actin, a contractile substance, 
responsible for the stiffness of the entire assembly. 
Significantly, actin is known to be capable of 
changing into a paracrystalline state under the ef- 
fect of certain physiological processes, then render- 
ing the entire assembly of filaments more com- 
pliant. 


LOSS OF SENSITIVITY 


Reduction of ciliary stiffness must decouple the 
involved hair cells to some extent, ie, partially, 
from their drive system, the tectorial membrane: 
this decoupling should impair signal transmission, 
(The significance of the term “partial” will become 
clear presently.) Ciliary pathologies of the kind 
shown in Figures 1-3 are expected to have essential- 
ly the same effect. The resulting loss of auditory 
sensitivity should vary with the degree of decoup- 
ling and with the number of hair cells involved. 


TINNITUS 


Tinnitus is one of the chief complaints of patients 
with cochlear disorders. Neurophysiological consid- 
erations once prompted Davis”? to state that tinnitus 
might be the outcome of a process that renders 
cochlear nerve fibers “leaky” so that their normal 
rate of spontaneous discharge is increased. Al- 
though intuitively attractive, this was only a des- 
criptive statement, not really an analytical explana- 
tion. Tinnitus appears to be a general response of 
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Fig. 3 A) A section of the organ of Corti of a guinea pig in the 4 kHz region. The stereocilia of inner as well as outer hair 
cells are shown. Note the limpness of stereocilia in a narrow region in the center of the picture. This scanning electron 
microscopi> photograph was obtained immediately after cessation of exposure to a 4 kHz tone. B) Details of A showing the 
condition of one inner hair cell. During life, stereocilia do not necessarily lean over as extremely as shown in these 
photomicregraphs, since they are pegged to the tectorial membrane, removed here for the sake of preparation. (From 


Hunter-Duvar IM.°) 
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the auditory system to lesions caused by a host of 
different agents and taking effect at various levels, 
the cochlea included. The explanation that will be 
offered here applies only to tinnitus of cochlear 
origin. It will be based on the concept of decoupling 
of hair cells from the tectorial membrane, 


The needed clue was provided by a study of Har- 
ris.'' Harris was interested in determining the noise 
level at the hair cell input, expecting the hair cell 
sensitivity, like that of any other receiver, to be lim- 
ited by the prevailing background noise. On ac- 
count of the high sensitivity of the ear, he suspected 
the cochlear noise level to be quite low. In all ma- 
terials, there exists a low-level noise that is caused 
by molecular motions of thermal origin, known as 
Brownian motion. Since these motions occur ran- 
domly, they constitute a broad-spectrum noise. For 
constant temperature, their mean velocity is highest 
in gases, less in fluids, and least in solids. It thus 
depends on the inverse density of material, or as 
Harris put it more succintly, on the coupling be- 
tween particles. The tighter the coupling, the lower 
must be the mean velocity because the mass to be 
moved becomes effectively larger. Harris therefore 
decided to calculate the noise level under two ex- 
treme conditions, tight coupling between hair cells 
(large mass) and loose coupling (small mass). With 
tight coupling, he obtained a noise level approx- 
imately 20 dB below the auditory threshold in the 
most sensitive frequency region. M. Killion* recal- 
culated this value. His result was even closer to 
threshold. When coupling was loose, however, Har- 
ris found the noise level to increase by 55 dB. He 
concluded that, from the standpoint of his argu- 
ment, the deduction of tight coupling had been the 
correct one. 


The increase in noise level at the hair cell input 
when coupling is loose is interesting with respect to 
the present problem. A large part of the coupling 
between hair cells should be provided by their con- 
nection with the tectorial membrane. It is suggested 
that the increase in noise level caused by a partial 
decoupling of hair cells from the tectorial mem- 
brane is the basis of tinnitus of cochlear origin. In 
most patients, the level of tinnitus is surprisingly 
low, rarely higher than 20 dB above threshold, even 
though its subjective loudness often appears to be 
much higher.'? Thus Harris’s result, an increase in 
noise by as much as 55 dB, appears to be more than 
ample to account for the tinnitus. 


Although it is generated as a broad-band noise, 
tinnitus may vary from broad-band noises to very 
narrow-band noises, the latter essentially sounding 
like pure tones. The apparent filtering is brought 
about in the following manner. Individual hair cells 
are very sharply tuned." The center frequency of 
their respective tuning curves varies with position 
along the basilar membrane in accordance with the 
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*Killion M. Personal communication, 1978. 





frequen place principle. When a broad-spectrum 
noise is g} alied from the outside, it excites a larger 


om? 


the peaks membrane. In response to a narrow 
band of moise, a lesser number of hair cells is excited 
and thei- distribution is limited to a smaller area. 
The chamecter of a noise generated within the 
cochlea faerefore must also depend on the location 
and on tœ extent of the region in which the causa- 
tive lesicn.. ie, ciliary decoupling, occurred. “Roar- 
ing” tinr us, ie, a low-frequency band of noise, as 
found in Buctuant hearing loss, indicates a rather 
broad ap-«al involvement. Significantly, the hear- 
ing loss .. also of the low-frequency type. A high- 
pitched, one-like tinnitus, ie, a very narrow band 
of high-fsequency noise, is typical of TTS. The in- 
volveme is limited to quite a narrow area in the 
basal turm as was indeed demonstrated by Hunter- 
Duvar’ ir Figure 3A. The hearing loss as a rule is of 
the high- requency notch type. A “hissing” tinnitus, 
ie, a sommewhat broader band of high-frequency 
noise, is ‘requently reported in the early stages of 
drug-incaed ototoxic lesions when the hearing loss 
is still \ircéed to the high-frequency region. In other 
such caszs, when the hearing loss extends well into 
the speec> range, the tinnitus is often described as 
“woosnizæ,” ie, as a substantially broader band of 
noise. It » thus seen that there is quite a good cor- 
relation tetween the site of the lesion and its extent, 
the type«! hearing loss occurring, and the character 
of the næse experienced by the patient. 













RECRUITMENT 


The demoupling of a given hair cell will rarely be 
complets, and usually is only partial. On reduction 
of ciliary stiffness, for example, the tufts of hairs 
must be deflected for only a certain distance in 
either dimection away from the center position, until 
they acquire once more an elastic, restoring force 
sufficier? in magnitude to reestablish coupling be- 
tween tæ hair cells and the tectorial membrane. 
There is # “dead play” around the center position 
similar t> that occurring in a worn-out meshed 
gear, which is alternately moved in opposite direc- 
tions. Im 2ases of ciliary pathology, decoupling is 
not necessarily complete either. 


Wher a signal is delivered to a hair cell with 
ciliary cead play, the loss of amplitude around the 
center position introduces center-clipping of the 
resultant waveform (Fig. 4 A). The amount of dead 
play in = given situation is constant. With a rise in 
signal lewel, therefore, the relative degree of the 
amplituc« reduction must become gradually small- 
er (comzzre Fig. 4 A, B), eventually vanishing. 





Such hanging amplitude relations between in- 
put and ~utput signals may be presented quantita- 
tively, Œ decibels, as so-called input/output func- 
tions (Fm. 4 C). Curve 1 (Fig. 4 C) represents a 
function = iiou center-clipping. For the sake of il- 
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Fig. 4 A) Center-clipped waveform (solid line) together 
with the original, unclipped waveform (dashed line). B) 
Same two wavesorms fet a three-fold increase in ampli- 
tude. Note that the reduction in amplitude is fixed (short 
vertical lines at the first zero-line crossings). Thus, in the 
amplitude domain, the reduction becomes relatively less 
with increasing signal amplitudes. In the time domain, the 
duration of ‘he zero-level plateaus decreases with the 
signal amplitade rather sharply, since it is related to the 
slope of the original waveform at the zero crossings as 
schematically shown in Figures A and B. This slope in- 
creases steeply with signal amplitude. C) Curves | and 2: 
Input/output “unctions for a linear relation without center- 
clipping (curve 1) and with center-clipping (curve 2). 
Curve 3: The fractional duration, in logarithmic values, of 
the zero-level plateau as function of signal level. 


lustration, it is assumed to be perfectly linear. 
Curve 2 shows a function resulting from center- 
clipping. It is quite nonlinear. There is a threshold 
shift and, following that, a steeper-than-normal rise 
in output amplitude. Eventually, but gradually, it 
joins the corresponding function without center- 
clipping (curve 1). When the center-clipping is 
more extensive, the threshold shift simply becomes 
larger and the entire curve 2 is shifted farther to the 
right, joining curve 1 at a proportionally higher 
level. 


Curve 2 (Fig. 4 C) is recognized as a typical re- 


cruitment curve, the equivalent of the laddergram 
familiar from audiometric charts. This explanation 
of recruitment, a dead play in the ciliary action, 
represents hair cell dysfunction. As such it is quite 
compatible with the empirical rule'* which states 
that recruitment is invariably associated with hair 
cell pathology, but is never found in retrocochlear 
lesions. 


Partial recruitment is occasionally seen in the 
presence of space-occupying tumors in the internal 
auditory meatus. Since it vanishes on removal of the 
tumor, it is shown to be produced by impairment of 
the cochlear blood supply, ie, in the last analysis, by 
a metabolic insufficiency of the hair cells. Hence it 
is also caused by hair cell dysfunction." 


Békésy’® found evidence for what might be a dif- 
ferent kind of recruitment. Using a version of his 
own audiometer, he recorded the responses of hu- 
man observers to stimulation of dermal touch recep- 
tors. He found that thresholds were sensitive in 
areas with a high density of touch receptors; in such 
cases, there were invariably wide-swing tracings. 
Under either of two other conditions, ie, when an 
originally sensitive skin area was partially anes- 
thetized, or when an area was chosen with a low 
density of touch receptors, there were elevated 
thresholds and narrow-swing tracings. Thus, in 
contrast to the first set of data, the second and third 
revealed the presence of recruitment. Békésy then 
reasoned that the absence of recruitment should re- 
quire neural integration of responses derived from 
the action of a large number of peripheral recep- 
tors, but that recruitment should result whenever 
only a small number of receptors contribute to the 
integrated response. 


This reasoning was supported by findings in elec- 
tronic neuron models,'’:'® in cochlear-microphonic 
experiments’? and in cochlear-nerve fiber record- 
ings.” Since Békésy registered recruitment only at 
threshold, it is not readily apparent that this phe- 
nomenon should result in an input/output function 
that would exactly join the corresponding nonre- 
cruiting function and lead to complete recruitment 
as shown in Figure 4 C. It could conceivably con- 
tinue to much higher levels. It is therefore suggested 
that the relative paucity of available receptors 
underlying the findings of Békésy’® and of the other 
authors!” ° might result in over-recruitment in the 
sense of Fowler’s classification.” 


Granted that the above considerations are cor- 
rect, it appears that underlying all forms of recruit- 
ment is hair cell pathology, but that its various 
forms might have different specific causes. Com- 
plete recruitment is suggested to be caused by a par- 
tial decoupling of a number of hair cells from the 
tectorial membrane, over-recruitment by the com- 
plete functional and/or structural loss of hair cells, 
most likely of outer hair cells,?°? and under- 
recruitment by impaired hair cell function due to 
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metabolic insufficiency. It might be added, for the 
sake of completeness, that “decruitment,” in the 
sense of Fowler’s classification, may be brought 
about by a combination of (hair cell) recruitment 
and (central) adaptation, as was suggested by 
Beékésy.”” 


POOR SPEECH DISCRIMINATION 


Center clipping interferes quite severely with 
speech perception.” That speech discrimination is 
worse than the pure tone audiogram might indicate, 
is one of the characteristics of the cochlear disorders 
under discussion, provided that the hearing loss ex- 
tends down into the speech frequency range. This is 
not always the case, for example, in patients with 
early antibiotic lesions or during TTS. 


Although both recruitment and poor speech dis- 
crimination are suggested to be causally related to 
center-clipping, there is an important difference. 
Recruitment was shown to be merely a manifesta- 
tion of a fixed loss in the amplitude domain. The 
deterioration of speech perception is suggested to be 
related to the waveform distortion in the time do- 
main, since peak-clipping, which also reduces sig- 
nal amplitude, hardly affects speech discrimina- 
tion. Even with “infinite” peak-clipping, retaining 
nothing but the zero-crossings of the input wave- 
form, speech discrimination is surprisingly good.”* 


In the time domain, the duration of the zero-level 
plateau lessens even more sharply with increasing 
signal levels than does the relative amplitude reduc- 
tion (Fig. 4 A, B). Numerically, the fractional dura- 
tion of the zero-level plateau decreases by approx- 
imately one order of magnitude over an input range 
of a mere 15 dB (curve 3 of Fig. 4 C). 


The lessening of center-clipping in the time do- 
main with increasing input levels, however, is of lit- 
tle, if any, help to patients with cochlear disorders 
for the following reason: running speech signals un- 
dergo rapid amplitude fluctuations with time over a 
range of approximately 30 dB. Many patients with 
cochlear disorders, when trying to adjust their TV 
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or radix sets to an acceptable average level, find this 
task di cult, if not impossible. The signal is either 
too lowi and uncomfortable on account of the 
recruitment present, or it is too soft and speech 
discrim nation is severely impaired. 





It weas stated above that the effects of ciliary 
patholæy on the coupling of hair cells to the tec- 
torial sembrane should be essentially similar to 
ased by the reduction of ciliary stiffness. No 





those c 
ratione e for that statement was given, an omission 
that shi] now be corrected. If the ciliary pathology 
would merely loosen the connection to the tectorial 
memb«zne in the sense of a loss in frictional coupl- 
ing, tie output waveform should become peak- 
clippe and that, as just stated, would not affect 
speech discrimination at all. However, in disorders 
in wha the occurrence of ciliary pathology has 
been c#cumented, such as endolymphatic hydrops 
and ar :ibiotic ototoxic lesions, the deterioration of 
speech perception is very pronounced — provided 
that the e hearing loss involves the speech frequency 
range. t was therefore concluded a) that the coupl- 
ing Been the stereocilia anc the tectorial mem- 
brane elastic in nature, and b) that ciliary pathol- 
ogy sbwuld therefore affect coupling in the same 
manne: as does the reduction of ciliary stiffness, 
produz. ng the same type of center-clipping. 





CLOSING REMARKS 


Adraittedly, some portions of the present hy- 
pothesis still lack direct experimental proof. Never- 
theless, one can derive considerable confidence 
from #s coherence, ie, from the fact that the four 
characteristic signs and symptoms of acute cochlear 
disorders (hearing loss, recruitment, poor speech 
discrirzination, and tinnitus) could be explained on 
the bess of one common phenomenon, ciliary de- 
coupl g. I hasten to add, however, that although 
this mev be a very frequent cause of the combined 
finding, it is not necessarily the exclusive cause of 
each ci the signs and symptoms. Recall the different 
forms i recruitment and the fact that tinnitus may 
be gererated at various levels of the auditory 
syster 
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IMMUNOPATHOLOGICAL STUD? OF THE LARYNX 
IgA DISTRIBUTION AND SECRETORY ACTIVITY 
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Using immunofluorescent and histopathological techniques, we studied the Sistribution and secretory activity of the glands of the 
larynx from 55 humans. The cavity of the larynx was covered with secretory glaatalar cells with the exception of the true vocal cords, 
aryepiglottic folds and upper part of the laryngeal surface of the epiglottis. Immxso‘luorescent study revealed the presence of IgG and 
other immunoglobulins throughout the connective tissue ground in each laryngeal sauicosa. The most striking was seen in the staining pat- 
tern of IgA. Diffuse fluorescence for IgA was observed not only in the submucosal cœ »eriglandular connective tissue area but also in the in- 
traepithelial or submucosal glands. Secretory component synthesis was found main in each serous-type glandular epithelium or acinus. In 
the submucosal or periglandular area, IgA producing plasma cells were numerous Dur observations suggest that IgA, produced locally, is 
secreted via the glandular cells as secretory component — SIgA. Secretory activ» of SIgA in these glandular tissues indicates that the 
larynx is possibly an immunologically active organ in the upper respiratory tract 






SC: Secretory component; SIgA: Secretory IgA; FITC: Fluorescein isothiccsnate; PBS: Phosphate-buffered saline; rGG: Rabbit 
gamma-globulin; Lf: Lactoferrin. 


The larynx is situated in the upper respiratory as a specific receptor for dimeric IgA and be 
tract and is a significant organ for phonation and secretec as SC bound SIgA. Immunohistological 
respiration. It is well established that the larynx is analysis zoncerning the localization of IgA, SC and 
endowed with a rich supply of glands which are of SIgA ir glandular tissue should provide pertinent 
the exocrine compound tubuloalveolar type.’ informe*ion on the immunological function of the 
Laryngeal secretions, produced in the glandular larynx. 
tissue, act as lubricants in vocal cord vibration.’ It 
has also been suggested that such laryngeal secre- METHODS 


tions may contribute to the immunological mucosal 


resistance of the larynx. Most recently Mogi et al Tissue Specimens. Laryngeal tissues were obtained from 55 


Japanese patients (35 males, 20 females) and prepared for ex- 


r eported the biological properties of laryngeal amination The age, sex and reasons for excision are summarized 
secretions and proposed that such are characterized in Table Fifteen of 55 larynges were excised from patients who 
by exocrine secretion and resembled nasal and underwee” total laryngectomy for cancer lesion. The tissue 


tracheobronchial secretions.? However, little atten- specimen.” subjected to immunofluorescent study were deter- 
mined mazroscopically and microscopically to be totally free of 


tion has been Ersen to the immunological role of the cancer, Petty larynges were extracted from autopsied patients 
larynx regarding the distribution and topography of who diedéw! other diseases. There were no remarkable changes in 
the laryngeal glands. these tissas. 


The present study was an attempt to demonstrate After r=asoval, the specimens were placed in 95 % ethanol (4 C) 
: ` for fixatiea for two to three days, cut into slices of 1 to 2 mm and 


the distribution of glandular tissue and examine the the fixatixa was continued for three to five additional days. The 
secretory activity of IgA in the larynx. Since the fixed tisse«s were then placed in absolute alcohol (4 C) for dehy- 
discovery of IgA in various external secretions, such 
as parotid saliva, colostrum and nasal secretions, 
the significance of this immunoglobulin in local im- 
mune systems has been reported by various groups.** rer 






TABLE 1. TISSUE SPECIMENS (N = 55 






No. of Sex 


Patients M F Reasons for Excision 
In 1965, Tomasi et al demonstrated the presence of er: : i a 
11S IgA, which differs chemically and immunolog- ap I 2 poai 
i s a : i 11-20 l l 0  gectomy for 
ically from 7S 1gA.° It is now well established that 31.30 9 9 a Sae cs 16 
11S IgA (so called secretory IgA: SIgA), which is 31-40: 3 3 0 
predominant in external secretions, is associated 41-50: 9 y 5 
with secretory component (SC) and is synthesized 51-60 15 9 6 
locally in the mucous epithelium or in glandular 61-70: 15 li 4 Autopsy 40 
tissues.’ It has also been suggested that SC might act 71-80: 7 6 l 
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Fig. 1. dcrizontal section through ventricle (a,b) and subglottis (c,d). a, c) H & E staining; b, d) Schematic presentation 
of the glands. ‘x5). [es Gland; Bone; EB Thyroid gland; mrw Squamous epithelium. 


dration and were >repared for paraffin sectioning as described 
elsewhere.** Embedded sections were cut into serial sections at 4 u 
in thickness, deparaff:nated and stained using a direct or incirect 
immunofluorescent technique.” The consecutive sections were 
also stained with H&E or PAS-AB for routine histopathological 
examination. 


Antisera. Antiseza to human IgA and IgG were prepared by 
immunizing rabbit: with a-chain or y-chain component of each 
immunoglobulin, Rabbit anti-lgM (p-chain) and anti-IgE 
(e-chain) were purchased from Boehringer Institute.” Antisera to 
human SC and lac-oferrin (Lf) were gifts.t All these antibodies 
were adjusted to a prctein concentration of 0.2 mg/ml before use. 
Anti-rabbit gamma-globulin (anti-rGG) goat serum was obtained 
by immunizing a geat with rGG. Specificities of these antibodies 
were confirmed by mmunodiffusion and immunoelectrophoresis. 


Fluorescin-Labeled Antibodies. Antisera to human IgA, IgG 
and rGG were labeved with fluorescein isothiocyanate (FITC) as 
described previousl’.’'! Fluorescein-to-protein ratios of labeled 
anti-IgA, anti-IgG and anti-rGG were 1.2, 0.9 and 1.6. 


_Immunofluerescent Study. Direct (anti-IgA, anti-IgG) and in- 
“Hoechst, Japan. 


TGoro Mogi. MD, Yamaguchi University School of Medicine, Ube, 
Japan, 


direct (anti-IgM, anti-IgE, anti-SC, anti-Lf) immunofluorescent 
studies were carried out. In the direct immunofluorescent ex- 
amination, incubation with FITC-labeled antiserum was carried 
out in a humidified chamber overnight at a room temperature of 
20 C and was followed by a wash in four to five changes of cold 
phosphate-buffered saline (4 C) at pH 7.2 for 15 minutes. The 
labeled sections were mounted with nonfluorescent glycerin-PBS 
and observed under a fluorescent microscope. * 


For the indirect immunofluorescent techniques, the deparaf- 
finated sections were first incubated with antiserum at 37 C for 
one hour. After the antiserum was washed out carefully with cold 
PBS, the sections were reincubated with FITC-labeled anti-rGG 
overnight followed by washing and mounting as above. In the 
control studies, unlabeled antiserum was used. 


RESULTS 


Routine Microscopic Observations. The cavity of 
the larynx was lined with ciliated or nonciliated 
respiratory epithelium, with the exception of the 
true vocal cords and aryepiglottic folds which were 
covered with stratified squamous epithelium. The 
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*Nikon Camera Co, Tokyo, Japan. 
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Fig. 2 o amanadar analysis by anti- IgG and 
anti-IgA in the mucosa of ventricle. Diffuse fluorescence 
for a) IgG and b) IgA were observed throughout the con- 
nective tissue. Plasma cells were also evident. Note the 
fluorescence for IgA in the secretory epithelium. (x100) 


lingual surface of the epiglottis was also covered 
with squamous epithelium. In the tissues from 
adults, squamous change was occasionally seen in 
the mucosa of the upper part of the laryngeal sur- 
face of the epiglottis and lip of the false vocal cord, 
and was most evident in older age groups. The 
squamocolumnar junction at the lining of the free 
edge of true vocal cords had shifted to the ven- 
tricular or subglottic area in the older age groups. 
Intraepithelial or submucosal glandular distribu- 
tion was observed in each laryngeal specimen. Al- 
though the pattern and degree of distribution dif- 
fered more or less from one specimen to the other, 
the glands were particularly numerous in the false 
vocal cords, ventricle and subglottis. 


In the ventricular area, saccular glands were seen 
to extend everywhere in the submucosa and further 
to the submucosa of the false vocal cord. The glands 
on the ventricular aspects of the false cord were 
continuous and lateral with those of the saccule. In 
addition, a few glands were seen to arise from the 
lateral wall of the ventricle and extend superiorly 
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Figs. 3. Staining pattern by anti- IgA conjugate in laryn- 
geal nucosa. a) IgA distribution in the mucosa of false 
veca. cord. Diffuse fluorescence for IgA distributed in the 
subrmscosal stroma. IgA producing plasma cells were also 
seer. Note the cytoplasmic fluorescence for IgA found in 
the exlumnar epithelium. Faint or no fluoresence was 
fours an the squamous P b) Distribution of IgA 
in tes upper part of the laryngeal surface of epiglottis. 
Notethe dar cut boundary of the staining pattern at the 
baser® ent membrane of the epithelium. Fluorescence was 
aiso t aserved in the mucus materials on the mucosa. 


and laterally in close proximity to the thyroid car- 
tilage ` Fig. 1 a, b). Occasionally, at the level of the 


penetm ted eae to the acai pracess into the 
fibers of the vocalis muscles. 


A beavy concentration of glands was also found 
in the subglottic region. As shown in Figure 1 c, d, 
closels packed glands were found to be distributed 
in the narrow submucosal connective tissue sur- 
rounded by cricoid cartilage. In contrast, glands 
were ~arely found in the submucosa of the true 
vocal ord or within the underlying vocalis muscle. 
Oniy <a the ventricular side of the cord did a few 
ducts sroceed downwards. On the epiglottic mar- 
gin, ac) extensive tubuloalveolar glandular system 
extenced infraglottically within the deep fibers of 
the er ecothyroid ligament. 
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Fig 4. Immunofluorescent analysis by anti-SC and anti-IgA in the glandular epithelium. a) Glandular epithelium of 
false vocal cord stained for SC (x200). Bright fluoresence was found in every intraepithelial secretory cell. b) Secretory glands 
in the ventricle stained for SC (x200). Fluorescence for SC was observed not only in the epithelial glands but also in the gland- 
ular ductules. c) Staining pattern by anti-IgA conjugate in the mucosa of the subglottis (x400), Fluorescence for IgA was 
found ia the glandular epithelium and plasma cells just beneath the epithelium. d) Adjacent section to Fig. 4c stained for SC. 
Note the interse fluorescence found in the cytoplasm of each secretory epithelial il 


The laryr geal g ands were of the mixed seromu- 
cinous type Serous-type glands tended to be pre- 
dominant ir children and young adults. There was 
no relationsaip bezween the distribution of serous- 
and mucous-tvpe glands in each topographieal 
study. Goblet cells were also found in each speci- 
men. It should Fe noted that the periglanular adi- 
pose tissues increased in number in the older age 
groups. Reand cell infiltration was observed to 
greater and lesser degrees in each tissue section. In 
such cells, plasma cells and neutrophils were the 
most promirent. Plasma cells were present predom- 
inantly in the sabmucosal connective tissue area 
and around the glandular acini. In some cases, 
eosinophils were localized in the submucosal con- 
nective tissu2 area. 


Immunofluorezcent Examination. When tissue 
sections from laryngeal mucosa were incubated 
with specific antisera to human IgG, IgA, IgM and 
IgE, fluorescence for each was observed in almost 
every case. 4s demonstrated in Figure 2a, anti-IgG 
conjugate produced considerable fluorescence not 
only on the mucoid materials on the mucosa but 
also in the sibm-icosal connective tissue. IgG pro- 
ducing plasma cells were present in the stroma 
beneath the epithelium of the false vocal cord. ven- 
tricle and s_bgicttis. IgG producing plasma cells 
were also presen: around the vessels. Plasma cells 


producing IgM and IgE also existed in the subepi- 
thelial layer of mucosa covering the false vocal 
cord, ventricle and subglottis. Their numbers, 
however, were relatively few as compared to find- 
ings in the IgG plasma cells. The most intense 
fluorescence was seen when tissues were incubated 
with anti-IgA conjugate. Anti-I[gA conjugate pro- 
duced considerable fluorescence in the submucosal 
connective tissue ground substances not only of the 
ventricle (Fig. 2) but of the false vocal cord (Fig 3a) 
and epiglottis (Fig. 3b). 


Fluorescence for IgA was also observed in the 
stroma around the glandular acini or ductules. 
Fluorescence in mucoid materials on the mucosa 
also revealed the presence of IgA in the secretion. 
IgA producing plasma cells were observed in the 
submucosal connective tissue (Figs. 2b, 3a and 4c), 
periglandular area (Fig. 5c) and around the vessels. 
Although the numbers of IgA producing plasma 
cells varied between different specimens, IgA plas- 
ma cells were abundant in specimens taken from 
the false vocal cord, ventricle and subglottis. In the 
true vocal cord, the numbers of IgA, IgG, IgM and 
IgE plasma cells were small despite the presence of 
such immunoglobulins in the stroma. 


The most striking difference between anti-IgA 
and antisera to other immunoglobulins was in the 
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Fig. 5. Secretory glandular acini or ductules in the larynx. a) Close-+y-packed, tubuloalveolar acini in the ventricular 
area. Bright fluorescence was found in all the serous-type acinar cells. Intercellular spaces were strongly fluorescent. (Stained 
for SC, x200). b) Glandular ductules extending to the ventricle. Mucus materials in the lumen were strongly fluorescent. 
Note the fluorescence in the apical cytoplasm. (Stained for SC, x400). c) Distribution of IgA producing plasma cells around 
the glandular acini (Stained for IgA, x200). d) Lf synthesis in the closely-packed glandular acini. Fluorescence for Lt was seen 


in the cytoplasm of serous-type acini. (Stained for Lf, x100). 


staining pattern of the larvngeal epithelium. As 
demonstrated in Figures 2b, 3a and 4c, anti-IgA 
conjugate revealed a bright fluorescence in the 
cytoplasm of the intraepithelial secretory glands. 
Such secretory epithelial cells were commonly seen 
in the ciliated columnar epithelium of the false 
vocal cord, ventricle, subglottis and the lower part 
of the laryngeal surface of the epiglottis. In eon- 
trast, IgA secreting glandular cells were not present 
in the squamous epithelium of the epiglottis (Fig. 
3b) and the true vocal cord. 


The intense fluorescence for IgA observed on the 
mucoid materials on the mucosa and the presence of 
IgA positive cells in the columnar epithelium in- 
dicate the significance of this immunoglobulin in 
the larynx. We, therefore, examined the secretory 
activity of such glandular tissues by staining with 
anti-SC and anti-IgA. Bright and regular fluores- 
cence for SC was noted in the glandular epithelial 
cells of the false vocal cord (Fig. 4a), ventricle (Fig. 
4b) and subglottis (Fig. 4d). The fluorescence for 
SC was most evident in the apical cytoplasm and in- 
tercellular spaces of serous-type glandular cells. 
Mucous-type acinar cells and goblet cells contained 
very little or no SC. 


To assess the secretory process of IgA in glandular 
epithelium, we observed the staining pattern of IgA 


and S€ in serial sections, as demonstrated in Figure 
4c, d. In the glandular epithelial cells of subglottic 
larvngeal mucosa, SC production was commonly 
seen ix the cytoplasm of secretory cells. When the 
adjacent section was stained with anti-IgA conju- 
gate, luorescence was noted not only in the cyto- 
plasm of IgA producing cells but also in the secre- 
tory esithelial cells, IgA was also found in the sub- 
mucosal connective tissue. Mucoid materials on the 
mucosa also showed positive fluorescence for anti- 
IgA and anti-SC. It was evident that IgA, produced 
locally by plasma cells, entered the cytoplasm or in- 
tercelailar spaces of the secretory cells and was 
secreted via the secretory epithelium. Mucoid ma- 
terials, therefore, apparently contained SC bound 
SIgA. 


The secretory process of IgA was most prominent 
in the submucosal glands. In the closely packed 
glandular acini, anti-SC revealed the bright stain- 
ing of cell membrane and also of the cytoplasm, but 
the most intense staining was from the intercellular 
space: of the glands (Fig. 5a). The bright fluores- 
cenee for SC was also observed in the glandular 
ductules (Fig. 5b), Although the fluorescence for SC 
differed between each glandular cell in such duc- 
tules, it was evident that the apical cytoplasm along 
the dactal lumen fluoresced most intensely. Most of 
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the round cells -o ind around the glandular acini or 
ductules were IgA producing plasma cells (F ig. 5c). 
It is considerec, therefore, that SIgA production 
was most prominent in the glands of that area, in- 
dicating the presence of SIgA in the laryngeal seere- 
tions in the venzricle. 





In contrast to the regular and heavy fluorescence 
for SC obtained from every glandular cell founc in 
laryngeal epithelium, glandular acini and ductules, 
anti-Lf conjugate produced a brilliant fluorescence 
only in the submucosal glandular acini (Fig. 5d). 
Almost no fluorescence for Lf was noted in the se- 
cretory cells on the laryngeal mucosa. Lf was usual- 
ly not detected in zhe glandular acinar cells positive 
for PAS-AB staiaing. 


DISCUSSION 


The present study demonstrated that most of the 
mucosa of the laryngeal cavity is lined with ciliated 
or nonciliated columnar epithelium, showing the 
predominance cf glandular epithelium in the lar- 
ynx. Stratified epithelium with occasional squa- 
mous metaplasiz was usually seen in the true vocal 
cord, epiglottis and also frequently in the lip of the 
false vocal cord. The fact that the vocal cord is com- 
monly covered with squamous epithelium has been 
confirmed by otaers.'?'* Tucker et al, who studied 
the developmen: of the laryngeal epithelium, re- 
ported that the laryngeal surface of the epiglottis is 
uniformly covered with columnar appearing cells.” 
They also reported that a profile view of such epi- 
thelium demonstrated a stratified character. Enco, 
who examined the laryngeal epithelium histologi- 
cally, reported that squamous change of the laryn- 
geal surface of tke epiglottis increased with aging. 
Developmental studies of the laryngeal epithelium 
were also done ky Hopp, who demonstrated that 
the epithelium o the larynx differentiates in a def- 
inite pattern throughout embryonic life to achieve 
its adult appearance, and described it as a result of 
physiological mezaplasia. We found that the strati- 
fied squamous epithelium covering the upper part 
of the laryngeal surface of the epiglottis extended to 
the ventricular area; such findings revealed evi- 
dence of physiolcgical change. 


It should be nozed, however, that most of the 
laryngeal cavity is lined with secretory epithelial 
cells. The presence of intraepithelial or submucosal 
glandular tissue iilustrates the significant role of the 
secretory system in the larynx. Nassar and Bridger 
found that the ciliated laryngeal mucosa is general- 
ly associated witt submucosal glands, and reported 
that the function is to maintain a lubricated muco- 
sal surface.’ It was also reported by DeWeese ard 
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Saunders that laryngeal secretion acts as a lubricant 
in vocal cord vibration.? The predominance of 
epithelial or submucosal glands in the ventricular 
and subglottic areas (Fig. 1) may indicate an active 
secretion. It should also be considered that the 
laryngeal mucus may contribute to the immunolog- 
ical mucosal resistance of the larynx. 


Mogi et al, who investigated the biological prop- 
erties of laryngeal secretion, observed that laryn- 
geal secretions have much the same amount of IgG, 
IgA and other immunoglobulins as those in nasal 
secretions and tracheobronchial washings.* They 
also emphasized the local immune system by secre- 
tory IgA in the laryngeal mucosa. Our immuno- 
fluorescent study revealed the presence of IgG (Fig. 
2a) and other immunoglobulins in laryngeal muco- 
sa. However, anti-IgA conjugate produced the most 
intense fluorescence throughout the connective 
tissue area in each specimen (Figs. 2b and 3). The 
predominance of IgA producing plasma cells in the 
submucosal (Figs. 2b, 3a and 4c) or periglandular 
(Fig. 5c) connective tissue supports the idea of an 
active local IgA synthesis against antigenic 
stimuli.’ 


With respect to the local immune system in re- 
spiratory passages, numerous studies have been re- 
ported.*”''°! It is now well established that, in such 
external secretions, SIgA is the predominant im- 
munoglobulin and consists of two antigenically dif- 
ferent substances, dimeric IgA and secretory com- 
ponent (SC).’-'* Recent studies have shown that SC 
is produced mainly in serous-type glandular acinar 
cells.?"°"° Brandtzaeg reported the presence of 
dimeric IgA containing plasma cells around the 
glands." The bright fluorescence for SC localized in 
the intraepithelial (Fig. 4) or submucosal (Fig. 5a, 
b) glands and the diffuse distribution of IgA pro- 
ducing plasma cells beneath the mucosa (Fig. 4c) or 
around the glandular acini (Fig. 5c) provide ade- 
quate confirmation. Although the exact mechanism 
of SIgA transmission is unknown, it is quite prob- 
able that interstitial dimeric IgA is secreted via the 
glandular cells after the binding of SC in the larynx. 


Lactoferrin is an antibacterial iron-binding pro- 
tein in milk and other exocrine secretions.:'"* Im- 
munofluorescent examination for Lf showed that 
such is produced only in the closely packed serous- 
type glandular acini (Fig. 5d), which are negative 
for PAS-AB staining, whereas glandular cells in the 
epithelial lining do not react to anti-Lf antibodies. 
Similar findings were also observed by other work- 
ers.” Immunohistochemical and cytochemical ex- 
aminations to determine the differences of Lf syn- 
thetic activity between intraepithelial glands and 
glandular acini are now underway. 
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RHINOPLASTY COURS= 


The annual course “Rhinoplasty from the Beginning” will be given Sept. 6-43, 1980 in San Francisco. For further information con- 
tact: Leslie Bernstein, MD, Otorhinolaryngology, UC Davis Medical Center, 4261 X St., Sacramento, CA 95817. (916) 453-2801. 
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COMPARATIVE PREOPERATIVE EVALUATION OF EUSTACHIAN 
TUBE FUNCTION IN PATHOLOGICAL EARS 


H. VIRTANEN, MD 


T. PALVA, MD T. JAUHIAINEN, MD 


HELSINKI, FINLAND 


On 100 patholegical ears with tympanic membrane perforation, eustachian tube function was measured by using sonotubometry and 
the negative pressure equalization test in an attempt to compare these two methods. The pressure equalization test did not appear to be a 
reliable tool for precperative clinical determination of tube function because sonotubometry showed tubal opening in 85% (myringoplasty 
group) and in 49% (radical surgery group) of pathological ears, which were not able to equalize negative middle ear pressure at all during 
swallowing. The negative pressure equalization test is considered to be unphysiological and may produce a locking phenomenon of the 
tube. Even a smal negative pressure can act like a valve, producing an obstruction that muscle activity of the tube is no longer able to over- 
come particularly when mucosal changes are present in the tubal orifice. Sonotubometry is a physiological test and as such gives a reliable 


picture of the opening of the tube during swallowing. Data on tympanic aeration postoperatively will be reported later. 


There is general agreement that adequate 
eustachian tube function is necessary for successful 
middle ear surgery even if many other factors also 
influence the results. Opinions have differed on the 
value of preoperative tubal function tests in chronic 
otitis media and some investigators have questioned 
their significance’? because the number of false 
negative meas.irements has been too high and their 
prognostic valie in middle ear surgery, poor. Relia- 
ble informatien would, therefore, be welcome in 
planning the surgical procedures since a well-func- 
tioning eustachian tube is an essential prerequisite 
for postoperative aerated middle ear. 


According to many investigators’ ® the best and 
most physiological way to examine the tubal func- 
tion has been the negative pressure equalization 
method (aspiration method) introduced by Flisberg 
et al in 1953.’ The artificially created negative mid- 
dle ear pressures were equalized with one or two 
swallowings by normal individuals.34°*" 


The number of ears with the ability to equalize the 
negative intratvmpanic pressure completely or partial- 
ly has varied from 7.5’? to 70% in different patho- 
logical (chronic otitis) materials, the mean be- 
ing 46% .'* Good results have been obtained by tym- 
panoplasty even though the negative pressure equal- 
ization test has shown the inability of the tube to 
normalize the altered middle ear pressure.'?*?'?:'*' 
On the basis ef this negative correlation some in- 
vestigators have been of the opinion that the 
pressure equalization test has very little value in the 
evaluation of tubal function. 


One of the recently worked out methods in the 
evaluation of physiological auditory tubal opening 
is sonotubometry, reported by Virtanen.'*'’ In this 
procedure a pure tone (6, 7, and 8 kHz) delivered 


neee 


into one nostril is recorded from the external ear 
canal and during swallowing even in 95% of nor- 
mal ears a sound pressure level change can be regis- 
tered denoting tubal opening. 


Encouraged by these early results which repro- 
duce well, we have started doing the eustachian 
tube function tests in clinical series in order to com- 
pare a simplified negative pressure equalization test 
and sonotubometry. In the present paper the results 
of these methods of examination are reported as ap- 
plied for preoperative assessment of tubal opening 
in pathological ears scheduled for surgery. Post- 
operative data will be reported later when suffi- 
cient time has elapsed from surgery to evaluate the 
permanent end result. 


METHODS 


A total of 100 ears with central or marginal tympanic mem- 
brane perforation of 100 patients ranging from 8 to 82 years of age 
were evaluated. No patient had upper respiratory infection at the 
time of the test. The patients were divided into two main groups. 
In the myringoplasty group there were 56 ears which were all 
dry. The second group consisted of 44 ears with active disease on 
which radical operations were performed. 


Prior to surgery, sonotubometry and the negative middle ear 
pressure equalization test for eustachian tube function were per- 
formed. The main principle in sonotubometry, previously de- 
scribed in detail,'®'’ was to introduce pure tones of 6, 7, or 8 kHz 
through a nasal oliva tip into the nostril. The test sound passing 
through the tube during tubal opening was picked up by the 
microphone embedded in the circumaural ear defender and fitted 
with a probe of suitable size in the external ear canal. The 
amplified output of the microphone was fed through the narrow 
bandpass filter in order to suppress background noise and re- 
corded by a level recorder (Figs. 1 and 2). 


The negative middle ear pressure equalization test was per- 
formed according to Flisberg et al’ and Holmquist'* with some 
modifications. The eustachian tube function was studied by 
means of an electroacoustic impedance bridge (Teledyne Model 
TA-2C), using its manometer section. A negative pressure level of 
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Fig. 1. A block diagram of the equipment. 


— 200 mm H,O was produced by means of the air pressure pump 
of the impedance meter into the external auditory canal and the 
middle ear. The patient was then asked to swallow a sip of water 
repeatedly, as a rule ten times. The associated equilibrating of the 
artificial negative pressure was registered and this final residual 
level was recorded. 


RESULTS 


The results of tubal function by the negative pres- 
sure equalization technique were classified into 
three groups with residual pressure ranges of 0-19, 
20-199, and = 200 mm H,O (Table 1), according to 
their capacity to normalize negative pressure. In 
sonotubometry level changes larger than or equal to 
5 dB over the base line were accepted and the 
smaller responses only if these could without doubt 
be distinquished from the fluctuating base line. 





4 
i. wat 


an SW 





Fig. 2. The general pattern of the tubal opening with 7 
kHz tone (left) and without tone (right) introduced into the 
nose as recorded from the external auditory meatus (SPL re 
20 » Pa). At the top of the chart the markings of the 
swallowing movements can be seen. 


Fif-y-six ears underwent myringoplasty with or 
withcut tympanoplasty and mastoidectomy. In 44 
of the tetal 100 pathological ears, radical surgery 
for a chrenic ear disease was performed with tym- 
panic membrane, ossicular chain and canal wall 
reconstruction, combined with mastoid oblitera- 
tion.” lm the group of residual negative pressure of 
0-19 mm H,O there was only one ear in the whole 
series which had entirely “normal” pressure 
equalization during swallowing preoperatively. 
The artificially established negative middle ear 
pressare of 200 mm H,O was equalized partially 
(range of 20-199 mm H,0) in 21] ears in the myr- 


"TABLE 1. TUBAL FUNCTION OF 100 
PATHC LOGICAL EARS DIVIDED ACCORDING TO 
RESIDUAL NEGATIVE PRESSURE EQUALIZATION TEST 
AS COMPARED WITH SONOTUBOMETRY 








Residuo! 
Negatwe Pressure Sonotubometry 
mmn FO No. Ears Positive Negative 
Myrinzopiasty 
0-19 1 l — 
20-1989 21 20 ] 
= 200 34 29° 5 
Total 56 
Radical surgery 
8-19 m 
20-130 7 7 — 
= 200 37 18t 19 
Total 44 
"B5 F 
149 
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ingoplasty group and in 7 ears in the radical surgery 
group. Twenty ears in the former group and seven 
ears in the latter group had positive sonotubometric 
results. In the third group, where the negative mid- 
dle ear pressure was unchanged during swallowing, 
29 of 34 myringoplasty ears (85%) and 18 of 37 
radical surgery ears (49%), respectively, showed 
positive tone assage through the tube preopera- 
tively. The de:ailed results are given in Table 1. 


DISCUSSION 


Examination of the present data shows a great 
discrepancy between the sonotubometry and the 
negative pressire equalization test. This type of 
result is apparently due to several factors. In cases 
of a dry ear ard normal looking mucosa, the pres- 
sure equalization test cannot be considered physio- 
logical because the negative air pressure levels ap- 
plied largely exceed the underpressures which de- 
velop normally by gas absorption from the middle 
ear cavity.” According to the experiments of 
Elner?°?! an anderpressure of 30-65 mm H,O 
develops in one hour and about 1 ml air is absorbed 
in 24 hours if tae tube does not open, but normally 
the tube opens once every 1 to 3 minutes. 


In the truly pathologically changed middle ears, 
the mucosal changes often extend to the mucosa of 
the tube in the ‘orm of tissue edema, and sometimes 
in the form of thick, even polypous or granulating 
mucosa. In tne negative pressure equalization 
method, the suction power of the negative middle 
ear pressure oa the mucosal surfaces in the tube 
evidently is capable of further impairing tubal 
opening during swallowing®*? and this locking 
phenomenon o” the tube has also been reported by 
Holborow.”? Even a small negative pressure can act 
just like a valv producing an obstruction that the 
muscle activity of the tube is no longer able to over- 
come. Another 2ondition that the equalization tech- 
nique does not take into account is a perforation 
which is not cennected to the tympanic orifice of 


the tube and the negative result is directly mis- 
leading. 


This reasoning accords well with the recent re- 
sults of Siedentop et alt who found no difference 
between 15 normal and 14 pathological ears with 
intact tympanic membranes. In their material 60% 
of normal ears were unable to attain achieved mid- 
dle ear pressures of — 100 mm to — 250 mm H,O 
when a pressure of — 200 mm H,O was applied to 
the nasopharynx and the subject asked to swallow. 
Both the normal and pathological ears required re- 
peated swallows to normalize negative pressures 
and the repetition was not good, 


Our findings indicate clearly that the results of 
sonotubometry for the identification of tubal dys- 
function are not in agreement with those obtained 
from the pressure equalization method. The sono- 
tubometry was positive in very many cases in which 
there was no change in the negative pressure equal- 
ization test. The preliminary data with sonotubo- 
metry results in 18 ears reported by Virtanen’® 
showed a much better correlation with surgical re- 
sults in both the preoperative and postoperative 
tests. 


Enthusiasm for the value of the preoperative eu- 
stachian tube function tests has, with the exception 
of a few workers, greatly declined particularly be- 
cause the pressure equalization test has not cor- 
related with the surgical results even in the most 
favorable group, myringoplasty. In dry, normal 
ears, the surgical results generally testify for a 
perfect tube function even if the pressure equaliza- 
tion test has been negative. In severely diseased ears 
surgery around the eustachian tube can greatly 
modify the end result and it is even logical that the 
pressure equalization test preoperatively, when 
negative, is useless. On the other hand, sonotubo- 
metry is an entirely physiological test which, when 
positive, depicts what regularly happens in human 
ears after each swallow. How well the results will 
correlate with a successful tympanic aeration will 
be seen later when this material has had a sufficient 
follow-up period. 
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The early d agnosis of vertebrobasilar insufficiency in patients with vertigo as their only symptom was attempted using a battery of 
vestibulo-oculometor tests. With this testing procedure, we were able to find abnormal! vestibulo-oculomotor mechanisms that could ac- 
count for the vertigo in 41 of 42 patients. These abnormalities, however, did not fall into an easily recognizable pattern that could be con- 
sidered characteriscic of vertebrobasilar insufficiency. The large intersubject variability probably arises from the very different and 
widespread lesions that occur at the vestibular and neurological levels as a consequence of vertebrobasilar insufficiency. 


Of the cerebrovascular diseases, the syndrome of 
vertebrobasilar insufficiency (VBI) is of particular 
importance tə the neurotologist. It can take two dif- 
ferent forms: a) intermittent insufficiency due to 
transient repetitive occlusion of a major vessel, 
usually one cf the vertebral arteries; and b) steady 
diminution o? the vascular reserve, due to thicken- 
ing of the walls of small and middle size arteries, 
with eventua formation of small infarcts. In our ex- 
perience, thefirst cause of VBI has been infrequent. 
By contrast, VBI of the second type is a very com- 
mon cause cf vertigo in patients after the fifth 
decade of life. In this paper we shall deal only with 
this form of vascular disease. 


It has beea established that vertigo is the most 
common first symptom to appear in VBI'* and that 
it can exist as an isolated complaint for long periods 
of time. Vert:go is usually accompanied by unstead- 
iness more epparent in connection with sudden 
movements. This cannot be explained by neurologi- 
cal examination and it is only after other major 
symptoms and physical signs appear, such as 
diplopia, transient blindness, dysarthria and gait 
disturbances, that the diagnosis of VBI is estab- 
lished. 


The otological examination of these patients has 
not helped very much in the past. Often, it did not 
show any abnormality that could explain the verti- 
go and unsteediness, and in other cases, the findings 
could not be interpreted as due to central nervous 
disease as opposed to labyrinthine origin. The pur- 
pose of the present study was to detect abnormali- 
ties that could explain the symptoms of vertigo and 
disequilibrium in patients with VBI, and to explore 
the possibility cf a pattern that could, in turn, help 
in the early diagnosis of the disease. 


METHODS 


In the last few years we have studied patients with suspected 
VBI. These patients can be classified in three groups. 


1. Subjects with an established diagnosis of VBI on the basis of 
neurological studies. 


2. Patients with known vascular pathology, like renovascular 
hypertension, diabetes, etc, who develop vertigo without any 
other symptom or neurological sign. 


3. Vertiginous patients, without vascular or neurological 
pathology, in whom VBI is suspected based only on the neuro- 
tological examination. 


In this paper, 42 patients were studied with vertigo as their 
only symptom, with strong possibility that it could be caused by 
VBI. This group of patients was followed up, and the diagnosis of 
VBI was considered confirmed when, in the course of time, the 
complete neurological picture of VBI or an infarct in the territory 
of a major cerebral vessel was developed. In five cases, the 
diagnosis of VBI was confirmed at necropsy; of these, three died 
of terminal renal insufficiency, one of necrotizing papillitis of 
diabetic origin and one of hemorrhagic infarct in the territory of 
the middle cerebral artery. 


There were 20 males and 22 females, with a mean age of 63.3 
and 64.6 years respectively. The distribution in decades is shown 
in Figure 1. Ten patients had kidney disease, either pyelonephritis 
or glomerulonephritis, that caused renovascular hypertension. 
Eight patients suffered diabetes and 13 arterial hypertension of 
unknown origin. 


It is important to emphasize that, although in many of these 
patients several nystagmographic tracings had been obtained, on- 
ly the tracings taken when there were no symptoms other than 
vertigo and when no neurological abnormalities were detected, 
were used for the purpose of this paper. For comparison purposes, 
an age-matched group of 45 normal subjects (with no vertigo or 
history of ear or neurological disease) was studied. 


All patients had complete medical records at the hospital. 
Otorhinolaryngologic examination included tone and speech au- 
diometry and when needed, Békésy tracings, SISI and Carhart 
tests and impedance audiometry. Vestibulo-oculomotor tests in- 
cluded a) standard vestibular tests (spontaneous nystagmus, posi- 
tional nystagmus and bithermal caloric tests),° and b) oculomotor 
tests with optical stimuli (ocular saccades, pursuit eye movements 
and optokinetic nystagmus). 
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Age 40 50 60 70 80 
49 59 69 79 89 years 


Fig. 1. Age distribution of the 42 patients studied. 


The saccadic eye movements were tested by means of two small 
red lamps separated by an angular distance of 15°. The lights are 
connected so that when one goes on, the other simultaneously goes 
off. The pursuit eye movements were studied using the pendular 
eye tracking tests in which a target swings in front of the patient 
with a frequency of 0.5 Hz covering an arc of 20-30°. Optokinetic 
nystagmus was investigated only in the horizontal plane, with the 
patient looking towards a drum painted with alternate black and 
white stripes, moving at several speeds, clockwise and counter- 
clockwise. 


Optovestibular integration tests were also performed. For this 
purpose we employed the torsion swing pendulum described by 
Greiner et al,’ that oscillates in the vertical axis with a period of 
20 seconds. Three tests were performed on each patient. 


Vestibular Stimulation. The patient rotates with eyes covered; 
the eye movements thus produced are due only to vestibular in- 
fluence. The cumulative nystagmic response is proportional in 
normals to the angular displacement of the chair and the varia- 
tion is linear when such displacement is kept between 40 and 
280°. The relation of magnitudes, however, varies according to 
the period; at 0.05 Hz, the total angular displacement of the eyes 
is equivalent to 40% of the angular displacement of the chair. 
This value is very constant in normal subjects, the standard varia- 
tion being equivalent to 17.8% of the mean." 


Optovestibular Stimulation, The patient rotates. looking at the 
stationary surroundings. The vestibular stimulus is thus combined 
with an optokinetic stimulus, caused by the illusion that the room 
rotates around the patient. Both vestibular and optokinetic 
stimuli would produce nystagmus to the same side. The responses 
to this type of stimulation are known to be very precise; in nor- 
mals, the cumulative slow phase of the nystagmus corresponds to 
the amplitude of the stimulatory movement in a one to one rela- 
tion; that is, the magnitude of the cumulative eye movements 
equals 100% of the magnitude of the chair displacement. i 


Vestibular Stimulation with Optical Fixation. The patient 
rotates, looking at an optical target that moves with the chair. In 
this test the vestibular nystagmus is inhibited by an optokinetic 
stimulus that would produce nystagmus to the contralateral side. 
In normal subjects, no eye movements are produced.’ 


Eye movements were recorded with standard nystagmographic 
technique, using an 8 channel Grass polygraph. Each eye was 
tested separately, using both DC coupling and speed derivative. 
In some cases, an integrator channel was used to facilitate 
measuring total eye displacement. Vertical leads were used to ex- 
clude eye-blinking artifacts. All testing was made with the chair 
oscillating with a frequency of 0.05 Hz, and responses were 
measured when the maximum displacement of the chair was in 
the range of 135 to 180°. The amplitude of oscillation was 
measured by means of the electrical output of a photocell, re- 
corded in one channel of the polygraph, 


The parameter of responses used was the cumulative angular 


displacera:-nt of the eyes due to the slow phase of the nystagmus, 
measurec 2 degrees. To facilitate analysis of the results, the value 
of the resczunse was expressed in terms of the percentage of the ex- 
pected vafe of normal response. In addition to quantification of 
the respe:.ses, an appreciation of certain qualitative charac- 
teristics œ zhe nystagmus was attempted. Montandon? described a 
special ew. 4iguration of the nystagmus in VBI which he called 
“petite =riture,’ a name that can be translated as 
“microgramav.” This consists in a decrease of the amplitude of the 
nystagmic | beats with concomitant increase in frequency due to 
conservat of a normal slow phase speed. To investigate the 
presence <-micrography in our patients, the mean amplitude of 
the nystæznus was determined by dividing the cumulative dis- 
placement«:f the eyes by the number of nystagmic saccades. 








RESULTS 


STANDA cI VESTIBULAR TESTS 





Spon neous nystagmus was found in 11 patients 
(26%). m eight it was a “gaze nystagmus” and in 
three it was “vestibular nystagmus” (VN), accord- 
ing to th.=classification of Jung and Kornhuber;"° of 
these, tære was a second degree VN in two cases 
and firs: #egree VN in one. No spontaneous nystag- 
mus was /ound in the control group. 





Positimal nystagmus was found in 12 patients 
(29%). ie nine it was of the “benign paroxysmal” 
type. Im three, a “central” type nystagmus was 
found. “a positional nystagmus was found in the 
control e-oup, although two patients complained of 
slight vertigo. 


Calor: nystagmus was found abnormal in 14 pa- 
tients (42%).'' Six showed bilateral depression, 
three prevented canal paresis and five, directional 
preponderance. No abnormalities in the caloric test 
were fownd in the control group. 


OCULO™’ ITOR TESTS WITH OPTICAL STIMULATION 


Saccaaic eye movements were abnormal, in 14 
patients 3%) classified as follows: 


1. “Faise starts.” The eye jumps to the lamp 
before it ‘s lighted, while the other lamp is still on, 
so the eye has to go back to the initial point. This is 
normal hen it occurs infrequently, but in seven of 
the patiewts in this study, there was a tendency for it 
to occur «most constantly. 





2. Oc lar dysmetria. The eyes either stop short 
of the new target (hypometric dysmetria), or over- 
shoot it, *xecuting a second saccade of opposite di- 
rection “typermetric dysmetria).'?'*? Hypometric 
dysmetriz was observed in five patients, hyper- 
metric dxsmetria in one. 





3. In zae patient, there was continuous tremor 
and terminal instability of the eyes. No abnor- 
malities f the saccadic eye movement were de- 
tected im -he control group. 





Smoot? pursuit movements were abnormal in 28 
cases (6E +). In 4 patients there was superimposi- 
tion of izst movements to the smooth sinusoidal 


126 


PERCENT 


CORVERA ET AL 





u 
(BOTH SIDES) 


NORMALS 12 


ABNORMALS 30 


fn o 

(28 %) DEPRESSION , BILATERAL 8 i9 

vs UNILATERAL 8 19 

(72 %) DEPRESSION + INCREMENT 4 t0 
3 


INCREMENT, BILATERAL 


+ UNILATERAL 7 1? 


Fig. £ Magnitude of the integrated eve responses to vestibular stimulation with eyes covered, expressed as percent of the 
actual rotation of the chair. For each patient the magnitude of the total response to right and left rotation is shown. 


curve; in 14, the eye movements were ataxic: eye 
tracking was abolished in 2 patients; and in 8, there 
was a fine corstant tremor of the eyes. The pursuit 
eye movemen.s were “ataxic” in three of the pa- 
tients in the control group. 


Optokinetic nystagmus (OKN) was abnormal in 
12 patients (29%). The responses were asymetrical 
in six, symmetrically depressed in three, and 
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disorganized in three. Two subjects in the control 
group had symmetrically depressed OKN. 


OPTOVESTIBULAR INTEGRATION TESTS 


The results, in terms of the percentage of the ex- 
pected response, are shown in Figures 2 (vestibular 
stimulation) and 3 (optovestibular stimulation). To 
be considered abnormal, the responses should devi- 
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Fig. 3. Magnitude of the integrated eye responses to optovestibular stimulation (eyes open, illuminated room). Normali- 
ty (shaded area) falls between 67% to 133% of the chair’s angular displacement. 
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Fig. 4. The two subjects in whom micrography was found. The uppetrace corresponds to voluntary saccades of 15° 
amplitude, the middle shows the eye movements evoked by vestibular stimulation (VS), and the lower by optovestibular 


stimulation (OVS). 


ate more than 33% of the expected value. That 
means that, in regard to vestibular nystagmus, “de- 
pressed” means less than 26% and “increased” more 
than 53% of the magnitude of the stimulus. In re- 
spect to optovestibular stimulation, since the ex- 
pected normal results are 100% , “depressed” means 
less than 67% and “increased” more than 133% of 
the magnitude of the stimulus. In the control group, 
both the vestibular and optovestibular responses 
were somewhat depressed. The mean vestibular re- 
sponse was 34.7%, with a standard deviation of 
7.2%. The mean optovestibular response was 
92.3% with a standard deviation of 19.6%. Indi- 
vidually, three cases showed vestibular depression, 
with values below the 26% line. No case showed 
vestibular or optovestibular increase of responses, 
nor optovestibular depression. 


Micrography. The mean amplitude of the 
nystagmus saccade in normal subjects under the 
testing conditions was 7.4° for the vestibular and 
12.1° for optovestibular stimulation. To be con- 
sidered abnormal, the mean amplitude of the sac- 
cade had to measure 33% less than the normal 
mean, that is, less than 4.9° in vestibular or 8.1° in 
optovestibular stimulation. No attempt was made 
to detect larger than normal saccades. On this 
criterion, only two vertiginous patients exhibited 
micrography (Fig. 4); no case showing micrography 
was found in the control group. 


Taking together the results of the different ro- 
tatory stimulations only eight patients did not show 
any abnormality; that is, in more than 80% of pa- 
tients some alteration could be detected; this com- 
pares with the control group, in which only four pa- 
tients had some abnormality (9%). 


DISCUSSION 


The frequency of abnormal findings in standard 
vestibular tests varies among the reports on ver- 
tebrobasilar insufficiency. Spontaneous nystagmus 


appear: Erequently; its incidence has been reported 
in 7% to 19% of the patients.'*'* Positional 
nystagrzus has been reported in 5% to 88% of pa- 
tients. '*~ The wide variation of incidence reported 
is probe xy due both to the type of patients included 
in each *roup, and to the testing technique. 





Ourseries was formed by early cases of VBI, since 
the pat «ats were selected in such a way that none 
exhibitest neurological signs. Also, the method of ex- 
aminatx.a can be considered gross, since it does not 
detect tte cases where the nystagmus appears only 
when re inal inhibition is suppressed. 


The swigation of the vestibular nuclei and their 
nervous xathways is supplied mainly through small 
paramectan branches of the basilar artery, and 
thus, is ~ery easily affected by small vessel disease. 
Postura. nystagmus of the “central” type would be 
indicatie of VBI, being caused by a lesion of the 
cerebelk-vestibular connections. Postural nystag- 
mus of tre “benign paroxysmal” type could be caused 
by otolc gical disease*'*'? or could be due to vascu- 
lar insu wciency in the internal auditory artery. 


The “equency of caloric test abnormalities is 
more existent among several reports. Barber'® 
found exoric abnormalities in 22% of 100 patients; 
of those, 11% showed reduced responses and 11% 
directie-zl preponderance. Thiebaut et al” noted 
bilatera. <iminution of caloric nystagmus in 66%. 


Many authors have pointed out that abnormali- 
ties of <xulomotor function are early findings in 
VBI, escscially diplopia,’ transient paresis of con- 
jugate e~e movements'* and internuclear ophthal- 
moplegæ, best noted when testing for OKN.”° 
Althougl we found abnormal saccades in many 
cases, im nalf, the alteration consisted in what we 
have ca! “False start,” in which the significance is 
obscure 








Altera ions of smooth pursuit eye movements was 
the mosz common abnormality found in our series. 
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Fig. 5. Patient in whom the vestibular second-degree nystagmus has a direction opposite the preponderance shown by 
the optokinetic nystagmus. DC - Direct current; SD - Speed derivative. 


It has been postulated that substitution of smeoth 
tracking by fast movements is due to damage to 
cerebellar pathways, while the ataxic disorganiza- 
tion is caused by brainstem disease.*?!?? If so, the 
predominance of ataxia and abolition of pursuit eye 
movements in comparison with tracking by fast 
movements in our cases would be in accordance 
with the pathology of the disease, ischemia being 
more prominent in the terminal part of the vascular 
tree. The tremor found in eight patients could be 
due to involvement of basal ganglia. 


Optokinetic nystagmus is not just a succession of 
pursuit eye movements and compensatory saccades, 
but a very complex phenomenon in which both op- 
tic and vestibular information converge.*?*> In 
man, OKN and smooth pursuit eye movements have 
probably the same physiological basis only at low 
stimulation speed. Above an apparent angular ve- 
locity of the drum of 60° per second, there is 
evidence that incicates that OKN becomes a trig- 
gered phenomenon, with speed, amplitude, and 
frequency of nystagmus determined, not in relation 
to the stimuli, but following a preestablished pro- 
gram.’* This explains the appearance of normal 
OKN in all kinds of peripheral lesions, as long as the 
stripes are visible and there is no fusion of images.?’ 


Coats? has shown that OKN asymmetry due to 
labyrinthine lesicn is accompanied by spontaneous 
nystagmus with eyes covered, to the side the OKN is 
more marked. This does not happen when the 
asymmetry is of central origin. Of our patients with 
OKN asymmetry. only one had vestibular type nys- 
tagmus of second degree, but this nystagmus was of 
a direction oppcsite to the OKN preponderance 
(Fig. 5). On the other hand, two patients with ves- 
tibular type nystagmus did not show OKN asym- 


metry. This points out that the OKN alterations 
found were probably due to a central lesion. 


Although the alternating rotatory chair (“torsion 
swing” test, “pendular” rotatory test) has been 
widely used to study VBI,’ no attempt has been 
made to measure the response and to compare it 
with the magnitude of the stimulus. This can be 
done by comparing the instantaneous angular speed 
of the chair with the angular speed of the eye, but 
since both vary during the test, it would be nec- 
essary to compare two sinusoids. The comparison 
between total angular displacement of the chair 
with the cumulative slow phase of the nystagmus 
during each semiperiod, has been used as a pa- 
rameter of response in experimental situations, and 
the values under vestibular, optovestibular and 
muscular proprioceptor stimulations have been 
determined for normal humans.**°?! By applying 
this type of testing to clinical conditions, it has been 
possible to detect quantitative variations in the re- 
sponses, comparing responses directly with the 
magnitude of the stimulus and not, as in other tests, 
comparing responses only with a statistical value 
derived from the mean responses of a large popula- 
tion. 


Using this testing procedure, the vestibular re- 
sponses were abnormal in a very high percentage of 
cases. That this figure is not due to the method of 
testing is demonstrated by the fact that in a previous 
study® using the same technique in a group of nor- 
mals, the variability of the results, as measured by 
the standard deviation of the sample was 17.8 with 
vestibular stimulation and 10.8 with optovestibular 
stimulation; expressed in terms of percentage of the 
means. In no normal case was the variation as great 
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Fig. 6. Tracings showing unilateral depression of the vestibular nystagmus (27%) and bilateral depression of the op- 
tovestibular nystagmus (41% and 41%). In this case the optokinetic ays:agmus is also depressed. 


as 33% , the magnitude chosen in this paper as the 
threshold of abnormality. 


The vestibular abnormalities found in our pa- 
tients, especially unilateral or bilateral depression, 
could presumably be demonstrated with caloric 
testing. This has not happened, however, probably 
due to a lack of reliable parameters of response, and 
to problems inherent in the thermic test related to 
lack of precision in stimulation at the level of 
vestibular end-organs. 


The augmentation of the vestibular responses in 
our test poses many questions in regard to the 
physiology of the compensatory eye movements un- 
der rotatory stimulation. Probably the 40% figure 
obtained comparing the magnitude of the vestibu- 
lar response to the stimulus in normals is not set by 
the sensibility of the vestibular end-organ, since it is 
inconceivable that sensibility should increase with 
disease or old age. It is more likely that this figure 
would be the result of an interrelation between trig- 
ger stimulus from the vestibule apparatus and in- 
hibitory influences from other neurological mecha- 
nisms. If so, the increase of the responses could only 
result from a lesion in the central nervous system 
that would impair such a mechanism or interrupt 
its nervous pathways. 


The nystagmus obtained when testing with eyes 
open looking at the room, obviously cannot be due 
to a simple additon of vestibular plus optokinetic 


stimuli. Rather, to originate a signal that would be 
appropeimte to make the necessary compensatory 
eye mc*ements requires computation of the infor- 
matior zarried by different sensors. The depression 
of the =sponse could be due to a defect in the op- 
tokineéz mechanisms. However, if such a deficien- 
cy exis, it does not show with the classic op- 
tokinetizal drum test, since of 14 cases with either 
unilatese] or a bilateral depression of optovestibular 
nystagw as, in only one was the optokinetic test ab- 
norma. (Fig. 6). On the other hand, of the 12 pa- 
tients who showed optokinetic test abnormalities 
only ox had depression of optovestibular nystag- 
mus. 


The increase in optovestibular nystagmus re- 
sponses occurred in few cases, only to one side. 
Maybe: these cases there was a true summation of 
optokimecic and vestibular stimuli due to a malfunc- 
tion of- ke coordination mechanism. 






With -he battery of tests performed, most pa- 
tients #.owed multiple findings, the most common 
combirazion being eye tracking ataxia with ves- 
tibular cepression. One patient had only postural 
nystags:as of the “benign paroxysmal” type, and 
thus the diagnosis could not have been made based 
on the 2eurotological examination alone. In one pa- 
tient, rw abnormality was found. We could not con- 
+ importance of micrography in VBI in this 






376 CORVERA ET AL 


CONCLUSION 


With the tesing procedure carried out in this 
group of patierts, it was possible to detect abnor- 
malities in the westibular oculomotor compensatory 
mechanisms thet could explain vertigo in 41 out of 


42 patients. We were not able, however, to identify 
a pattern characteristic of vertebrobasilar insuffi- 
ciency. The findings were too variable. Perhaps this 
was to be expected of a disease that causes many dif- 
ferent and widespread lesions both at labyrinthine 
and neurological levels. 
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CHARACTERISTICS OF CAPILLARY PERMEABILITY IN 
NASAL MUCOSA 
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The transendothelial passage of horseradish peroxidase (HRP) and colleida carbon and diffusion of HRP in pericapillary space, in- 
jected intravenously into rats, was studied at the light microscopic and ultrastrwztural level in the nasal mucosa. In the lamina propria of 
the mucosa in the middle third of the nasal septum of rats, the capillaries direct!y xeneath the epithelium were mostly with fenestrae, while 
the capillaries around the nasal gland were without the fenestrae. The perrmest ity of the capillaries in the lamina propria of the nasal 
mucosa was very high and some of the endothelial cells were wide open, like äver sinusoid, allowing free passage of carbon particles. 
Marked transendothelial passage was also noted at ten seconds after HRP infusice through the capillaries without fenestrae located around 
the nasal gland. On the other hand, no extracapillary leakage of HRP was nom: even at 150 seconds after its infusion in the capillaries 
without fenestrae located in the muscles. The permeability of small venules lcested in the lamina propria of nasal mucosa also was ex- 
tremely high. The reasons for the greater permeation of HRP through capillaries:f nasal mucosa are as follows. First, the endothelial cell 
junction was loose in the nasal mucosa and in some capillaries endothelium had «oles like liver sinusoid. Seconc, interstitium surrounding 
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the capillary was loose in nasal mucosa. 


The blood vessels of the nasal respiratory mucosa 
play an important role in both thermal regulation 
and humidification of inhaled air and in the control 
of the lumen of nasal passages. It is most important 
to investigate permeability of nasal capillaries, tak- 
ing nasal function into account. 


Regional variations in the permeability of blood 
capillaries are already known.' The permeability 
increases in the order of capillaries of extremi- 
ties< intestinal capillaries<liver sinusoids, but 
studies on the permeability of nasal capillaries are 
still scanty. 


Physiological studies have clarified that the capil- 
lary wall of muscles behaved as though it possessed 
a set each of large'? and small pores.? Two com- 
ponents of the capillary endothelium are the candi- 
dates for the morphologic counterparts of the pores, 
the abundant small cytoplasmic vesicles (~ 500A) 
and the junctions among endothelial cells (~90A).*’ 
Data available for the intestinal capillaries with 
fenestrae are more limited. The diameter of their 
small pores is estimated at ~ L1QA."* 


Electron microscopic studies have shown that the 
structure of blood capillaries varies from region to 
region.” The morphological characteristics of nasal 
capillaries consist of the fenestrae of endothelium 
and the pores of the basement membranes which are 
apparently responsible for a reduced permeability 
barrier.'° 


In the present report, horseradish peroxidase 
(HRP) and colloidal carbon were used as tracers to 
investigate the permeability of nasal vessels. 


meee eei rent ratte, 


METHODS 


Uncer anesthesia with ether, male rats of Wistar strain, each 
weighir 180-200 gm, were subjected to intravenous injection of 
HRP (Sma Type VI, diameter ~50A) and colloidal carbon 
(Pelikar ak diameter 230-480 Å ) via the tail vein in doses of 1 ml 
saline comtaining 8 mg of peroxidase or 1.5 ml of colloidal carbon. 
The trecers were injected over ten seconds. At different times 
after ife tracers were injected (Table 1), the animals were 
sacrifices by decapitation. Tissue specimens were taken from the 
middle sird of the nasal septum mucosa, intestinal mucosa and 
femoral muscle. 


Expe--ments with HRP Tracer. The blocks were fixed for one 
hour at -C in a formaldehyde-glutaraldehyde fixative. The 
tissue bk-=ks were then washed for three times in 0.1 M cacodylate 
buffer w th pH 7.3 at 4 C and subsequently sectioned into 40 y 
slices w ® a Sorvall TC-2 tissue sectioner. These slices were in- 
cubatec for one hour at room temperature in the modified 
Graham Karnovsky medium" (0.05 M TRIS-HCI buffer, pH 7.6, 
10 ml. ssataining 0.002% H,O, and & mg of 3-3 diaminoben- 
zidine teaahydrochloride [DAB]), then washed three times in 0.1 
M caced.iate buffer, and postfixed for 40 minutes in 2% O,O, 
and en -edded in Epon® 812. Ultrathin cross sections were 
prepare: with a microtome (Poter-Blum MT-2) and stained with 
uranvl acetate and lead. To compare with endogenous perox- 
idase, th. nasal mucosa of rats not injected with HRP was stained 
by the EAB method. 


Experenents with Colloidal Carbon Tracer. Tissue specimens 
were fixes for two hours at 4C temperature in 2% glutaraldehyde 
fixative £. 1 M cacodylate buffer, pH 7.3), washed overnight in 
0.1 M caxedvlate buffer with pH 7.3, at 4 C, and postfixed for 90 


minutes. a 2% O.0,. 








i. INTERVALS AND NUMBER OF ANIMALS USED 


Intervals Total 
10 60 90 150 3 15 No. 
sec sec sec sec min min Animals 


5 2 l 2 2 2 14 








l 3 1 2 7 
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Fig. 1. Light microscopic observation of the mucosa of the nasal septum collected at ten seconds after the start of infu- 


sion of HRP ind-cates that HRP had already passed through the blood vessels and filled the lamina propria of the mucosa. 


(x800) 


Fig. 2. A) Lamina propria of the mucosa around the small venules was filled with HRP at ten seconds after the infusion. 
HRP could diffusely perfuse through the endothelial cells of the small venule (white arrow). e - Erythrocyte: L - Lumen of 


the small venale; E - Endothelial cell. (x4000) B) Endogenous 
erythrocytes, The structure of lamina propria of the mucosa o 


RESULTS 


The light microscopic inspection of the mucosa of 
the nasal septum collected at ten seconds after the 
start of infusion of HRP through the tail vein (Fig. 
1) indicated that the HRP tracer had already passed 
through the blocd vessels and filled the lamina pro- 
pria of the mucosa by the time of the inspection and 
that it also filled the surroundings of nasal gland 
and was noted in the intercellular space among the 


acinar cells. 


By the electron microscopic inspection, the per- 
meability of the-small venules in the mucosa of nas- 
al septum was so high that, as indicated in Figure 
2A, lamina propria of the mucosa around the small 
venules was filled with HRP as early as ten seconds 
after the start of infusion. The structure of lamina 
propria of the mucosa of the nasal septum was 
found to be very loose, as indicated in Figure 2B, so 
that HRP which passed through the blood vessels 
could easily reach the subepithelium. In some re- 
gions, HRP could perfuse diffusely through the en- 
dothelial cells of the small venule (Fig. 2A, white 
arrow), while endogenous peroxidase was not de- 
tected in the endothelial cells and interstitial tissues 
except in erythocytes (Fig. 2B). In comparison with 
that of the small venules in the smooth muscles of 
intestinal tracts, the permeability of the small ven- 
ules in the nasa: raucosa with diameters of similar 
size was found to be extremely high. In other 
words, no extracapillary leakage could be noted in 
the small venules of the intestinal tracts at ten 


peroxidase activity was not found in nasal mucosa except in 
the nasal septum was found to be verv loose. (x2000} 


seconds after the infusion (Fig. 3). The fenestrated 
capillaries were found directly beneath the nasal 
epithelium. The passage of HRP from the fenestrae 
could be readily noted. 


Comparison was made between the fenestrated 
capillaries (Fig. 4) of the intestinal tracts and those 
of the nasal mucosa. As early as ten seconds after its 
infusion, HRP could be noted extracapillarily, but the 
permeability of HRP in the intestinal mucosa was 
much less than that of the nasal mucosa. 


All capillaries existing around the nasal gland 
were found to be of the type without fenestrae (Figs. 
5 and 6). In the capillaries of smooth muscles in the 
intestinal tracts without fenestrae (Fig. 12) or in the 
capillaries of femoral muscles (Fig. 13), HRP could 
not be noted in the extracapillary space at 90 sec- 
onds or 150 seconds after its infusion, but in the 
capillaries around the nasal gland, marked extra- 
capillary passage could be noted at ten seconds after 
its infusion. The uptake of HRP into the pinocytotic 
vesicles of endothelial cells was extensive in the cap- 
illaries existing around the nasal gland. The elec- 
tron densities in both the vesicles on the inner side of 
the capillary wall (Fig. 5, arrow a) and on the outer 
side of the capillary wall (Fig. 5, arrow c) were 
high, but the electron density at the middle point 
(arrow b) was low. Therefore, the HRP shown with 
the arrow c can be assumed to be based on the in- 
take of HRP from outside the vessels. Consequently, 
luminal HRP would pass through toward the extra- 
capillary space in the route of arrow A or arrow B in 
Figure 5 at ten seconds after its infusion. HRP 
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Fig. 3. In the small venule in the smooth 
wee of intestinal tracts, no extracapillary 
leakage could be noted at ten seconds after 
the infusion. L- L umen of the small venule; 
E - Endothelial cell. (x5000) 


Fig. 4. At ten seconds after infusion, HRP 
could be noted extracapillarily in the in- 
testinal mucosa. But the permeability. of 
HRP in the intestinal mucosa was much less 
than that of the nasal mucosa. L - Lumen of 
the capillary: e - Erythrocyte: E - Endo- 
thelial cell. (x5000) 









which perfused through the intercellulary space of A pattern of greater permeation of venules exist- 
acinar cells toward the glandular lumen was not ing relatively deep in the mucosa and consequent 
emitted into it due to inhibition by the tight junc- free e=tracapillary leakage through the intercellular 
tion (Fig. 6, arrows). space could be obtained (Fig. 7). 


AG ee 





Fig. 5. The capillary existmg around the nasal gland was found to be of the type 
without fenestrae. Marked extræapillary passage could be noted at ten seconds after infu- 
sion. The electron densities in teeth the vesicles on the inner side of the capillary wall (a) 
and on the outer side of the capi’. ary wall (c) were high, but the electron density at middle 
point (b) was low. Therefore, it can be assumed likely that HRP could possibly pass 
through the parts other than the route of a — b — c. The route of extracapillary permea- 
tion is deemed to be either A orB. E - Endothelial cell; P - Pericyte; L - Lumen. (x4000) 


Fig. 6. HRP which perfu: 
toward the glandular lumen (/) 
tion (arrows). (x6000) 









d through the intercellulary a ra of acinar cells (AC) 
vas not emitted into it due to inhibition by the tight junc- 









Fig. 7. A pattern of high permeation of venule existing relatively deep in the mucosa 
(arrow) at ten seconds after infasion. L - Lumen of venule. (5000y 
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Fig. 8. At 15 minutes after infusion of colloidal carbon. No colloidal c 
capillary. e - Ervthrocyte; E - Endothelial cell: P - Pe 
Fig. 9. At 15 minutes 


arbon passed through the endothelial cells of the 
ricvte; B - Basement membrane. (x6000) 
- Carbon. (x20;000) 


after infusion of colloidal carbon. The carbon particles were larger than the fenestrae (arrows). C 


Fig. 10. A: 99 seconds after infusion of colloidal carbon. The interce 
wide open (arrows). e - Erythrocyte: B - Basement me 


at 


lular space among the endothe 
mbrane; C - Carbon. (x24,000) 
Fig. 11. At £0 seconds after infusion of colloidal carbon. The endothelial e 
venule, and the 


carbon particles (C) were noted to be ab! 
(x30 000; 


ells (E) were widely spread in the small 
le to reach freely the basement membrane (BY. M - Smooth muscle. 


lial cells (E) was 
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Fig. 12. In the capillary of smooth muscles (M) in the intestinal traces 
space at 90 seconds after infusion. L - Capillary lumen. (x3000) 


HRP could not be noted in the extracapillary 





Fig. 13. In the capillary of femoral muscles, HRP could not be noted sa the extracapillary space at 150 seconds after in- 


fusion. P - Pinocytotic vesicle. (x7000) 


When colloidal carbon was used as the tracer, it 
did not pass through the basement membrane of the 
capillary even 15 minutes after its infusion (Fig. 8). 
The carbon particles were larger than the fenestrae 
and therefore their passage was deemed unlikely 
(Fig. 9). Careful observation indicated that the in- 
tercellular space among the endothelial cells was 
wide open (Fig. 10, arrow), like liver sinusoid,’ and 
free passage of the carbon particles out of the blood 
vessels was observed. The carbon particles could not 
pass through the basement membrane and were 
pooled in the space between the endothelial cells 
and the basement membrane. The endothelial cells 
were also widely spread in the small venules, and 
the carbon particles were noted to be able to reach 
the basement membrane freely in some regions 
(Fig. 11). 


DISCUSSION 


Variations in the permeability of blood capil- 
laries regionally have been reported by Mayerson et 
al.! Karnovsky* also reported that the regional dif- 
ferences were caused by not only the differences in 
the rates of passage across the endothelium, but also 
many other factors such as differences in capillary 
population density per unit volume of tissue, rela- 
tive proportion of capillaries which are open and 
perfused, differences in the rates of lymph drain- 
age, etc. 


The present investigation concerned the blood 
capillaries and small venules of the nasal septum 
mucosa in rats. Much HRP was found to leave the 
plasma rapidly and to reach the pericapillary spaces 
in nasal mucosa ten seconds postinjection. Simion- 
escu et al® reported that since arrest of the blood 
flow by the fixative required ~ 25 seconds, the mi- 
crographs of the specimens demonstrated the situa- 
tion in the endothelium 25 seconds after decapita- 
tion; so our findings might have represented the sit- 
uation 35 seconds postinjection. The fact that even 
at 35 seconds after infusion of HRP large amounts of 
reaction products of HRP could be detected in the 


pericap:l.ary space would mean that the vascular 
permea»lity of the mucosa of nasal septum was 
higher taan that of the other organs. In the mucosa 
of the irtestinal tracts having fenestrae, the passage 
of HRP was much less than in the nasal mucosa, as 
illustrated in Figure 4. In the capillaries of femoral 
muscle without fenestrae, the reaction products 
could mat be detected at all in the pericapillary 
space, ewen at 150 seconds after the infusion (Fig 
13). 








SS 


The seasons for the greater permeation of HRP 
throug? 2apillaries of nasal mucosa would be iden- 
tified a the following. First, it was found that the 
endothelial cell junction was loose in the nasal mu- 
cosa are that there were some regions in the nasal 
mucosa where endothelial cells were wide open like 
liver siz usoid. Whether the discontinuous portions 
of the «adothelium were the cell junctions or the 
holes iz the endothelial cells could not be firmly 
conciucec, but the carbon particles could freely 
pass thacugh the wide open parts of the endothelial 
cells. The carbon particles could not pass through 
the basement membrane.*® But it would be con- 
sidered fiat a large quantity of HRP would diffuse 
into the pericapillary tissues from such parts. The 
endothelial cell junctions located relatively deep in 
the verules were also loose and the intercellular 
clefts være also filled with HRP (Fig. 7). Second, it 
can be-sonsidered that the interstitium surrounding 
the capillaries was loose in the nasal mucosa (Fig. 
2B). [i “ke tissues around the capillaries were loose, 
HRP wich passed through capillaries could possi- 
bly difase into the surrounding tissues within a 
short period of time. The structure of the interstiti- 
um in @ve mucosa of the intestinal tract was firmer 
than in the lamina propria of nasal mucosa (Fig. 4), 
and therefore the diffusion of HRP which passed 
through . the capillaries was inhibited. In the case of 
eis of the central nervous system, where 
capilla permeability is very low, the processes of 
glial ce is attach themselves closely to the outer sur- 
face of tne capillary basement membrane. >" 
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Cotran and Karnovsky'* found that HRP caused 
increased vascular permeability in rats and guinea 
pigs but not in mice. When HRP (Sigma type II) 
was injected intravenously in a dose of 20 mg/100 
gm body weight in rats, the animals developed the 
typical syndrome of systemic mast cell damage and 
vascular injury that can be induced by other known 
histamine liberators. However, Vegge and Haye" 
detected no increase in vascular leakage in guinea 
pig by using the dosage of HRP which we often used 
in permeability studies. Cotran and Karnovsky 
pointed out in their report that there would be no 
influence of HEP infusion upon vascular permeabil- 
ity unless several minutes elapse after its infusion. 
However, our experiment indicated passage of a 
large quantity of HRP through capillaries at as ear- 
ly as ten seconds after HRP infusion, Therefore, the 
passage of HRP would be deemed to have been pri- 
or to the manifestation of the influences of HRP 
upon the permeability of capillaries. The authors 
observed that the reaction products of HRP filled 
the small part of endothelial cytoplasm in small 


venules and capillaries. It might be considered that 
the cell membrane of the epithelial cell was dam- 
aged by highly concentrated HRP not only in the 
capillary but also in the pericapillary space where 
HRP had already permeated out of capillaries. In 
the capillaries or venules of the other organs, no or 
negligible leakage was noted at ten seconds after 
HRP infusion. Taking this into consideration, a 
higher permeability of capillaries of nasal mucosa 
than that of the other organs would seem 
reasonable even though the vascular permeability 
was elevated by HRP. 


Jackson and Burson” reported that the nasal 
mucosa was approximately ten times as permeable 
to the pertechnetate ion as middle ear mucosa. 
Nasal mucosa was also permeable to protein, even 
in the absence of inflammatory mediator, with the 
physiological technique employed. It was also 
verified morphologically by our present experiment 


that the vascular permeability of nasal mucosa is 
high. 
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Dr. Sharad Parulekar: Septic osteoradionecrosis 
of the mandible (SORM) is essentially an osteo- 
myelitis of irradiated bone. The term defines an 
often devastating, and an inexorably progressive, 
seemingly irreversible complication in the radio- 
therapeutic management of malignant tumors of 
the head and neck. Osteoradionecromyelitis of the 
mandible is suggested as an alternative term. 


Irradiation of the bone leads to characteristic 
dose-related permanent bone changes which have 
been variously termed radiation osteitis, radiation 
osteodysplasia, osteonecrosis due to radiation, 
radiation necrosis of bone and osteoradionecrosis 
(ORM). Specifically, the osteoclastic and osteo- 
blastic function of the periosteum and marrow 
spaces are adversely affected and the blood vessels 
become occluded by thrombosis and proliferating 
fibrosis. Hence, osteoradioatrophy would perhaps 
be the more appropriate term with aseptic ORM 
denoting a more advanced pathology. Infection is 
characteristically absent in both these conditions. 
Infection of the bone leads to SORM. 


The mandible, because of its superficial location, 
its compromised blood supply, its intimate relation 
to the teeth, and dependent sump area of the 
mouth, and its proximity to both the tumor and the 
line of resection or mandibulotomy poses special 
problems. In addition, radiation causes distinct 
separate deleterious effects on the skin, teeth, 
mucosa, and salivary glands all of which separately 
and together contribute to the total outcome. 


Howland et al’ studied radiation changes in the 
shoulder and radiographically demonstrated 
atrophic bone changes which were dose-related. 
There were little or no signs of atrophy with 
megavoltage or telecobalt radiation with doses up 
to 4,500 rads given over five weeks. Dosage sched- 
ules between 6,000-8,000 rads increased the inci- 
dence and severity of atrophic changes. Bedvineck 
et al? found that with radiation of the mandible at 
dosage levels below 6,000 rads, there was no in- 
stance of spontaneous osteonecrosis. The incidence 





D 


was 1.£% between 6,000-7,00C rads delivered at 
levels @ 1,000 rads weekly. Above 7,000 rads, the 
incidenze rose to 9% . The incidence is higher if the 
primary tumor is overlying or adjacent to the bone. 
This is probably because radiation eradication of 
the tumor results in a more fragile and atrophic 
mucosa readily susceptible to traumatic break- 
down. suttenberg’ found that only the introduc- 
tion of microorganisms in the radioatrophic bone 
activates the seemingly irreversible course and he 
propcse:i the terms SORM and aseptic ORM. He be- 
lievec thet devitalization of the bone is the primary 
conditicaz, and in an aseptic environment is symp- 
tomless. This same condition in a septic situation is 
manifesced by pain and distress. The susceptibility 
to devel»pment of ORM is present anytime from a 
few weeks after radiotherapy and persists for life.‘ 


Several studies done on the health of the teeth re- 
veal am intimate relation to the pathogenesis of 
SORM. Frank and associates’ noted that the dental 
defects securred whether the teeth were inside or 
outsice -be field of radiation and that the common 
factor ia the development of caries was the inclu- 
sion of tae major salivary glands in the field of 
radiation. Radiation of the teeth and jaws without 
inclusies of the salivary glands did not lead to den- 
tal patkclogy. Irradiation of the salivary glands 
reduces he normal salivary flow and lessens its pro- 
tection 3 the teeth by cleansing, lubricating and 
antibacterial action. The saliva becomes scanty and 
viscid — an excellent substrate for cariogenic bac- 
terial g-owth. This bacteria-lacen material coats 
the teeta. thus increasing their susceptibility to 
caries. “he preradiation conditicn of the teeth, the 
degree ef dietary alteration, the severity of xero- 
stomia, and the ability to maintain oral hygiene are 
important factors which determine the postradia- 
tion integrity of the dentition or possible subsequent 
SORM.* At the M. D. Anderson Hospital, Houston, 
a policy 9! elective extraction of teeth in poor condi- 
tion was followed from 1966 to 1969. Subsequently, 
the policy was changed to one of vigorous conserva- 
tion with diligent oral hygiene, restorative dental 
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Fig. .. Diagrammatic representation of the pathogenesis 
of ostecradionecromyelitis. 


procedures and daily fluoride application. The 
studies indicated a total incidence of osteonecrosis 
of 14% of 381 patients, the majority occurring 
within tnree years of radiation with a peax in- 
cidence im the first year. In addition it was found 
that the incidence of osteonecrosis dropped from 
19.7% during the period of elective dental extrac- 
tion to 7 9% during the period of dental conserva- 
tion. Bedvineck and associates? concluded that 
preradiarion elective extraction did not allow time 
for complete healing of the extraction site. They 
further concluded that sharp spicules at the extrac- 
tion site may later break through the atrophic mu- 
cosa and produce bony exposure. 


The v:tality and resistance to injury of the oral 
mucosa end gingiva remains impaired. The patient 
has a mucositis and this discourages adequate oral 
hygiene dredisposing to a worsening of the infec- 
tion. Pressure from a denture may destroy the in- 
tegrity of the gingiva and expose the underlying 
bone. The pathogenesis of SORM is summarized in 
the diagram (Fig. 1). 


A severe deep boring pain in the mandible is 
usually present for many weeks and leads to facial 
swelling and increasing trismus. A subcutaneous 
abscess cevelops and in its wake there follows a 
draining sinus which is usually foul-smelling and 
persistent. The subsequent loss of skin and mucosa 
results in denudation of the mandible. Sequestra- 
tion of the mandible is gradual along with the 
spread of infection to the facial spaces producing a 
deep cellulitis. IZ untreated, the symptoms worsen, 
the patient’s condition deteriorates and the prog- 
nosis is por. 


It is obvious from the previous discussion that an 
early eva uation by the dental service is essential in 
the diagaostie workup of any patient with a 
suspected caneerous lesion of the head and neck. 
This beccmes even more important with tumors in 
the vicinity of tke mandible and/or when manage- 
ment inchides surgery involving the mandible plus 
radiotherapy. All obviously carious teeth with 
periodontal infection should be extracted, but 
vigorous conservation should be practiced with the 


salvageable teeth. These measures should be started 
in the pretreatment period and continued during 
radiotherapy (RT) and indefinitely thereafter. 


The occurrence of pain, tenderness, redness and 
brawny edema or fluctuation over the mandible 
along with hyperpyrexia, prostration and polymor- 
phonucleocytosis should alert the doctor of the oc- 
currence of a septic complication. Conventional 
and panorex x-ray views of the mandible should be 
obtained. If an abscess or draining sinus is formed, 
Gram stain, aerobic and anaerobic cultures, and 
blood culture should be obtained. Empiric in- 
travenous high dosage penicillin therapy should be 
started and this should be either changed to or sup- 
plemented with the appropriate antibiotics when 
the bacteriology reports become available. Metic- 
ulous mouth care including irrigation of the sinus 
tracts and tissues over the exposed mandible is 
essential. Appropriate remedial measures to correct 
the patient’s anemia or impaired nutritional status 
should be instituted. Radical surgical procedures 
such as sequestrectomy may be necessary and may 
even need repetition, but these lead to disfigure- 
ment and dysfunction. A variety of surgical pro- 
cedures may be required for optimum reconstruc- 
tion of the surgical defect and each case needs in- 
dividualization. If either necrosis of skin or fistula 
formation has occurred, local and distant flaps may 
be used. Appropriate bone grafts with internal fixa- 
tion may also become necessary. 


In certain centers, hyperbaric oxygen has been 
used successfully as an adjunct to the combined use 
of appropriate medical and surgical management.” ? 
It is reported that the symptoms were relieved after 
14 days and the sequestra were well demarcated by 
a bed of vascular granulation tissue. Hyperbaric ox- 
ygenation by the inhalation of oxygen under tension 
multiplies the alveolar oxygen content several fold 
and with it the tissue oxygen pressure, even if the 
tissues are compromised by fibrosis, infection or 
sclerotic bone. This is of particular importance in 
the mandible which is supplied by end-arteries and 
lacks the blood supply of the upper jaw. A tissue ox- 
ygen pressure of 20-30 mm Hg is optimal to stimu- 
late the fibroblastic and collagen proliferation 
necessary to promote structural support for the bud- 
ding and arcading capillaries. Raising the oxygen 
pressure to 30 mm Hg in hypoxic wounds further in- 
creases the leukocyte microbial killing property and 
simultaneously inhibits the growth of many patho- 
genic bacteria. The average treatment lasted 45 
days. Twenty minutes oxygen was alternated with 
five minutes of air inhalation to give a daily total of 
90 minutes oxygen at 2.4 atmospheric pressure.’ 


I wish to present the following case history: A 
70-year-old male, six years earlier, had a T.N,Mo 
moderately differentiated squamous cell carcinoma 
of the left tonsil for which he underwent a com- 
posite resection. In December 1977 he developed a 
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Fig. 2. Orocutaneous fistula with exposed mandible A) 


and scarred indurated skin (B). Insert) Excised mandibular 


sequestrum (P), involved skin (Q) and fistula (R). 


recurrence and underwent a full course of RT and 
received 7,000 rads. Eight months later a dental 
plate was provided. After wearing the denture for 
two months he developed pain, odynophagia, 
swelling, tenderness and hypermia over the left chin 
region. He subsequently developed intraoral ex- 
posure of the mandible over the site of resection and 
an orocutaneous fistula with constant drainage 
(Fig. 2). It was in this condition he was admitted to 
AMCH two months later (December 1978). Since 
the age of 15 years he smoked two packages of cig- 
arettes per day and was a chronic alcoholic: he ap- 
peared to have poor nutrition. His past history was 
noncontributory. The patient's general clinical con- 
dition and his otolaryngologic, laboratory and ra- 
diologic examinations were all grossly normal. His 
oral examination demonstrated ankyloglossia and 
exposed mandibular sequestrum on the left side in 
the region of the composite resection. There was a 
defect in the floor of the mouth and it communi- 
cated with the external fistula. There did not ap- 
pear to be any recurrence of tumor. The external 
examination demonstrated very hyperemic, indur- 








Fig. 3. Defect after excision of the necrotic tissue shown 
in Fig. 2 insert and showing digastric running across the 


wound (X). 








ek 


Fig. -. Reconstruction medial based 
chest cer by meshed split skin (N). 





DP flap (M) and 


ated, ficrotic and unhealthy skin surrounding the 
opening æf the fistula with foul pus draining from 
the arez The rest of the neck examination was neg- 
ative. onventional, panorex and tomographic 
x-rays = the mandible were unremarkable. The 
culture was reported as Staphylococcus coagulase 
negative aerobic, and varieties of Bacteroides and 
fusobae*ria on anaerobic cultures. Biopsies of the 
suspects. areas of the mouth and skin followed and 
were r=peated but no cancer recurrence was de- 
tected. <.queous penicillin G intravenous therapy 
(2.4 m Tkon units) q4h and intense hydrogen perox- 
ide an= Betadine® irrigations of the mouth and 
fistula ~-ere initiated. The inflammation respond- 
ed. With the diagnosis of a SORM and a con- 
sideration of the potential hazards of operating ona 
heavil~ -adiated and infected area, the prognosis 
appea’<=d dismal. The patient was started on very 
aggres= ve nutritional therapy. On December 15 a 
media based left deltopectoral (DP) flap was 
raised after a delay of three weeks, on January 6, 
1979, . wide excision of the orocutaneous fistula 
and sex westrectomy were performed. Immediate re- 
pair vs accomplished by use of a posterior based 
tongu= ‘lap for lining and the DP flap for cover. 
The d.zastric muscle running across the wound was 
used r approximating and anchoring the tongue 
and slin flaps (Figs. 2 [insert]-4). The patient 
genera. y did very well in the postoperative period 
with th flaps remaining healthy and covering the 
manile. However, a partial separation occurred 
poste’ #rly, forming a pocket where food and debris 
collectad, setting up an infection. Antibiotic 
therazy was changed to intravenous ampicillin 1 
gm q= plus vigorous oral irrigations. On F ebruary 
17 de-2pithelialization and reapproximation of the 
-ag flaps were performed with good postoper- 
ative esults. On March 3, 1979 the patient under- 
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Fig. ©. Fine stage of DP flap transfer showing recon- 
structed and healed defect. 


went detachment of the DP flap, the remaining be- 
ing returned :o the chest (Fig. 5), and he was 
discharged a week later. He was seen after one 
month ard wa found to be free of problems (Fig. 
6). He had fainly good speech and reported that he 
will probably rever wear a denture again. 


Dr. Dominick Paonessa: In their paper on ORM 
of the mandible, Rankow and Weissman’? noted a 
10-30 % possibi ity of ORM and a 10-20% possibili- 
ty of death in a patient receiving radiation therapy 
for his head and neck cancer. The triad of SORM is 
the history consisting of: 1) radiation therapy to the 
mandible, 2) trauma to the mandible, and 3) infec- 
tion. The zadia:icn energy delivered to the mandi- 
ble as opposed to the surrounding tissue is signifi- 
cantly less toda’ using megavoltage. We do, how- 
ever, continue tə see an uncomfortable incidence of 
SORM. The raciation effect upon the bone causes 
an obliterative sclerosis of the nutrient vessels caus- 
ing impairmert of osteogenesis followed by 
osteoporosis. Trauma to the mandible is usually 
caused by tooth extraction or dentures. Infection 
becomes rampart due to the incapacity of the bone 
with its compro nised blood supply to wall off in- 
vading organisras. The result is virulent osteo- 
myelitis. 


This patient æceived his dentures about eight 
months following the termination of 7,000 rads RT. 
He rapidly devebped mucosal breakdown and in- 
fection alonz wita fistulization unresponsive to high 
doses of intraverous penicillin and good oral hv- 





Fig. 6. Picture taken in office in April, shies months 
after use of settee based lateral tongue flap (E) and also 


showing mobile tongue (F). 


giene with hydrogen peroxide and Betadine. As Dr. 
Parulekar described, a DP flap was delayed and 
definitive surgery carried out. Because the entire 
tissue bed had intense radiation changes and ap- 
peared avascular, a posteriorly based lateral tongue 
flap with its excellent blood supply was chosen. 
This flap served both as intraoral coverage and to 
bring additional blood supply to the surrounding 
tissues. This patient has done well with both speech 
and deglutition and will continue on ampicillin for 
several months. 


An important question is how long does one wait 
after the termination of radiation therapy before 
fitting a patient with dentures. This topic is open 
for comments and questions. 


Dr. Jerome Goldstein: I remember this patient 
very well. I remarked to Dr. Paonessa about the 
poor nutritional status and suggested that the rais- 
ing and delay of the DP flap would allow ample 
time for aggressive nutritional therapy and for 
cleansing and hopefully sterilizing the presenting 
infection. The DP flap would bring in a good unir- 
radiated vascular supply to the debilitated orofacial 
tissues which had suffered from the effects of radia- 
tion and infection. I agree with Dr. Parulekar about 
the sinister influence of the proximity of the man- 
dibulotomy site in the pathogenesis of ORM. We 
have at present a patient in the VA Hospital who 
three years ago had a mandibulotomy for resection 
of an intraoral lesion and subsequently had RT. He 
developed a septic ORM complicated by wire su- 
tures. Excision of a fair amount of the mandible was 
required. One has really to consider several factors 
before one embarks on combination therapy. Dr. 
Pressman, what is the dental protocol in the VA 
Hospital? 


Dr. Howard Pressman: The past several years 
have seen a general decline in the incidence of ORM 
for the following reasons: 1) Change from ortho- 
voltage to megavoltage and cobalt therapy; 2) 
greater refinement and sophistication of RT, ie, by 
shielding of the salivary glands and thereby reduc- 
tion of xerostomia; 3) advancement by the dental 
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profession in managing head and neck cancer pa- 
tients by close supervision of oral hygiene and daily 
topical fluoride application to the dentition and the 
use of soft tissue conditioners in prosthetic den- 
tistry. The protocol followed by the Dental Service 
of the Albany Veterans Hospital is as follows: 1) 
dental extraction of all teeth in the line of RT with 
thorough alveoplasty of the jaw. The extractions 
usually involve all the posterior teeth, especially the 
mandible. A good alveoplasty avoids sharp bony 
projections or spicules from later piercing the over- 
laying mucosa. 2) If the remaining dentition (usual- 
ly anterior teeth) are in poor condition, they are ex- 
tracted and a thorough alveoplasty performed. 3) If 
the remaining dentition are in good condition (rare- 
ly so), they are retained and the usual meticulous 
conservative techniques are followed. 4) The pa- 
tient’s oral hygiene, social habits and lifestyle are 
thoroughly evaluated. If there is any doubt, all 
teeth are extracted. The key is proper patient selec- 
tivity. 


The prosthetic dentistry considerations are as 
follows: 1) If the patient is adequately nourished, 
has minimal radiation mucositis, is free of recur- 
rence and has healed alveolar ridges, then dentures 
are considered approximately 6-12 months after 
completion of RT, only if the patient so desires. 2) 
The exact length of time without dentures after RT 
and the need for dentures by the patient is con- 
troversial and opinions vary in the different medical 
centers. In Hines VA Hospital, the patient is not 
permitted to wear dentures if he has had ortho- 
voltage treatment. If cobalt therapy has been used a 
minimum waiting period of one year post-RT is re- 
quired. 3) If the patient wishes to get along without 
dentures, he is encouraged to do so. 4) Soft tissue 
conditioners used as denture relining material has 
greatly reduced complications. 5) If dentures are 
prepared and used, it is imperative that the dentist 
or prosthodontist treating and following the patient 
be aware of and knowledgeable regarding SORM in 
head and neck cancer patients. 


Dr. E-nest Kopp: One often wonders about the 
need for mandibulotomy to provide access for the 
resectiomof intraoral tumors. I personally do a pull- 
through srocedure whenever possible and thereby 
avoid the risk of SORM. 


Dr. Ec ward Brandow: I feel that a pull-through 
operation is not always possible, particularly in 
some posterior oral or oropharyngeal cancers. No 
one can deny that excellent exposure is obtained by 
a manditulotomy or mandibular resection, although 
it is acecnpanied by the greater risk of sepsis. 


Dr. Nxholas Procino: I would like to emphasize 
two poiats. First, I have patients use one-half 
strength Cepacol® and one-half strength glycerine 
as moutt rinses during the period of RT and have 
found it 1elpful. Second, during the first year after 
radiatior the dryness of the mouth brings on in- 
creased ariction and thereby irritation by the den- 
tures. These patients need to be followed very close- 
ly. Some of these patients with excessive atrophy of 
the mandibular ridges may be far better off staying 
permanently without dentures. 


Dr. Sharard Parulekar: I must thank the discuss- 
ers for their comments which are well appreciated. 
The patint’s management proved very interesting 
and instmuctive. 


To cozuelude then: 


1. Prevent SORM, if possible. 

2. Mantain a high index of suspicion. 

3. If prevention is not possible, start antibiotics 
immedizely while obtaining cultures. 

4, Stact irrigations, mouth washes and debride- 
ment. 

5. Mantain nutrition and hydration and treat 
anemia. 

6. Use the indicated surgical procedures. 

7. Coasider referring the patient for hyperbaric 
oxygenation. 
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Dear Editor: 


I enjoyed the a-ticle by Herzon and Murphy’ discussing the 
ultrastructure of cida in Kartagener’s syndrome. I wish, however, 
to disagree politely with their interpretation of the ultrastructure 
of the cilia shown n Figure 3. 


According to Bleom and Fawcett,’ two different types of cilia 
can be characterzed, those possessing isochronal and those 
possessing metachrnal activity (beat). Isochronal activity implies 
that the cilia all beat together in random fashion. An example of 
this might be seer in the cilia of the olfactory epithelium. In 
metachronal activey on the other hand, successive cilia in each 
row start their beat in sequence so that each is slightly more ad- 
vanced in the cycl+ than the preceding one. This sequential ac- 
tivation of cilia reselts in the formation of waves that sweep slow- 
ly over the surfac of the epithelium as a whole, regular in 
periodicity and constant in direction. The effect of this coor- 
dinated activity © metachronal beats is to move or propel 
material (a blanket of mucus) slowly over the epithelium, as op- 
posed to isochrona. beats which randomly “stir the pot.” 


Cilia which pos=ss metachronal activity can be identified by 
the parallel erientzion of the lines drawn between the centers of 
the two central fibers tubules) .* The direction of the effective and 
recovery beats is n the axis of this line. In cilia beating in 
isochronal fashion, on the other hand, these lines are randomly 
oriented. This secend situation would seem to be the case in 
Figure 3 of Herzon and Murphy’s article. Obviously, however, 
additional sections would have to be screened to see if this ran- 


dom, isochrenal o-ientation were a constant finding before a. 


definitive statemert could be made. If this were the case, 
however, then poss-bly the basic defect in Kartagener’s syndrome 
is an ineffective clearance of the mucus blanket with resultant 
stasis, suppuration, scar formation and further interference with 
clearing. Addition work in this area is clearly essential. 
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Sincerely yours, 
Bruce W. Jafek, MD, FACS 
Mark Lovell, MS 

University of Colorado Medical Center 

Denver, Colerado 


Dear Editor: 


I would first like +o thank Dr. Jafek and Mr. Lovell for their in- 
terest in my article and respond in two ways: first, with an addi- 
tional microphotog-aph (Fig. 1) showing a larger cluster of cilia 
from the patient presented in which all the central tubules except 
one are oriented ina more parallel fashion. 


Second and more importantly, is an examination of their im- 
plication that the morphology of cilia, specifically with regard to 
the orientation of the central tubules, is a prime determiner of 
chronicity (beat). Cr. Jafek has made the assumption that because 
there is not a paral! relationship between the central tubules of 
the cilia presented that they may represent cilia which beat in 
isochronal fashion. An examination of the available literature 
would not seem to dear out that conclusion. 


One must examiae carefully the difference between direction 
and chronicity (beet). There seems to be clear evidence that the 
orientation of the central tubules does govern direction. However, 
the available evideace would seem to indicate that beat is con- 
trolled by such thiags as ATP concentrations, temperature and 
changes in the number of dynein arms present. ' 


Additionally, a eoser look at the significance of the rotation of 
the central tubules s in order. Although rotation from 5 to 25° is 
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Fig. 1. 


given as the normal variance allowed among central tubules,? it 
would appear that there is some question as to the significance of 
this rotation and its normal variability. Satir’ in his examination 
of the metachronal wave has found central tubules with rotations 
of up to 90° relevant to one another. Omoto and Kung* have 
shown that the central tubules of paramesium may rotate up to 
360°. Depending upon the state in which the tubules are fixed, 
there would appear to be a greater normal variation of this orien- 
tation than previously implied. 


So, I will stand by my original statement that the morphologic 
ultrastructure of the cilia in the presented patient is normal, and 
would agree with Dr. Jafek and Mr. Lovell that further research 
in this area is necessary. 
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Sincerely, 

FRED S. HERZON, MD 
University of New Mexico 
Albuquerque, New Mexico 


BOOK REVIEWS 


Oculoplastic Surgery 


By Charles E. Iliff, W. Jackson Iliff, and Nicholas T. Iliff. 
Hard cover, black and white illustrations, color illustrations, 
348 pp, 1979. W. B. Saunders Company, Philadelphia. 
Price $110.00. 


This volume is not simply a compendium of ophthalmic plastic 
surgery; rather it represents 30 years of Charles Iliffs creativity 
and personal experiences. Dr. Iliff has long been recognized as a 
master surgeon whose comprehension of this subject is so 
thorough that he has been able to distill the essence of a problem, 
reduce it to its simplest dimension, and resolve it in the simplest 
fashion. For many years the Iliff ptosis technique, for example, 
was widely recognized as a rapid and simple means for correcting 
ptosis. In this volume, we see the same approach applied to a 
great variety of oculoplastic problems. Due to his current associa- 
tion with his two sons, the viewpoints of the younger surgeon are 
added. The drawings by Leon Schlossberg are superb. Many of 
the photographs, before and after surgery as well at those taken 
during surgery, are of excellent quality, but unfortunately a 
number of poorly focused or exposed photos are scattered in with 
the excellent ones. 


Of particular interest to the otolaryngologist will be the chap- 
ters dealing with management of thyroid eye disease, including 
lid retraction and orbital decompression from the lateral 
(Kronlein) plus inferior approach, mucoceles, tumors of ocular 
adnexae, and lacrimal tract surgery. The chapter on 
blepharoplasty may be worth reviewing, although the scope of 
techniques presented is quite limited. 


The first chapter deals with the basics of oculoplastic surgery, 
particularly the characteristics of lid structures which differ from 
tissues of other parts of the body. 


The ptosis chapter presents a simple, yet very functional 
anatomical review followed by a discussion of ptosis classification 
and surgical approaches. Complicated forms of ptosis are de- 
scribed and methods of modifying the appropriate surgery are 
clearly outlined. The section relating the amount of ptosis to the 
amount of correction required will be particularly helpful to the 
novice or to the occasional oculoplastic surgeon. The actual 
surgical approaches are well illustrated. The frontalis suspension 
operation is described using a standard technique. The authors 
present in great detail their favored levator aponeurosis-Mueller’s 
muscle block resection. 


The excellent chapter on thyroid disease describes techniques 
for reducing lid retraction as well as techniques for decompressing 
the orbit using a lateral orbitotomy together with removal of the 
orbital floor. It is claimed that this approach is as effective, with 
less morbidity, than the Ogura antral-ethmoid decompression. 


Standard approaches to lacrimal surgery are shown. The sec- 
tion on preoperative diagnosis is sparse, with inadequate atten- 
tion to the dye tests and other diagnostic entities. The use of a 
catheter, one of Dr. Iliff's favored techniques for assuring patency 
of the osteotomy, is nicely shown. Little attention is given to the 
use of Pyrex® tubes (Jones) or canalicular intubation with silicone 
tubing for lacerations or obstruction of canaliculi. 


The section dealing with tumors of ocular adnexae is highly 
recommended. The illustrations are superb and very educational. 
The chapter on congenital defects is good, dealing mainly with 
the minor problems. It totally omits the approach popularized by 
Tessier, which is for more radical and serious congenital 
anomalies. The oculoplastic surgeon should certainly have an 
understanding of these entities and the most contemporary ap- 
proach. 


In brief, this work is an excellent text if one keeps in mind that 
it presents the unique Iliff experience. The book is marred by 
some significant omissions for those looking for a complete text- 
book. Whether the cost of the book, because of the use of color 
plates, is warranted, will have to be decided by the purchaser. 


BERND SILVER, MD 
St. Louis, Mo. 
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Paediatric -*tplaryngology 


By J. F. #rrell. Hard cover, black and white illustrations, in- 
dexed referenced, 216 pages, 1978. Yearbook Medical Pub- 


lishers, Chicago. 


In this rædest volume the author has compiled a rather com- 
plete list o the more common and some of the less common head 
and neck ciserders of children encountered in a practice of either 
otolaryngciəgy or pediatrics. Each section is arranged anatomi- 
cally and iæroduced by an appropriate discussion of the embryol- 
ogy of thesezion. The sections are then subdivided along patho- 


ae 





logic consierations such as congenital, infectious, or traumatic. 
Thus it isese for someone unfamiliar with otolaryngology to find 
a general wypic, The text is well indexed and specific illnesses are 
easily fouss. Illustrations are used effectively. 





As the azthor suggests in his preface, one of the greatest uses of 
the materisi:in this text may be made by pediatricians. I would 
add pecia- nurses and perhaps medical students. Because of 
size limita 1s, most topics once identified are treated somewhat 
superficial~. This does not mean that some very important con- 
cepts are rctuadequately addressed. For example, the discussion of 
the indica sas and expectations of tonsillectomy and adenoidec- 
tomy is exewhent. The emphasis placed on :dentifying the hard-of- 
hearing ck#¢ early is most important and appropriate. By and 
large, however, I would hope that any otolaryngologist trained in 
the Unitec S-ates in the last 15 years would be familiar with the 
considerat»#:s discussed. Also, there are some sections, notably 
neoplasia, »#here the author does not seem to be familiar with 
newer trec*maent modalities and prognosis. 


The grestəst failing of this text is its failure to adequately 
describe rasadern management of many cf the disorders charac- 
terized. Lireioubtedly there are regional differences which may 
account far part of this. However, most literature references 
regarding “seatment in this test are at least ten years old and 
meager at west. 


This test provided insight into the nature of a notable 
otolaryngaegic practice of 30 years’ duration devoted to children. 
It certaink, sepresents the great personal experience of the author. 
As such it grovides enjoyable reading. It does not, however, prove 
to be a æerce of answers to the management of a difficult 
pediatric xt=laryngologic problem. 


RicHarc W. Basin, MD, FACS 
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Atlas of teHistopathology of Ear Tumors 


By P. G Gerlings. Hard cover, black and white illustrations, 
color iLustrations, indexed, 163 pp, 1979. University Park 
Press. Ealtimore. Price $79.50. 


In a pmewous review of this book I have commented on the 
greatly exaunced interest of otologists and pathologists in the 
patholog}.« the ear. Otologists have been masters and pioneers in 
this field ad Dr. Gerlings’s Atlas bears witness to the profound 
interest aad wide experience of a great o:ologist. 





The At-as has an autobiographical flavor of its own based on 
the rich m aterial the author has encountered and studied. His pa- 
pers on paragangliomas of the glomus jugulate were among the 
first to dr» attention to their malignant potential in certain situ- 
ations. At œuld be expected this section is particularly rich in in- 
teresting caaterial and profusely illustrated (47 of 216 illustra- 
tions). 








The Až is recommended to otologists and pathologists as a 
valuable #:.de to an important and interesting but still neglected 
region. 


I. FRIEDMANN, MD 
Middlesex, England 









XI INTERNATIONAL 
COURSE 
OF 
ADVANCES IN ENT 
November 24-26, 1980 


Catalan Society 
of 
Otorhinolaryngology 


Main Theme 


Plastic Surgery Repairs of 
Malformations and Cervico-Facial 
Oncologic Surgery 


As in previous years we are proud to count on 
the support and cooperation of a number of 
well-known experts in this field, including 
Kirchner, Kansas; Savari, Lausanne: Steel, 
Liverpool; Mielque, Gottingen; Traserra, 
ee eee Jost, Paris; De La Fuente, Madrid. 


For detailed information, please contact: The 
Secretary of the Catalan society of ORL, Dr. 
Ramon Avellaneda, catedra d’ORL, Hospital 
Clinic i Provincial, carrer Casanova n° 143, 
Barcelona 36. Add 





ELECTRONYSTAGMOGRAPHY 


Short courses for physicians, audiologists and 
technicians 


Sponsored by 
The Methodist Hospital and the Institutes of 
Otorhinolaryngology and Communicative 
Disorders, and Neurology, The Neurosensory 
Center of Houston 


December 6-8, 1980 


Two parallel three-day intensive courses in clinical 
ENG are offered. Technicians’ course stresses prac- 
tical aspects of test technique, and physicians’ course 
stresses clinical applications. Audiologists may take 
specially scheduled program which includes parts of 
both the techniques and interpretation course. 
Courses rely heavily on tutorial teaching methods te 
allow ample opportunity for supervised trial and er- 
ror learning. 


Report cf each technician trainee’s performance, in- 
cluding examination scores and an evaluation of 
technical competence, will be given the trainee anc 
employer. 


Course Instructors: Alfred C. Coats, MD and staff 


Tuition: $325. Limited enrollment. 


Address inquiries to; ENG Laboratory, The 
Methodist Hospital, 6565 Fannin, Houston, TX 77030. 
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Victoria 21 Madrid-3 (Espana). Tf. 2-34-92- 
04. 









I INTERNATIONAL COURSE 
OF 
ELECTRIC RESPONSE 
AUDIOMETRY 


Madrid, October 6-7, 1980 


Organized by the ORL Department of the 
Social Security Hospital “Clinica del 
Trabajo,” Head, Dr. F. Olaizola and spon- 
sored by the ORL-F Club. 


Pronounced by Prof. H. Sohmer, Dept. of 
Physiology, The Hebrew University- Hadassah 
Medical School, Jerusalem, and ‘Dr. Aran, 
Laboratoire D’Audiologie Expérimentale, 
Hopital Pellegrin - Bordeaux. 





Simultaneous translation English-Spanish 
Diploma 
Limited registration 


Information in the Secretariat of the above 
mentioned course; Dres. J. M. Anda y M. C. 
Tapia, Residencia Sanitaria de la Seguridad 
Social “Clinica del Trabajo,” Avda. de Reina 
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TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 
Ann Arbor, Michigan 


Malcolm D. Graham, MD, Course Director 
Oct. 13-17, 1980 and Dec. 1-5, 1980 


Commencing July, 1980, Temporal Bone Surgical Dissec- 
tion Courses will be given in new Temporal Bone Surgical 
Dissection Laboratory, Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, University of Michi- 
gan. 


These intensive one-week courses will emphasize surgical 
and anatomical approaches to temporal bone and will be 


presented in a manner relevant for the otologic surgeon, 
utilizing lectures and videotape presentations of surgical 
techniques, as well as temporal bone dissection. 


Both mornings and afternoons will be spent in the dissec- 
tion laboratory, thereby giving extensive drilling ex- 
perience in both temporal bone anatomy and surgical tech- 
niques, Lectures and demonstrations will be provided by 
members of the faculty of the Dept. of Otorhinolaryngolo- 
zy and Kresge Hearing Research Institute, thereby unique- 
i blending basic science and clinical otologic instruction. 
tt handpieces and dissection instruments will be provid- 
ed. 


FEE — $1000 for each physician 


For further information contact: Malcolm D. Graham, 
MD, Dept. of Otorhinolaryngology, Kresge Hearing 
Research Institute, University of Michigan Medical 
Center, Ann Arbor, MI 48109, (313) 764-4131 or (313) 
763-5115, A45 








International Symposium 


CLINICAL PROBLEMS IN OTITIS MEDIA 
AND INNOVATIONS IN 
SURGICAL OTOLOGY 

December 11-13, 1980 
Santiago, Chile 


State of the art presentations and workshops, with interna- 
tional authorities in otolaryngology and audiology, focus- 
ing on: 


New Concepts in Otological Surgery 
Clinical Problems in Otitis Media 


Symposium immediately follows the meetings of the 
Iberoamerican Neuro-otology Society and the Congress of 
the Panamerican Society of Otolaryngology and Broncho- 
esophagology. Features: 


Special group rates available for air travel and hotel 
accomodations. 


Planned activities for spouses. 


Designated for 21 Category I credit hours. (Nurses and 
other allied health personnel may also claim CE cred- 
it for participation.) 


Cosponsored by the University of Minnesota Department 
of Otolaryngology, Chilean Universities, the Chilean 
Medical and Otolaryngologic Associations, and Lions In- 
ternational. 


Fees: Otolaryngologists, $150; Audiologists, $75; reduced 
rates for residents and nurses. 


For further information, contact: Continuing Medical 
Education, Box 293, Mayo Memorial Building, University 
of Minnesota, 420 Delaware Street S.E., Minneapolis, MN 
55455. (612) 373-8012. Ad} 


EAR RESEARCH INSTITUTE 
in cooperation with 
University of Southern California 
announces two-week 
Temporal Bone Surgical Dissection 
Course 


Will demonstrate the multiple approaches to the structures 
of the temporal bone as currently used by members of the 
Otologic Medical Group, Inc. 


Each day the course members spend four hours in dissec- 
tion laboratory and four hours observing live color telecasts 
of surgery which correlates with the dissection of the day. 
Evenings are devoted to lectures illustrated by slides and 
motion picture demonstrations. Video tapes in color from 
the Institute's Otologic Seminar Library are available for 
study by course participants. 


Twenty-four board certified or board eligible 
otolaryngologists and residents will be accepted in each 
course. Courses will be presented in March, April, June 
and October annually. 


Advance registrations for courses in 1980 and 1981 are now 
being accepted. Tuition fee for otolaryngologists is $1,200 
and for residents $900 in United States currency. Applica- 
tions of residents must be accompanied by a letter from 
their Chief of Service. 


For further information: Antonio De La Cruz, MD, Direc- 
tor, Temporal Bone Surgical Dissection Course, Ear 
Research Institute, 256 South Lake St., Los Angeles, CA 
90057. A30 
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AUDITORY EVOKED 
POTENTIALS 


Audi ametry 
Sponsored by 
Ife Methodist Hospital and the Institutes of 
“orhinolaryngology and Communicative 
garders, and Neurology, The Neurosensory 
Center of Houston 
November 8-10, 1980 
This @#ree-day course is designed to familiarize the 
phys ian and audiologist with clinical applications 
of tke “early” auditory evoked potentials. Back- 
grow information on the “middle” and “late” 
poteacials and on cochlear potentials is also in- 
clud##. Course relies heavily on tutorials and 
“ops to familiarize the participant with in- 
went operation, response measurement and in- 
terpzætation of test results. 
Course syllabus will be distributed to each partici- 
pant aior to enrollment. 
Course Instructors: 
Alfred C. Coats, MD 
James F. Jerger, PhD 
and staff 


Tuition: $325. Limited enrollment. 


Address inquiries to: Alfred C. Coats, MD, Cochlear 
Funcom Laboratory, The Neurosensory Center of 
House«, 6501 Fannin, Houston, TX 77030 
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S=COND ANNUAL MAXILLOFACIAL 
TRAUMA WORKSHOP 


University of Texas Health Science Center 
at San Antonio, Texas 
November 7-9, 1980 


Facul y composed of nationally recognized authorities in 
otorElaryngology, oral surgery, facial plastic surgery, 
maxi facial prosthetics and associated fields. 


Featared speakers: BYRON J. BAILEY, MD, Galveston, 
Texesaznd PAUL J. DONALD, MD, Sacramento, Califor- 


nia. 


Worx:op is designed for both the practicing surgeon and 
the essident-in-training desiring in-depth education in the 
manawement of maxillofacial injuries. Lectures will stress 
an irtegrated and multi-disciplinary approach. Emphasis 
will <= placed on diagnosis and formulation of treatment 

lan # complex injuries including soft tissue repair and 
ack reduction and fixation. 


Partcipants will analyze difficult cases and faculty panels 
will <iscuss controversial topics. Laboratory exercises will 
allow participants to practice interdental wiring, tran- 
sossex_is wiring, splint fabrication and approaches to sinus 
fractiwes. 

$200; Resident-in-training, $125. 


22 Credit hours — AMA category 1, AGDA 
COPTRSE CODIRECTORS: G. RICHARD HOLT, MD 


and 
DOUGLAS E. MATTOX, MD 
Con amt: Office of Continuing Education Services, Univer- 
sity » Texas Health Science Center at San Antonio, 7703 
Floyc Curl Dr., San Antonio, TX 78284, (512) 691-7291. 
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RHINOPLASTY 
1980 


The Advanced Rhinoplasty Course 
of the 
American Academy of Facial Plastic 
and Reconstructive Surgery 








November 9-13, 1980 
Sonesta Beach Hotel and Tennis Club 
Key Biscayne, Florida 


A major symposium on the art and science of rhinoplasty, 
this biannual course focuses on state-of-the-art surgical 
techniques and long-term results, while placing special 
emphasis on problem areas and current controversies, 

Following a “workshop” approach, study groups will ro- 
tate among world-renowned faculty to analyze rhinoplasty 
problems and their management. Format of instruction in- 
cludes surgica demonstrations, panel discussions. and 
case Study videocapes—documented with long-term results, 

Participants in the course “Rhinoplasty 1980° will earn 
39 hours credit toward their continuing medical education 
requirements. 

An exciting social program, including special activicies 
for spouses and children, will round out activities. 


Members of the faculty: 


Robert L. Simons, M.D., N. Miami Beach, FL 
Course Director 

Jack R. Anderson M.D., New Orleans, LA 

G. Jan Beekhuis, M.D., Detroit, MI 

Leslie Bernstein, M.D.. Davis, CA 

Harvey Caplan, M.D., Westmount, Que., Canada 
Sidney $. Feuerstein, M.D., New York, NY 
irvin Fine, M.D.. Perth Amboy, NJ 

Frank M. Kamer, M.D., Los Angeles, CA 

E. Gaylen McCollough, M.D., Birmingham, AL 
Trent W. Smith, M.D., Columbus, OH 

M. Eugene Tardy, Jr, M.D., Chicago, IL 
Claus D. Walter, M.D., Düsseldorf, Germany 
Richard C. Webster, M.D., Brookline, MA 
Wiliam K. Wright, M.D., Houston, TX 


For registration details, write: 
Robert L. Simens, M.D. 

Director, Rhinaptasty 1980 

Suite 405 

16800 N.W. 2nd Ave. 

N. Miami Beach, FL 33169 


HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 


GRACI ME 





MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 









Qetailed information is available from — 


WR MEDICAL 


ELECTRONICS CO. 


ISR WEST COUNTY ROAD B-2 
ST PAUL, MINNESOTA 35113 
Also from WR -- 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 



















John M. Fredrickson, M.Q 
University of Toronto Medic 
foronto, Canada 

Galdino E. Valvassori, M.D. 
University of illinois MedicatS 
Chicago, Illinois ; 





San Francisco, California 
Antonio De la Cruz, M.D. 
University of Southern Calif 











‘University of Tennessee 
Memphis, Tennessee: 
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ABSTRACTS FROM NATIONAL AND INTERNATIONAL JOURNALS 


Treatment of Bell’» Palsy with Prednisone: A Prospective, 
Randomized Study 


Wolf SM. Wazner JH, 
28:158-161, 1978. 


Two hundred <hirty-nine patients with idiopathic facial 
paralysis were raneoraly distributed into prednisone-treated and 
control groups to evaluate the benefits of steroids in treatment of 
Bell's palsy. Electremvographic criteria to evaluate the degree of 
facial nerve denervation were described. Patients were evaluated 
monthly until recevery was complete, or for one vear. The 
clinical outcomes were defined as recovery of facial strength and 
development of mæor synkinesis or autonomic synkinesis. Results 
of the steroid-treaved group were superior to the nonsteroid 
treated group but vere statistically significant only for autonomic 
synkinesis. In the tetal series, recovery of facial strength was in- 
complete in 15% . Among patients who recovered completely. the 
median time to recever was two months for both steroid-treated 
and control groups. Inereased severity of the initial palsy, 
hyperacusis, and increasing age were all associated with a poor 
outcome. 


Davidson S. et al: Neurclogy 


J. Porcaro. MD 
New York, NY 


Ein Beitrag zum ogerativen Verschluss der Septumperforation 
(A Contributicn to the Closing of Perforations of the 
Nasal Septum} 


Martins M: HNC 26:183-184, 1978. 


The problem of dios-ng a perforation of the nasal cartilaginous 
septum is well-kncwr to otolaryngologists. In this article the 
author outlines his method which consists of a wide flap of 
mucoperichordriura based along the inferior margin of the per- 
foration closing the pe-foration on the one side. On the oppcsite 
side, the defect is patched by a composite retroauricular graft, 
with cartilage carefully shaped to fit the perforation. The flap has 
a good chance to suavive since it is not twisted and the cartilage of 
the composite greft offers a supportive structure for the 
mucoperichordrial flap. The author reports good, long-term 
results. The methoc is simple and can even be recommended for 
the less experienced surgeon. 


J. INNirzER, MD 


Vienna, Austria 


Computer Tomography For Small Acoustic Neuromas 


Schubiger O, Ealabanis A, 
15:287-280, 19°8. 


The authors report on a technique of computer tomography 
(CT) evaluation for acoustic neuromas measuring 1 cm or less in 
diameter. The previous limit of resolution with CT scanning had 
been 1.5-2 cm dianmmte-. Scans were made following injection of 
contrast (ioxitalamie acid 30%) and using overlapping slices 5 
mm thick. The authors state that, using CT machines of the 
newer generation, small acoustic neuromas 1 cm or less in 
diameter may be devected. Meatocisternography still remains the 
only diagnostic met’ecd for detecting purely intrameatal tumors 
or neuromas protruding only a few millimeters into the cere- 
bellopontine angle cstern if CT fails to demonstrate them. 


A. JAHN, MD 
New York. NY 


Menges H: Neuroradiology 


Computed Tomography of the Larynx 


Archer CR, Yeager VL, Friedman WH, Katsantonis GF: J 
Comput Assisted Tomography 2:404-411, 1978. 


The authors demens-rate laryngeal structures and their inter- 
relationships by computed tomography (CT). With improved 
technology providing faster scanning times and finer resolution, 
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investigation of the larynx by CT is not only feasible but may add 
a new dimension of diagnostic reliability. Areas including the 
preepiglottic space, anterior commissure, piriform sinuses, 
subglottic space, paraglottic soft tissues, and the laryngeal car- 
tilages which are problematic for diagnosis, may be precisely 
delineated by CT. The transaxial, coronal and sagittal planes 
have been evaluated and all have diagnostic value. The transaxial 
plane offers a unique view of laryngeal structures not afforded by 
any other technique. 


T. Lat, MD 
New York, NY 


Bacteriology of the Chronically Discharging 
Middle Ear 


Karma P, Ojala K, Jokippi AMM: Acta Otolaryngol (Stockh) 
86:110-114, 1978. 


The authors found anaerobic bacteria in 33% of chronic ears. 
This contrasts with earlier findings of 1.1% suggesting improved 
technique, ie, GasPak® system with prereduced anaerobic 
culture media and bedside inoculations. The anaerobes always 
grew in mixed cultures. Facultative bacteria are believed to act 
synergistically in mixed infections: they remove oxygen, produce 
substances that lower the redoxpotential of the tissues, or provide 
nutrients of the anaerobic pathogens. Anaerobic bacteria show 
more frequently in ears with postoperative recurrent infection or 
with clinical suspicion of cholesteatoma. Treatment with local 
repeated cleaning is emphasized because anaerobes are resistant 
to most of the commonly used ototopical antimicrobial medica- 
tions. 


T. Lar, MD 
New York, NY 


Traumatic Fat Necrosis of the Face in Children 
Buswell WA: Br J Plast Surg 32:127, 1979. 


This is an interesting article bringing to mind a fact that is fair- 
ly well known; namely, that following an injury to a fatty area, 
resolution and resorption of the fat may take place leaving behind 
a residual nontender nodule in the subcutaneous tissue. After a 
period of time spontaneous resolution of the nodule may occur 
leaving behind a local depression which usually fills in slowly but 
may leave residual dimpling. 


The author brings this series of facts to our attention by stating 
that this condition is not rare but seems to have been overlooked 
in the literature. It may cause confusion in diagnosis and manage- 
ment since most cases are seen by practitioners who are not 
familiar with the problem. He presents an illustrative case and 
closes with the plea that since the condition is self-limited, no 
therapy is indicated and simply recognition of its occurrence is 
sufficient. A single photograph is presented. 


M. J. PAYNE, MD 
St. Louis, MO 


Acoustic Neuroma: Results of Brain Stem Evoked Response 
Audiometry 


Miller GW, Josey AF: South Med J 71:1062-1064, 1978. 


The role of brain stem evoked response (BER) audiometry in 
the assessment of cerebellopontine (CP) angle tumors is assessed. 
Seventeen patients with CP angle tumors were subjected to BER. 
In 16 of these patients a tumor was found in the internal auditory 
canal (15 acoustic neuromas and 1 ependymoma), and the 17th 
patient had not yet been operated on. In 16 of the 17 cases, wave 
V on the BER tracing was abnormal: in 12 it was absent, and in 4 
the latency was increased. The authors suggest that BER 
audiometry be included in the battery of tests to evaluate 
cerebellopontine angle lesions. 


A. JAHN, MD 
New York, NY 
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WINTER MEETING — 1981 


March 1-7, 1981 


MONT TREMBLANT LODGE 
Quebec, Canada 


DEPARTMENTS OF OTOLARYNGOLOGY 
UNIVERSITY OF TORONTO 
and 
UNIVERSITY OF PITTSBURGH 


The distinguished faculty will cover a wide range of topics during early morning and late afternoon 


sessions. Intormality with registrant participation encouraged. 


Mont Tremblant Lodge is an unique French Canadian “village” resort 80 miles north of Montreal. 
Excellent dewnhill and cross-country skiing facilities. 


ENROLLMENT LIMITED TO 100 


Registration Fee: $240 (Canadian) 
Resident Registration Fee: $190 with letter of recommendation from departmental chief. 


AMA Category I — 18 hours. 


For further nyormation, write: William S. Crysdale, MD, 555 University Avenue, Suite 6118, Toronto, 
Canada M53 1X8. 
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MICROSURGICAL RECONSTRUCTION OF HEAD AND NECK 
UNIVERSITY OF IOWA 
DEPT. OF OTOLARYNGOLOGY AND MAXILLOFACIAL SURGERY 
announces course 
M!CROVASCULAR ANASTOMOSIS AND FREE GRAFT RECONSTRUCTION 
OF THE HEAD AND NECK 
October 27-31, 1980 


Lectures in concepts and techniques in microvascular anastomosis as utilized in reconstruction of the 
head and neek will be presented. Microvascular reconstructive problem areas and how to avoid them 
will be discussed. 


An anatomical workshop will allow each participant to tee personal experience in doing microvascular 


anastomoses. Dissections of donor flaps on cadavers to illustrate blood supply and methods of elevation 


will also be eccomplished. 


Purpose of this course will be to introduce microvascular surgery to the head and neck surgeon and 
hopefully present a discriminating view of this relatively new technique. 
Guest Faculty 
Daniel C. Baker, MD, Assistant Professor of Plastic Surgery 
New York University Medical Center, Institute of Reconstructive Plastic Surgery 
Enrollment will be strictly limited to ten. 


Course Fee: $550. Senior Residents and Fellows with resume and letter of recommendation from 
departmental chief: $350. 


For further it formation contact: William R. Panje, MD, Director, Division of Head and Neck Surgery, 
Dept. of Otclaryngology and Maxillofacial Surgery, University of Iowa Hospitals and Clinics, Iowa 
City, IA 5222. (319) 356-2166. A48 





xxii 


ELECTRIC RESPONSE 


AUDIOMETRY INSTRUMENTS 


Plug in expandability minimizes start-up costs and pro- 
tects against obsolescence. Inexpensive basic single- or 
dual-channel systems can be quickly expanded by adding 
plug-in modules. Modules include a strip-chart recorder 
which plots the averaged waveform on ordinary EKG ehart 
paper, a waveform processor which allows adding or sub- 
tracting separate averaged waveforms, special click and 
masker generators, and a digital programmer for generating 
complex stimulus sequences. 


State of the art design maximizes preformance: Ampli- 
tude resolution of .02% full scale and time resolution of 51 
points /msec.* give averaged waveforms of unsurpassed 
clarity and sharpness. High pre-amplifier input impedance 
(10 Gigohms shunted by less than 10 pF) low internal noise 
(4.0 u V peak-to-peak) and high common mode rejection 
(85 dB at 60 Hz) greatly simplify the task of obtaining noise- 
free tracings. 


Ideally suited for clinical use: Simplified controls allow in- 
experienced personnel to obtain high quality records after 
minimal training. Safety features include optically isolated 
pre-amplifier, low-leakage internal wiring design, thermally 
protected power-supply, and implosion-protected cathode 
ray tube. 


On-site installation: With purchase of a complete ERA sys- 
tem, trained Life-Tech medical field-service specialists will 
install the system and instruct the user in its operation 
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Backes by extensive service facilities: A nationwide 
netwo# of Life-Tech approved service centers provides 
one-d&u service in most of the continental United States. An 
extene™ely equipped and staffed home-office service de- 
parme supports the regional service centers 

For aa=wonal information, call or write: 


Life-Tech 
Instruments, Inc. 


BOX 36221 - HOUSTON TEXAS 77086 - (713) 783-6490 
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VoSol® Otic Solution 

(acetic acid-nonaqueous 2% ) 
VoSol® HC Otic Solition 
(hydrocortisone 1%, acetic acid- 
nonaqueous 2% ) 


Description: V6Sol is a non-aqueous solu- 
tion of acetic acid (2%), ina propylene 
glycol vehicle containing propylene glycol 
diacetate (3%), benzethonium chloride 
(0.02%), and sodium acetate (0.015%). 
V6Sol HC also contains hydrocortisone 
(1%) and citric acid (0.2%). 

Action: VōSol is anti-bacterial, anti-fungal, 


hydrophilic, has an acid pH and a low sur- 
face tension. 


V6Sol HC is, in addition, anti-inflammatory 
and anti-pruritic. 









Indications: (VoSol only) 
Based on a review of this drug 
by-the National Academy of 
Sciences—National Research 
Council and/or other informa- 
tion, FDA has classified the indi- 
Cations as follows: 

Effective: For the treatment of 
superficial infections of the 
external auditory canal caused 
by organisms susceptible to the 
action of the antimicrobial. 
“Possibly” effective: For pro- 
phylaxis of otitis externa in 
swimmers and susceptible 
subjects. 

Final classification of the less- 
than-effective indication 
requires further investigation. 




















Indications: (VōSol HC only) For the treat- 
ment of superficial infections of the exter- 
nal auditory canal caused by organisms 
susceptible to the action of the antimicro- 
bial, complicated by inflammation. 


Contraindications: These products are 
contraindicated in those individuals who 
have shown hypersensitivity to any of their 
components; perforated tympanic mem- 
branes are frequently considered a con- 
traindication to the use of external ear 
canal medication. V6Sol HC is contrain- 
dicated in vaccinia and varicella. 


Precautions: VōSol HC: As safety of topi- 
cal steroids during pregnancy has not 
been confirmed, they should not be used 
for an extended period during pregnancy. 
Systemic side effects may occur with 
extensive use of steroids. 


VōSol and VōSol HC: If sensitization or 
irritation occurs, medication should be 
discontinued promptly. 


Dosage and Administration: Carefully 
remove all cerumen and debris to allow 
VOSol (or V6Sol HC) to contact infected 
surfaces immediately. To promote contin- 
uous contact, insert a VOSol (or V6Sol HC) 
Saturated cotton wick in the ear with 
instructions to the patient to keep wick 
moist for the next 24 hours by occasionally 
adding a few drops on the wick. Remove 
wick after first 24 hours and continue to 
instill S drops of V6Sol (or VOSol HC) three 
or four times daily thereafter. 
During treatment, to prevent infection of 
the other ear, use VOSol in unaffected ear 
3 times daily. To help prevent otitis externa 
in swimmers and susceptible subjects, 
instill two drops of V6Sol each morning 
and evening. 
How Supplied: V6So! Otic Solution, in 15 
ml (NDC 0037-3611-10) and 30 mI (NDC 
0037-3611-30) measured-drop, safety-tip 
plastic bottles. 
VōSol HC Otic Solution, in 10 mi mea- 
sured-drop, safety-tip plastic bottle (NDC 
0037-3811-12). 
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Wy, WALLACE LABORATORIES 
Division of Carter-Wallace, Inc. 
W) Cranbury, New Jersey 08512 
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Tympanosclerosis is a disease which affects the tympanic membrane (TM) @ « middle ear. The locus for the essential pathology is in 
the connective tissue component of the drum which is the lamina propria. In thes: ddle ear, the pathology is in the basement membrane. 
In the early stages there is a minimal involvement of the mesenchymal componew:, usually seen as a small white macula, or scar, in the 
drum. In advanced disease, the hyalinization of the mesenchymal component tezether with the attraction of the calcium ion leads to a 
thick, dense, calcified scar. 


The theory of pathogenesis for this disease entity is that the connective tissue semponent of these structures is stimulated by infection, 
inflammation, or trauma involving some degree of local immunological hypersezziivity. With severe middle ear infection, the mucosa of 
the inner surface of the drum becomes permeable, and the ground substance-of te lamina propria becomes edematous taking up water 
together with components of complement from the middle ear disease. The abme-mal middle ear secretions contain the immunoglobulin 
components capable of participating in the process. If there is any damage to the connective tissue, the adsorption and repair permits the 
body to react immunologically against the destroyed tissue, thereby sensitizing tu: area. 





Experiments were performed with the guinea pig in which the tympanic mex brane was removed and the lamina propria isolated and 
prepared as an immunological antigen. When this material was injected into tæ rabbits, a high, satisfactory antiguinea pig tympanic 
membrane antibody was formed (anti-GPTM). It was then possible to remove this anti-GPTM antibody from the serum. The tissue 
specificity was determined by immunofluorescent staining which showed it to bezsxcsorbed onto the TM, middle ear mucosa, as well as the 
basement membrane of the respiratory tract. The guinea pigs which were passi-=% sensitized with anti-GPTM antiserum demonstrated 
the binding of the antibodies on the tympanic membrane when subject to tawa, infection, or cautery. The manifestation was in the 
anatomical area related to the injury. Complement fixation was, likewise, demomatrated. 


Controlled animals which were not traumatized, or were not passively senszaed, included those which were injected with IgG from 
rabbits not sensitized against GPTM, They showed no fixation of antibody or:commalement in the TM. Following injury the antibody and 
complement bound to the TM provide the necessary elements for the subseeasnt immunopathologic disease entity known at tym- 
panosclerosis. 


A tympanosclerosis model in animals has been the 
result of our research. The fact that tympano- 
sclerosis can be produced experimentally would 
lead one to conclude that it is a disease entity in its 
own right. However, due to the fact that it must 


into të middle ear cavity, was described by von 
Tröltseə* in 1869. He described this change and 
noted @e decrease in resilience of the drum and 
middle 2ar mucosa and applied to it the term 
“sclerceis.”” Politzer,* who had done a considerable 


have an infection or inflammation of the middle 
ear, or tympanic membrane (TM), preceding this 
development would strongly indicate that this is not 
a disease in its own right but is an abnormality of 
tissue reaction brought about by an immunologic 
alteration in the local tissue response. In the case of 
tympanosclerosis, the Koch postulates do not apply. 


LITERATURE REVIEW 


This abnormality of tissue response, tympano- 
sclerosis, has been observed for many centuries. 
Quoting from Gibb,’ the earliest description of a 
condition which we now recognize as tympano- 
sclerosis was first discussed by Cassebohm? in 1734. 
This essentially involved the discussion of the 
calcareous deposits in the TM. It was not until more 
than a century later that a more extensive discussion 
regarding this problem, particularly as it extends 
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amour of scholarly work in the problems of the 
ear, tured his attention to this abnormality of 
repair <: 1883 and gave a more ample description of 
this pr-t-lem. Within the next decade, Habermann‘ 
in 1892, and Walb® in 1893, further discussed the 
problens of this interesting type of sclerosis. 





For @e first half of the 20th century very little 
additicaal information, clarification, or interpreta- 
tion of :1is process appeared in the literature. The 
advent and application of the operating microscope 
changed not only the technical aspects and im- 
proverzent of surgery, but once again produced an 
impeti» to the study and management of various 
patholwic problems, since something now could be 
done aeut them. In 1956, Zöller’ gave his paper on 
tympaxsclerosis and introdug ed this term into 
commer usage. He was abl e foPlarity some bf the 
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histologic differences between tympanosclerosis and 
otosclerosis, demonstrating a bone involvement in 
the latter and the lamina propria involvement in 
the former. The fact that surgical treatment could 
improve the management of middle ear disease 
prompted Goodhill*® to discuss some of the problems 
concerning otosclerosis and other conditions which 
fixed the footplate and called this pseudo-cto- 
sclerosis. House and Sheehy’ discussed some of the 
improved surgical treatments in tympanosclerosis in 
1960 and then elaborated in a larger case series in 
1962" with further insights, particularly as related 
to the ability te use tympanoplastic grafting tech- 
niques. In 1961, Harris? was able to amplify the 
characteristics of tympanosclerosis and began to 
stimulate the quest for answers to the finer ques- 
tions as to whether or not this process could be in- 
vasive or not. Supporting the concept of bony de- 
struction, Zaritskii et al’? in 1969 noted the necrobi- 
otic changes with the resorption and formation of 
cavities in the bone. In 1968, Sluchanko™ pointed 
out the differences between adhesions which sc- 
curred in the middle ear and the processes associ- 
ated with tympanosclerosis. 


Up to this time, the discussion of pathogenesis 
was limited to those of reemphasis of the cellular 
reaction to chronic inflammation and the increase 
in fibrous and hyaline tissue changes. There is 
uniform agreement, almost totally, that middle ear 
infections must precede the development of this 
process. 


With the advent of the 1970s, the increased 
awareness of the immunologic influence and disease 
formation finds Musta and Chisiu'* suggesting that 
the immunocompetence of cellular response was in- 
volved in this process. An excellent discussion of this 
subject matter was presented by Gibb.’ Not only 
was this presentation very comprehensive, but his 
observations are of such significance as to provoke 
and stimulate an attempt to answer some of the 
clinical questions within the concept of our theory 
of pathogenesis. It is unfortunate that the title of 
the work of Kinney'’ in 1978, took it out of the 
mainstream of study on tympanosclerosis, since it 
related to inflammatory ossicular fixation. This 
work is one of the most comprehensive and largest 
series to date, containing within it several excellent 
clinical observations with statistics to confirm his 
viewpoint. 


Working in the Connective Tissue Research Lab- 
oratory at the Univeristy of Copenhagen in 1963, 
one of the authors, MS, has made definitive note of 
similarities between tympanosclerosis and connec- 
tive tissue diseases of immunologic origin. At that 
time, the immunologic, manipulative technology 
had not developed to its present refinement, and the 
technology for detection and isolation of sensitive 
elements at a cellular level had not been well evolved. 
Within the next decade enormous strides were made 


in these two areas, permitting the resumption of the 
quest for a theory of pathogenesis for tympanoscler- 
osis based on immunologic induction and manipu- 
lation. 


HISTOGENESIS AND THEORIES OF ORIGIN 


The histogenesis of tympanosclerosis morphologi- 
cally is fairly well described and agreed upon by 
most clinicians. There is invariably a history of 
previous episodes of otitis media followed by one or 
more subsequent occurrences which apparently 
provoke the local tissue response. These are 
characterized by an increase in the activity of the 
fibrous layer of the drum with a considerable 
decrease in the elasticity and/or compliance of the 
TM. This occurs in the lamina propria or lamina 
fibrosa. There is a characteristic increase in the 
amount of collagen laid down together with a 
subsequent hyaline degeneration in the fibrous 
stromal layer. This can occur in all the surfaces of 
the middle ear whether it be on the drum, or os- 
sicles, or on the promontory. 


In Sade’s'® excellent study of the nature and 
development of the mucous glands and cilia in the 
presence of otitis media, one sees this contrast to the 
morphologic changes which occur in tympanoscler- 
osis. Tos and Bak-Pederson’’ in a very detailed 
study actually were able to demonstrate that the 
amount of secretion not only decreases per square 
millimeter area, but also that the number of glands 
decreases progressively with the severity of tympan- 
osclerosis. This appears in the vast majority of cases. 
Such findings also help explain the clinical observa- 
tion that only a few ears with tympanosclerosis 
alone have much drainage. 


The open and closed category of this disease re- 
fers to the evidence of a perforation or simply in- 
volvement in the intact TM as seen visually with no 
major involvement of the middle ear. This becomes 
clinically important because the compliance and 
impedance of the drum can now be measured so ac- 
curately with tympanometry that many early cases, 
particularly the closed type, are detected simply by 
a flattened impedance curve which correlates histo- 
logically with the alterations within the fibrous 
layer of the drum. 


As the disease process progresses and ages, the 
mass generally tends to attract calcium ions in 
which a distinct deposit is present in a large number 
of cases. Gibb' commented that even occasional ec- 
topic areas of bone were encountered, but he noted 
that it had with it an unusual fibrous woven ar- 
chitecture. The two characteristic appearances of 
the tympanosclerotic mass are those of lamellar 
layers and those which are firm masses. This prob- 
ably relates to the manner of lying down this abnor- 
mal connective tissue, either by constant stim- 
ulation or by repeated lamellar growths. Often the 


TYMPANOSCLEROSI? 3 


advent of calcium into the mass alters the texture so 
that lamellar arrangements are discouraged, and 
firm dense adherent masses are formed. Such find- 
ings are confirmed in the scanning electron micro- 
scopy and x-ray analyses noted by Lim.* He ob- 
served that the plaque of tympanosclerosis does con- 
tain very high levels of calcium and that two types 
of histology appear, one diffuse and the other 
sporadic, and all the specimens examined appear to 
be related to a history of otitis media. 


It is agreed that tympanosclerosis is preceded by 
infections of otitis media. The question arises as to 
the capability of the infections to stimulate fibro- 
blastic activity in general, or a tympanosclerotic 
response in particular. Plester’? found only 10% in- 
cidence of tympanosclerosis in his large series of 
3,000 otologic cases. He noted that in those cases 
that he operated, “90% had perforations of the ear- 
drum, and the majority of the patients’ ears were 
not infected at the time of surgery and had been free 
of inflammation for years.” From his observations 
one would appear to conclude that only a minority 
(10%) of ear infections develop tympanosclerosis. 


What is the mechanism involved in this process? 
If infection alone were the cause, why is not the in- 
cidence rate higher? Kinney‘’ studied 1,495 chronic 
ear surgeries with a total of 311 who had tympano- 
sclerosis. This is roughly a 20% incidence rate. Of 
the group that had this problem, 78% had a history 
of over ten years’ duration. What is of significance, 
age wise, is that nearly 80% occurred in patients 
over the age of 30. This would suggest that the in- 
cidence among children may be high, but since it 
takes so long to bring about eventual damage, tym- 
panoclerosis is not frequently seen in the vounger 
age group. The incidence of cholesteatoma, 
preoperatively, was less than 10%. The presence of 
a wet ear in tympanosclerosis strongly suggested the 
presence of cholesteatoma. This indeed proved to be 
true in his series, showing that 20% were noted to 
have cholesteatoma, and over half of them had wet 
ears when first seen. 


There were many who concluded that exudative 
otitis media was a prerequisite to tympanoselerosis. 
In these cases, they felt a hypervirulent bacteria or 
virus was the cause. Some concluded that the glue 
ear from the action of staphylococci and pneumo- 
cocci during prolonged treatment with antibiotics 
could bring about this change. Others believed that 
the lack of the function of the eustachian tube 
together with a “tubotympanic catarrh” was a 
cause. Hybasek'® thought that inflammation ac- 
tivated by a virus as the active “noxa or agent,” was 
the cause implemented “by enzymes and later by 
antigenic action,” which provoked irritation of 
tissues. His description was predicated on the role of 
infection and a catarrhal type of otitis media. He 
felt firmly that cholesterol-type granuloma was 
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*Lim DJ]. Personal communication. 


necessa 7 to bring about the final stage which was 
tympa =sclerosis. This is not in keeping with the 
finding. >f most of the otological community. 








Gib felt quite rightly that tympanosclerosis 
develo =3 in narrow, or cul-de-sac areas such as the 
round »vindow, where exudate remains for a long 
while. _» addition to that, these areas do not have 
ciliary ‘anction to eliminate secretions. He theor- 
ized thet the mucosa would have to be necrotized so 
that a =:bsequent mucosa could be laid down and 
thereb* account for the marked thickening of the 
submuzcsal connective tissue. There is some sup- 
port tc zis observations, particularly in that he has 
observed the oval window, attic and stapedius ten- 
don to Œ areas involving a high incidence rate of 
tympa sclerosis in his series of 138 cases. 


Ferl <% likewise thought that tympanosclerosis 
require i the presence of the organization of the in- 
flamec ::ssue. The description given for this type of 
organisacion would predicate that granulation tis- 
sue w a sine qua non for the development of the 
collagex and the surrounding exudate. This is not 
true fc nany cases which have no granuloma for- 
matior in its process. Likewise implicated was the 
presens= of effusion as the first stage of tym- 
panosce-osis. He also felt that stagnant exudate 
was the “ground for future organization and scler- 
osis.” s2yuknecht?' also noted the development of 
hyalinzed collagen, particularly around the ossic- 
ular cl an. 


In g*¥ral, the concepts and theories of the origin 
of tym >anosclerosis fall into the following cate- 
gories: 4) infection followed by necrosis and granu- 
lation &:sue; b) ischemic changes; c) stasis of in- 
fected material. 


THEORY OF PATHOGENESIS 


Our <neory of pathogenesis proposes that tym- 
pancsci2-osis has an immune component which oc- 
curs is the TM following an insult or mucosal 
disrup acn. The trauma may be mild, such as a myr- 
ingo'o =” incision, with or without tubes, which on 
occasica will show a small chalky patch under the 
microszape. The other more common traumata to 
the TM are either by infection, physical trauma, or 
treatrrea't with cauterizing agents. Sitting beneath 
all of these stimuli is a possible genetic component 
which wight be involved. This would explain the 
relativ= infrequency of tympanosclerosis in the 
genera, large population of people, particularly 
childrea with otitis media. 





Wha ever the trauma is, it must be sufficient in 
nature : be able to create some edema of the epi- 
theliur, thereby permitting insult to approach the 
lamine propria. The most common severe type of 
tympa—csclerosis is the open type, or those with per- 
foraticzs. The closed type has no perforation. 


Since mpa Aosclerosis 3 never occurs on the ao 
ing scenario tales place i in P the loc al ere 
injury to respead in an abnormal manner the next 
time a similar response is elicited. One of the first 
things that ocears in the process of injury, regard- 
less of the source, is a reorientation of water. The 
edema that follows may be microscopic, but if it in- 
volves trauma that reaches the connective tissue 
layer, then the ground substance, which has a 
strong proclivity or water imbibition, becomes ac- 
tivated. As muzosa becomes inflamed, microscopi- 
cally the space between the desmosomes becomes 
greater, and the surface area is now permeable in 
contrast to the marked and distinct integritv of a 
normal, untraamatized mucosa. Infection would 
include inflammation, which is a lower levei of 
activity and caa be incorporated into the concept of 
infection with he exception of the advent of an in- 
fecting organisn. The same type of tissue changes 
take place. Following edema is the congestion in the 
capillary bed end the back pressure leading to re- 
lease of fluid ar.d cellular components. Whereas the 
lamina propri: is relatively avascular, it contains 
mucopolysaccharide components such as hyaluron- 
ic acid which kas a marked proclivity for water im- 
bibition. If the nearby capillaries are leaking fluid, 
this is very easv to enter and penetrate into the 
lamina propria. If there is enough fluid present at a 
microscopic lesel, the fibrillar components car be 
stretched and brcken asunder. 


Studies with special dyes which favor the muco- 
polysaccharide component in light microscopy de- 
monstrate this increased fluid uptake. Dves like 
toluidine blue will show the large increment of blue 
staining material, which is water loaded under 
these conditions. With the advent of cellular com- 
ponents, particularly polymorphonuclear leuko- 
cytes’ response, the autolytic enzymes are now 
available for tae destruction of some of the com- 
ponents of the amina propria. You now have some 
of the broken protein and aminoglycans compo- 
nents which hawe the capacity to act as a local anti- 
genic stimulatien. The reparative process proceeds, 
the water is once more reabsorbed and taken back 
into circulation, leaving what amounts to a local 
concentration of the breakdown product of the 
lamina propria. This can now be likened unto the 
stage of preparation of the experimental antigen for 
this disease ent#y. 


Most of these changes can, theoretically, take 
place without actual ulceration and physical dis- 
ruption of the nucosa. However, in many strepto- 
coceal infectioas such as scarlatina, ulceration or 
even necrosis of the entire drum actually takes 
place. This lezves a large local deposit of degen- 
erated elements in the TM and probably explains 
why searlatina perforations are so often a source for 
tympanosclerotic development, 
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eee is a "progressive infiltration al monocytes, 
lymphocytes and plasma cells which now have with 
them the capacity of making the local tissue im- 
munoglobulin components and initiating the reac- 
tion. This is very well demonstrated, even at an 
electron microscope level, by Lim,’? in his excellent 
review, Since many investigators contend that both 
serous and suppurative otitis media are part of the 
initiating causes for tympanosclerosis, it is necessary 
to look back at the early stage of development for a 
better clarification of the induction of tissue sen- 
sitivity. In Lims?” summary, he pointed out that 
the usual concept of allergy as being a cause for the 
middle ear effusion would have to be mediated by 
the IgE mechanism. This would call into action the 
mast cells and basophils, since this immunoglobulin 
reacts specifically with them. Veltri and Sprinkle” 
have postulated that the immune complex involves 
the complement response, which indeed seems rea- 
sonable, particularly since the polymorphonuclear 
(PMN) leukocytes are mobilized and active in the 
process. Such a response indicates that the humoral 
component is active, and tissue sensitivity is not a 
part of this response. 


Cell-mediated immunity, or delayed hypersensi- 
tivity, as suggested by Bernstein and Reisman”! was 
the result of mucosal injurv with a delayed tissue 
sensitivity. This was partly based on the fact that 
the macrophages and lymphocytes, mostly of the 
T-cell type, were the predominant cells found in the 
effusion. 


From our point of view, it seems most reasonable 
that both of the processes occur, but there is a dif- 
ference in their time sequence. The polymorphonu- 
clear reaction is most probable in the acute phase of 
almost any respiratory infection, and the macro- 
phage plasma cell and lymphocyte are the cells for 
chronic, or delayed, sensitivity change. The fact 
that these can be demonstrated in mucosal biopsies 
is encouraging. The cell most commonly seen with 
tympanosclerosis is that of chronic infection, ie, 
macrophage and lymphocyte. Once this local cell 
population is present simultaneously with the 
necrotized, or destroyed, or altered lamina propria, 
the machinery for producing local tissue antibodies 
is now in motion. 


As far as the fibroblast is concerned, it has not 
been determined whether or not the tissue immune 
response stimulates the fibroblast to produce ~~ 
collagen in the already activated srouuc suustain v, 
or does the immune response biock the regulator 
that cuntruls the fibroblast overactivity? This 
mechanism seems to be more logical, since it would 
take a long period of time before the dampering 
mechanism gets a new regulator to tell the fibro- 
blast to stop working (Fig. 1). In contrast, the direct 
stimulation should stop when the infection is con- 
trolled, and the stimulation ceases. 


Figure 2 shows a schematic diagram of our induc- 
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Fig. 1. Diagram of proposed controls in collagen fcanation from the fibroblast. 


tion and development of tympanosclerosis in the 
guinea pig. Poliquin et al?‘ reported the develop- 
ment in detail of our antigenic model against the 
guinea pigs TM. An antiserum against the connec- 
tive tissue elements of the guinea pig’s TM was raised 
in rabbits. After absorption against powdered and 
fresh guinea pig tissues to eliminate nonspecific 
reactivity, this antiserum was then injected into 
another guinea pig. After one hour, one drum of the 
injected animal was subjected to traumatic perfora- 
tion, bacterial infection, or chemical cauterization. 
After survival times of 1, 7 or 21 days, antibody 
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Fig. 2, Schematic of the animal model for the induction and deve soment of experimental tympanosclé osis, 


depøsžon in the connective tissue layer of the trau- 
matize i drums was demonstrated by immunofluor- 
escece staining. In the myringotomized drums, 
deposition occurred in a “halo” around the site of 
the perforation, diminishing in intensity with 
distan<= from the myringotomy. Complement was 
also de nonstrated by immunocytochemistry. In the 
untreated, opposite ears of these animals, no anti- 
body csoosition occurred. When normal rabbit ser- 
um was substituted for antiguinea pig TM antiser- 
um, n= deposition in the membrane was seen after 
the abrve types of trauma. 
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Fig. 3. Cross-sectional view of the tympanic membrane (pars tensa) of the squirrel monkey, schematically represented. 
Each layer is labeled in drawing. (From Lim.” Reprinted with permission.) 


In a chronic experiment,* longer survival times 
were examined n the model described above, utiliz- 
ing only myrinmgctomy. At three months and six 
months post-trauma, whitish plaques were ob- 
served on the TM at the site of myringotomy. Con- 
trol subjects, imjected with normal rabbit serum 
rather than anmtitympanic membrane antiserum, 
showed little or no plaque formation. The histolog- 
ical appearance of the plaques is described in the 
following section of this paper. 


If antigen beeomes bound to the drum, or if the 
patient develops autoantibodies against the drum, 
the local tympenic tissue can be sensitized to the 
development of tympanosclerosis, as demonstrated 
experimentally. Then, when the second and third 
time the infect on occurs, the pathologic process 
becomes manifst since this tissue, which has been 
previously primed, is now challenged. 


MICROSCOPY 


Light Microsopy. In Figure 3 Lim?’ recon- 
structed an adaptation from electron microscopy to 
clarify the struccures for light microscopy. 


For comparisen purposes, examination of Figure 
4 shows the normal area of a guinea pig's TM at 400 


* Ryan A, Schiff M, Catanzaro A. An animal model of tympanosclerosis. 
In preparation. 


times magnification. The epithelium and mucosa 
can be seen as very thin layers in the fiber bundles 
shown in the dark cross sections. The submucosal 
and subepithelial areas are difficult to see and ap- 
pear to be very thin. No separation of the fiber 
bundles is noted. 


The cellular components in Figure 5 or the chal- 
lenged tympanic area show the marked thickening 
of the total lamina propria to eight to ten times the 
thickness of the normal drum. The epithelium on 
both surfaces is not dramatically changed. How- 
ever, in the lamina propria the fiber bundles are 
slightly separated by the activity of the loose con- 
nective tissue. The subepithelial and submucosal 
loose connective tissue is dramatically thickened 
with calcium lamellae seen in the subepithelial 
area. It is interesting to note the difference in re- 
sponse between the organized connective tissue, in 
the fibrous portion of the lamina propria, and the 
loose connective tissue in the subepithelial layers. 
All of the hyperplasia which occurred in this mater- 
ial was located in the loose connective tissue layers. 
This may reflect the mature, cross-linked nature of 
the collagen in the fibrous portion of the lamina 
propria versus the less mature collagen in the loose 
connective tissue. 


The extension of this into the electron microscope 





Fig. 4. L ght micrograph of the normal tympanic membrane. The discrete bundles of the fibrous layer of the lamina 
propria are saadwiched between the thin mucosal epithelium and the thicker epidermal epithelium. The loose subepithelial 
connective tissie contributes minimally to the thickness of the drum. (x400) 
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Fig! 5. s. Light EENEN of guinea pig tympanosclerosis. The fibrous æyer of the lamina propria and both the mucosal 
and epidermal epithelia are largely unchanged. However, both subepithdal connective tissue layers are greatly expanded. 
Dark bands of calcification run through the subepidermal connective tisa layer. (x400) 


shows almost the exact same expansion of these 
lamina propria components. The proximity of this 
experimental model to that of the human at an elec- 
tron microscopic level is, indeed, impressive and is 
in strong support for the developmental nature of 
this pathologic process. 


Electron Microscopy (EM). The normal EM area 
of the TM seen in Figure 6 shows that its entire 
thickness is not very great. Very limited activity in 
the lamina propria beneath the epithelium and the 
mucosa is noted. No increase in collagen and no cal- 
cification is seen. 


In contrast to that is Figure 7 which shows the in- 
creased development of the loose connective tissue 
component with a deposit of lamellar-like lines of 
calcifying tissue. Normal mitochondria (NM) are 
seen, and calcifying mitochondria (CM) show pre- 
cipitation of calcium within them, thus inactivating 
these organelles for functional purposes. These are 
very much like the electron microscope studies con- 
ducted on human tympanosclerosis. Both the stud- 
ies of Chang?’ and Sorensen and True’? show these 
similar changes in humans in both the cellular and 
fibrous components, and the amorphous ground sub- 
stance. The fibroblasts, which have been stimulated 
during the laying down of new connective tissue, 
now seem to be irregular cells, more flattened and 
oval in appearance. Electron-dense autophaged 
lysosomes were demonstrated which apparently 


have a-racted calcium to them, together with the 
mitocłx ndria, which were markedly increased in 
density. some of which have opaque masses of calci- 
um dewsits within them. The guinea pig does not 
have cllagen in the same manner as the human 
TM. T= electron microscope studies of both groups 
of investigators found that the human collagen 
fibers aapeared to be randomly placed and woven 
in vari xs directions, and they also noted that some 
of the £ bers did not have the characteristic 640 A 
band. | hang?’ extended his study to an x-ray spec- 
trograr of the calcified material and showed it to 
be most probably a calcium apatite. One of the in- 
terestir + observations made with the x-ray defrac- 
tion te =tnique that he used, showed the intracellu- 
lar electron-dense material contained more calcium 
than p msphorus, whereas the extracellular plaques 
contaid more phosphate than calcium. This 
means that the calcification of tympanosclerosis is 
distinc y different microchemically than that of 
norma bone calcification. 


One Jf the changes seen in the electron micro- 
scope ticdies, both by Chang?” and our group, sug- 
gests th -t the mitochondria have calcium deposits in 
them, ~»t because the blood calcium serum level is 
partici arly high, but because it is related to the 
electro--transport function and the ion accumula- 
tion. Tt is has been very well laid out in the work of 
Lehnir <er.?? An extension of his thinking might ex- 
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Fig. 6. E ectron micrograph of the normal tympanic membrane. The outer epithelial layer (EP) at the top of the figure 
consists of twe cell layers. A thin subepithelial connective tissue layer (SM) separates the epithelium from the fiber bundles 


(FB) of the firo ıs layer of the lamina propria. The mucosal 


ane 


(ME) is also separated from the fibrous layer by a 


thin subepithelial connective tissue layer. NM - Normal mitochondia. (x8000) 


plain why the celc-um concentration is higher intra- 
cellularly than extracellularly with reference to the 
phosphorus. Th2 calcium ions tend to accumulate 
in degenerating and decomposing tissues, probably 
because of local alteration of the pH subsequent to 
the interference with the electron-transport func- 
tion of the mitochondria by the disease process. 
Leughthenberger and Fautrez®® thought that the 
extracellular deposit of calcium was probably 
related to the imcreased synthesis of mucopolysac- 
charide, particulazly the chondroitin sulfate which 
constitutes a part cf the ground substance. The most 
probable cell to orəduce these components has been 
demonstrated as the fibroblast. 


The general appearance of tympanosclercsis 
shows a distinct decrease in cellular activity and cell 
count. This is apparent functionally with the de- 
crease in the mmcous and goblet cells, as well as 
those within the stroma. The finding of a consider- 
able softening >f bones that are enveloped and 


wrapped in a tympanosclerotic mass probably has 
its explanation in the fact that not only is the 
vascular supply lifted from the intimate contact 
with the bone, but the microchemical changes re- 
ported with the degenerating mitochondria suggest 
that the local environment might prefer a shift in 
the local demand of calcium for the degenerating 
tissue. The most proximal source for this would be 
the contiguous bone enveloped by the tympano- 
sclerotic mass. The study of the collagenase, or simi- 
lar protease activity of this tissue has not been un- 
dertaken yet. Such enzymes have, likewise, the ca- 
pacity to soften bone by acting on the organic ma- 
trix. These factors together with the isolation of the 
better blood supply to the ossicle itself most prob- 
ably accounts for the moth-eaten, demineralized 
appearance of the tympanoslcerotic ossicle. If this is 
extensive, it can lead to ossicular discontinuity, par- 
ticularly in the long process of the incus. 


It is a well-known fact that when infection oc- 
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Fig. 7. Electron micrograph of guinea pig tympanosclerosis. The great- expanded subepidermal connective tissue layer 


is characterized by calcified lamelae (CL) and calcified mitochondria (Ch . Normal mitochondria (NM) are also evident. 
The epidermal epithelium (EP) is relatively normal in appearance. (x8000 
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curs, pH changes occur, and the bone demineral- 
izes. This might explain why one would find a de- 
mineralized bone in the early stages of otitic infec- 
tion. In tympancsclerosis, the inflammatory reac- 
tion in the ear has existed for many years, and the 
availability of the polymorphonuclear leukocyte 
with its destructive enzymes is not really that close 
to the bone anymore. The polymorphonuclear leu- 
kocytes are present in the early stages of infection, 
but they are virtually nonexistent in the long- 
standing tympanosclerosis. It would therefore ap- 
pear logical that these changes are taking place 
either by ischemic alterations, or by the interface 
with tympanoselerosis on the bone in combination. 


The ground substance is an important area for 
the activity demonstrated by this model. In the 
lamina propria, the subepithelial to submucosal 
connective tissue layer is the arena where the 
ground substance interaction appears most impor- 
tant. 


The ground substance is made up of a) cells, ie, 
mast cells, fibroblast, endothelial cells; b) fibrillar 
components, ie, collagen, reticulin, elastin; and c) 
acid mucopolysaccharides, ie, hyaluronic acid, 
chondroitin sulfate A, B, and C. They are main- 
tained in a sol-gel equilibrium which is altered by 
many factors*' such as enzymes, ions, hormones and 
nutrients. The alterations of this occur early in in- 
flammatory changes and the interaction of these 
factors can alter the nature of the amorphous 
ground substance to a more organized fibrous state. 


DISCUSSION 


With the tremendous events in technology, infor- 
mation and knewledge, a reconsideration of many 
of the clinical aspects of tympanosclerosis in this 
frame of reference will be presented. It will prob- 
ably raise as many new questions as we answer. 


Incidence and Duration, There are several areas 
of basic agreement: 1) tympanosclerosis does not oc- 
cur on the first insult; 2) it takes many years to 
develop this condition. In the informative study by 
Harris’' who showed that there was a 5% incidence 
rate of tympancsclerosis in a series of over 300 mas- 
toid and tympanoplasty operations, 22% of the 
cases were in children, and yet none of the children 
demonstrated tympanosclerosis. In review of 16 of 
the cases of tympanosclerosis, only 2 were in the 
20-30 year age group. All the rest were older. This 
further emphasizes the fact that it takes a long time 
to develop clinical tympanosclerosis. House and 
Sheehy’ reported a 33% incidence rate. It therefore 
becomes obvious that the definition is most impor- 
tant. If one refers only to those ears with perfora- 
tions, which represent over 80% of the tympano- 
sclerotic cases, then these figures remain quite ac- 
curate. If one were to redefine the terms from 
clinical tympanosclerosis, inferring some type of 


disability to an anatomic consideration, then the in- 
cident rate changes. If the chalk marks, or the cal- 
careous deposits in the drum, were included, they 
would probably double the highest incidences pro- 
posed. It is likewise obvious that many subclinical 
cases are only detected nowadays with the refine- 
ment of the tympanometer which is able to measure 
the impedance and compliance of the TM. Using 
such an instrument as part of the criteria, this 
would increase the incidence still further. If we in- 
clude those ears that have had tubes placed in them 
and subsequently developed this leukoma, or chalk- 
white mark, which does not interfere at all with 
hearing, the incidence would increase greatly. 


The comments referable to the development of 
tympanosclerosis in the TM alone have their appli- 
cation, likewise, to the disease process in the middle 
ear, since the lamina propria, or fibrous layer, is 
present between the mucosa and the bone of the 
middle ear. 


In the 138 cases of tympanosclerosis, the location 
of 24% was inthe TM alone, 32% in the middle ear 
and mastoid, and 44% in both locations. ! 


There were 1,495 chronic ear surgeries reported 
by Kinney’® of which approximately 20% had tym- 
panosclerosis, and 80% of these cases were over the 
age of 30. This further emphasized the fact that it 
takes a long time to develop this pathologic end 
state of middle ear inflammation. 


Anatomy and Microbiology. It would appear 
that the pars flaccida would not be involved, since 
there is no lamina propria in this area in man. How- 
ever, Lim’s electron microscopy study” of the pars 
flaccida showed that this is considerably thicker as a 
total membrane structure than is the pars tensa. It is 
true that there is no lamina propria in this area to 
be organized systematically into tympanosclerosis. 
However, there is a moderate amount of connective 
tissue of the more loose type between the two layers 
of epithelium. When inflammation and edema take 
place in this area, there is a marked increase in the 
ground substance with the inflammatory reaction. 
By the involvement of this edematous tissue in the 
same chemotactic process, which is initiated by 
neutrophils in other areas, the calcium ions can 
likewise be drawn to this area to develop small 
plaque-like areas of tympanosclerosis in contrast to 
the large sheets and lamella layers seen in the TM 
and middle ear. This is based on the premise that 
the mucosa has become porous enough so that the 
noxious substances from the infection arrive at the 
mesenchymal or connective tissue layer and, there- 
by, are able to induce the sensitizing tissue reaction 
for the future development of tympanosclerosis. 


It is important to note that about 63% of all otitic 
infections in children were caused by Hemophilus 
influenzae. These organisms have the capacity to 
create considerable edema in a very short period of 
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time. This is probably due to some toxic effect on 
the capillary walls permitting such a large outpour- 
ing of fluid into the ground substance. In contrast to 
many other pathogenic organisms, this feature is re- 
markable. 


If one adds to the problems of the Hemophilus in- 
fection those of the streptococcal organisms with 
their built-in spreading factor, then the ease and 
ability to invade into the connective tissue layer 
becomes obvious. The spreading factor is hyaluron- 
idase and has the capacity to depolymerize the 
hyaluronic acid and other ground substance com- 
ponents. As these are further depolymerized, the 
number of molecules increase, and therefore the 
osmotic pressure is to have even a greater amount of 
fluid inbibition. If the accompanying neutrophils 
break down and release their enzymes, the machin- 
ery is now in function for the partial destruction of 
some of the connective tissue elements. 


In Zöllner’s’ paper reinstituting the use of the 
term tympanosclerosis in English for the first time, 
he presents a classic case of this problem. His pa- 
tients, like so many others, had scarlet fever in 
childhood, and both of the ears were now dry, and 
he proceeded to discuss the anatomic and surgical 
handling of this massive build-up of tympanoscler- 
osis. It is therefore suggested, from a clinical point 
of view, that these organisms play an early, major 
role in the initiation of the events that terminate in 
the complement cascade which participates in- 
timately with the early inflammatory process. 
Veltri and Sprinkle,” in their several studies have 
set forth a methodical, logical case for secretory 
otitis media being an immune complex disease. 
They also emphasize that some organisms are 
capable of initiating an immediate damage, and 
then the organisms are eliminated by antibiotics. 
The fact that microbial antigens and necrotic debris 
from the tissue damage are capable of maintaining 
and perpetuating a middle ear effusion without the 
presence of bacteria strongly suggests that the im- 
mune aspects of this function are seriously im- 
plicated. They likewise believe that attacking the 
middle ear mucosa and supporting structures with 
lysosomal enzymes found in such ear effusions could 
result in the type of damage one sees in tympano- 
sclerosis. 


Bernstein and Reisman” in their study of the role 
of hypersensitivity in secretory otitis media shifted 
their emphasis to a cellular immune process noting 
that the presence of the lymphocytes and the mac- 
rophages were the most common cells. The fact that 
these lymphocytes are predominantly T-cells might 
very well explain why the tissues became sensitized 
to the necrotic cellular debris of the lamina propria. 
The T-cells were able to recognize the debris as 
“foreign.” This allows for the development of a 
tissue-fixed sensitized area that would react the next 
time a challenge was presented. This latter descrip- 






i: not much different than part of the ex- 
ntal work done on our animals. Since both 
srocesses takes place in an orderly sequence 

-the immediate acute stage to the more pro- 
longec chronic state, it would appear most logical 
that tke cellular-type fixed immunity probably has 
the essence as a precursor for tympanosclerosis. 


Mucesa, Why is there such a large overgrowth of 
conreetive tissue, and why does the middle ear 
reac mm such a way as to eventually become dry? 


One of the interesting characteristics of even ad- 
vancec tympanosclerosis is the presence of essential- 
ly a dry middle ear with almost no discharge in 
most of the cases. In the 138 cases of tympanoscler- 
osis rescrted by Gibb,’ 83% were dry, although 
perfwr ations were present in 84% . All these perfora- 
tions were present in the pars tensa of the drum. 
The fact that they are dry in such a high percen- 
tage. and that cholesteatoma is uncommon, both fit 
well tcgether. This is further confirmed by the work 
of K-nxey'* who noted that 66% had dry ears, and 
of the remaining 33% who had mucoid or muco- 
purulent discharge, 50% of these had cholestea- 
tome. t becomes apparent that a dry ear and chole- 
steatorza do not usually go together. In contrast to 
this, Morgan” reported 37% tympanosclerosis in 
the geaeral ear surgical population, but he found 
the iacidence of cholesteatoma associated with tym- 
panecscierosis, when a perforation existed, at 50%. 
It wou d appear, if 50% had cholesteatoma, the in- 
cider.cecr infections of draining ears would be con- 
sideratly larger than those reported by most 
otolcgists. This would strongly suggest that the 
defirit-ea for tympanosclerosis and cholesteatoma, 
wher they coexist, should be looked at and studied 
with greater scrutiny. As previously noted in 
Plest2rs 1971 report of 3,000 tympanoplasties,'* 
10% hec tympanosclerosis. Ninety percent of this 
subg-o2p had central perforations, and there had 
been ro inflammation or infection of the ear for 
man“ ears. In the large majority of these cases, no 
discharge was present. He also thought that chole- 
steatoraa and tympanosclerosis were strictly a coin- 
ciderce, not cause-and-effect related. 


Plece:this in contrast to the concept by Hybasek’® 
and *exlito?® who both thought cholesteatoma was 
part »>fthe developmental picture. In the cases pre- 
sented br Harris‘! only 2 of the 16 had cholestea- 
toma, and these both had some degree of suppura- 
tion with it. Also, in the House and Sheehy’ study, 
cholestzatoma was not of a high incidence rate in 
ears with tympanosclerosis. 


It s sbvious that arriving at an agreement on this 
prob-em poses a definite dilemma, most probably in 
the area of semantics. What is apparent is that most 
of the cases of tympanosclerosis have been in ex- 
istenee from 10-30 years, and a cholesteatoma ac- 
tive ær present for that length of time would have 
had a eensiderable amount of bony destruction. 
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There is usualy little bone destruction in tym- 
panosclerosis. Fhe collagenase activity of the chole- 
steatomatous matrix is well-known. 


Why the tympanosclerotic middle ear becomes 
dry and remairs dry, even for such a long period of 
time, is suggested by the work of Tos and Bak- 
Pedersen.” They showed that as the disease process 
advances, the activity of the mucous gland is cut 
down considerably so that the capability of the 
potential for sesretion is slowly eliminated. Sade’s*® 
work showed te distribution of the secretory cells 
and cilia in the middle ear. When the promontory 
and attic area: change their epithelium to either 
more cuboidal epithelium or squamous metaplasia 
because of the changes occurring in the lamina pro- 
pria beneath it the epithelium is reduced down to 
the level of greatest biologic energy economics. A 
good, active bleod supply is necessary for secretory 
activity. Cilia are lost early when nutrition is 
deprived and the epithelium changes to those re- 
quiring less bleod. As the thickness of the lamina 
propria grows, the blood supply is likewise removed 
from close access. One needs only to lift the epi- 
thelium over a tympanosclerotic plaque to see the 
dearth of bleed:ng. This is another factor in limiting 
the amount of rourishment to the mucosa as well as 
to the glands. Therefore, secretion is decreased. 


As noted previously, the presence at the oval win- 
dow and in the attic and on the stapedius tendon of 
tympanosclerosis would suggest that this has a com- 
bination of anetomic and functional consideration 
that explain the high incidence in this area. Sade'® 
showed that th epithelium in the superior portion 
of the middle ear is usually nonciliated, the applied 
implication here being that the normal sweeping 
and cleansing >f the debris is not as easily per- 
formed as in the hypotympanic part of the ear. The 
secretions in the interstices of the oval window, the 
undersurface of the stapes arch, beneath the fallo- 
pian canal, anc between the folds of mucosa in and 
around the oss:cles, permits the mucus to remain 
longer. This is particularly true if the mucus is 
pathologic witt a great increase of viscosity or in- 
fections at which time the edema it produces de- 
creases the activity of the glands in that area. The 
latter is substartiated by the excellent work of Tos 
and Bak-Peder:on’’ in their studies showing the 
considerable fai in population of secretory glands, 
and therefore :heir activity in tympanosclerosis. 
Their figures aʻe truly impressive when one com- 
pares the number of glands per square millimeter 
area in tympanesclerosis with the number, or densi- 
ty, per square nillimeter as compared with other 
middle ear diseases. It is a fact that many of these 
secretions that ere in stasis contain within them the 
immunoglobulias and complement factors capable 
of either activasing the immune response at a hum- 
oral or cellular evel, or participating in the inflam- 
matory response. This may help to explain the high 
incidence rate im these areas of middle ear. 


Bone. Most investigators have found bone from 
time to time in the tympanosclerotic mass. This rep- 
resented bone “de nuovo,” not a resorbed piece 
from another origin. Goodhill,* in his clear presen- 
tation of various types of ossicular chain fixation, 
noted the effects of tympanosclerosis in both the fix- 
ation of the chain as well as in nonotosclerotic dis- 
ease of the stapes. Others have noted the totipotent 
capability of a certain fibroblast population which 
can stimulate osteoblastic production of new bone, 
even with a considerable intermixture of fibrous 
components. 


This leads to the discussion of otosclerosis and a 
possible involvement of this disease by a similar 
mechanism as proposed in this theory of pathogen- 
esis. It is obvious that otosclerosis and tympano- 
sclerosis is not the same. This separation was put to 
rest long ago by Politzer* in 1883. Obviously, not all 
people who have middle ear infections develop tym- 
panosclerosis. There must be some other factor, 
most probably the turning on or off of a gene switch 
to initiate or inhibit development of this condition. 
A very tantalizing question is raised regarding 
otosclerosis. There appears to be two types: a) those 
that have a very definite familial history, in which 
case the footplate is usually very thick and may 
have a massive bone growth and b) a second, 
separate type in which there is no family history of 
otosclerosis but often a history of an ear infection 
that was only transient in nature. At surgery, the 
footplate of a) the former, is dense and white in ap- 
pearance, whereas the latter b) the fixed footplate 
has a blue center and appears fixed only in its 
ligamentous attachment into the oval window. 
Many of the same connective tissue components 
that exist in the disease of the lamina propria 
likewise exist beneath the mucosa on the oval win- 
dow ligament. 


Would it not be reasonable to assume that since 
such changes as we demonstrated can be made in 
the TM that a similar infection involving sup- 
purative material in the oval window niche, pro- 
ducing a similar break in the integrity of the mucosa 
and an involvement of the cartilage, might leave a 
sensitized area capable of remaining active very 
slowly and progressively taking many years to 
develop the otosclerotic fixation similar to that 
which we have seen in tympanosclerosis? Efforts 
will be under way to investigate this potential in the 
near future. 


Collagen, Some of the more recent advances in 
the study of collagen are germaine to tympanoscler- 
osis. Characteristically, there is a large proliferation 
of connective tissue including amorphous ground 
substance as well as their fibrillar components such 
as collagen in tympanosclerosis. This is followed in 
a later stage by hyalinized degeneration in this 
tissue, and often calcification. The question arises, 
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Fig. 8. Diagram of some factors regulating the degradation of collager- (From Perez-Tamayo.** Reprinted with permis- 


sion.) 


why does the collagen accumulate to this extent 
following its immunologic activation? 


There are at present five different known types of 
collagen. Collagen is not a static substance; it is 
dynamic and acts as the ground substance. The de- 
velopment of large depots of collagen may be either 
induced because of increased collagen production, 
or decreased ability to remove it. The presence of 
collagen is not immutable. lt is not forever. It 
depends upon the type and degree of cross linkage 
that has taken place. The best example of this is the 
huge, thousandfold increase in collagen in the preg- 
nant uterus that lasts for nine months, and in about 
six months postpartum, the collagen and procolla- 
gen units are completely reabsorbed with only a 
small residual to suggest that the uterus had been 
pregnant. The removal of collagen is under many 
controls such as activators and inhibitors of colla- 


genase (Fig. 8). Svnthesized enzymes, hormones, 
and genetic facto.. us wel. 2 =e physical state of 
the collagen itself + > given time are part of the dy- 
names 


Perhaps tvympanosclerosis should likewise be in- 
1 ert j i eae Tae eee PEE S « ee 
cluded into the group of diseases with a deficiency 


ccllecen degradation such as cirrhosis of the 


liver, sulhsscuierm d osteopetrositis. These other 
deficiency str s have a. 27*¢7 bv Perez-Tam- 
E Ftar - .e€ ag „ation in 
on ose ` chai. teristics may 


de_ na: 


_ excessive collagen. 


Certainly, all infections produce an elaboration 
of ground substance which, if infiltrated with the 
proper cells, is capable of producing collagen in this 
matrix. Tiat scars involute, “hrink down and al- 
most disappear is part of the normal reparative pro- 
cess in most surgical observations. The medical 
management of such conditions as otitis media 
where infection crea’ :s considerable edema in the 


muccs@ or beneath it, is likewise resolved by the 
removal of these substances from the involved struc- 
tures ome the stimulation has ended. The biologic 
detai s the word resolve are considerable but are 
an impectant part of the reparative process. What is 
it that urns off the machinery for degrading the 
collage and returning the connective tissue to a 
more mrmal state? The fact that Perez-Tamayo” 
include scleroderma among these defieiency states 
makes ene strongly think that perhaps the immuno- 
logic reectivity that has occurred is capable of turn- 
ing o'f ne collagenase degradation system, thereby 
permitting the ground substance and its connective 
tissue e 2ments to remain and grow slowly without 
having he feedback circuit to tell this growth to 
stop as is usually found in normal inflammatory 
tissue mesolution. Activating or inhibiting the 
regulator for the fibroblast activity would account 
for the zontinuous alteration of a collagen. That 
disease: related to cellular immunity are capable of 
inter‘eming with enzymatic control of cellular 
systems ıs reasonable to imply from ather disease 
pathep-cysiologic processes. This general area cer- 
tainly quires a considerable amount cf considera- 
tion fos future investigation. 


The le of antitissue antibodies was studied by 
Konco = al” in scleroderma. Here lymphocytes can 
release = migration inhibition factor. Only T-lym- 
phocytes were found in the tissue. Lymphocyte me- 
diators ean stimulate collagen synthesis. They con- 
cluded :hat the local cell-mediated immune re- 
sponse may be a factor in scleroderma. Hughes et 
al% imclied that sensitized cytotoxic lymphocytes 
and a cecline of suppressor T-cells may be responsi- 
ble fer zn immune pathogenesis. 


The ology of the fibroblast and its secretory col- 
lager i= distinctly different in tissue culture from 
normal dermis and scleroderma, according to Bas- 
hey e&t = .” If the biology and the chemistry are dif- 





Fig. 9. This human EM picture shows the increased fibrous units together with calcification in the area marked C. RBC 
- Red blood cell; D - Double ring’structures; NM - Normal mitochondria. (x3000) 


ferent, that could mean that their potential and sus- 
ceptibility for cestruction are also altered. 


In discussing factors that may control collagen 
resorption, Reynolds et al! noted that there are 
many ways of controlling collagenolytic activity. 
Collagenases exist in active and latent forms. The 
latent form is intimately attached to the collagen 
and can be ac-ivated by trypsin or other protein- 
ases. They are activated by causing dissolution of 
the enzyme-inhibitor complex. The relative coneen- 
tration of these two components, collagenase and 
inhibitor, determine the site and extent of collagen 
resorption. This enzyme, collagenase, is synthesized 
under control of specific stimuli such as hormones, 


prostaglandens and lympokines. Polymorphonuc- 
lear leukocytes and inflammation can activate col- 
lagenase. 


Polymorphonuclear leukocytes attack collagen 
type 1, but not very much type 3. The fibroblast 
and macrophage release substances capable of at- 
tacking both collagen types 1 and 3. Changes dur- 
ing inflammation and healing of the relative pro- 
portions of types 1 and 3 collagen are controlled by 
the collagenase in the tissue, according to Horwitz 
et al.” 


Electron Microscopy. Until 1968 no electron 
microscope studies of note had been performed on 
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the TM. This was a banner year with the two ex- 
cellent papers by Lim?**? and the work of Johnson 
et al“ on the ultrastructure and the biochemical 
observations of the TM. Finally the work by Chang?’ 
on the EM studies of tympanosclerosis is charac- 
terized by degenerating mitochondria with elec- 
tron-dense masses in fibrocyte-like cells. Also, elec- 
tron-dense autophaged lysosomes and membrane- 
bound fragments are among the distended collagen 
bundles. This is much similar to what we have 
found in Figure 9 of human tympanosclerosis. It 
agrees with the animal model considerably. 


Friedman*? who has done much work on tym- 
panosclerosis, stated the following at the Sym- 
posium on Histopathology and Pathophysiology of 
the Middle Ear: “We have been unable to identify 
tympanosclerosis in experimentally produced infec- 
tion of the ear of the guinea pig, and these studies 
are to be renewed stimulated by this symposium.” 


With our model we have succeeded in inducing 
these changes in the tympanic membrane of the 
guinea pig consistent with tympanosclerosis. 


CONCLUSION 


An eamal model for tympanosclercsis has been 
develoved which involves immunologic manipula- 
tion. Tte TM is antigenic. Antibodies ean be made 
to fix ir he guinea pig TM when the local injury has 
occurred. This results in our model ef tympano- 
scleros=.. After sensitizing the guinea pig, a proper 
challerge to the TM elicited a response which fits 
intimaæly with the proposed theory of pathogenesis 
for tym zanosclerosis. 





Its implication to humans is that tympanoscler- 
osis is ææend state of abnormal healing response to a 
previoe !y sensitized tissue. The thecretical con- 
siderat«ns strongly suggest that the prolonged ac- 
tivity cf che process is an antigenic blocking of the 
control mechanism for fibroblastic activity. This in- 
volves #ither excess production or decreased de- 
structic a of the new collagen. 





Witt a better understanding of pathophysiology 
of any =isease process, the proper steps for altering, 
inhibit æg, or ameliorating this process can be made 
possibl = 
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I. MANUAL QUANTITATIVE ASSESSM=NT OF EYE-TRACKING 
PATTERNS 


YOSHIO UMEDA, MI? 


SAITAMA, JAPAN 


Quantitative assessment of the electronystagmogram of the eye-tracking test we-tracking pattern) was undertaken in 20 normal sub- 
jects and 70 patients with vertigo. The abnormal recordings, contrary to the norme , showed, in varying degrees, remarkable irregularities 
of eye speed. These irregularities appeared in the form of spikes on the electror~ssagmogram at the time constant of 0.03 second. We 
measured the height of the spikes using 40°/sec as a unit and added the units of sp. -es appearing during a nine-second period to obtain the 
total index. Total indices ranged from zero (normal) to 40 + (severely abnormal), =1 their values showed levels of abnormality in the eye- 
tracking pattern more accurately than the visual analysis in current use. 


INTRODUCTION 


The eye-tracking test, which consists of recording 
pursuit eye movements in response to a visual stim- 
ulus, is one of the most popular vestibular examina- 
tions in current use. In the analysis of the elec- 
tronystagmograms made in this test of eye-tracking 
patterns (ETP), however, no standardized methods 
of quantitative assessment are in general use except 
for two types of trial analyses using a computer.’ 
For the purpose of analyzing ETP recorded without 
the aid of a computer, a simple manual method is 
preferable. 


When compared to normal ETP, abnormal pat- 
terns are found to have irregularities of eye speed 
(Fig. 1, arrows). The author recently found that 
measurement of these spikes leads to a quantitative 
assessment of the abnormality of the ETP. 


METHODS 


SUBJECTS 


Twenty normal subjects and 70 patients with vertigo were 
tested. The details of the vertiginous conditions have been 
omitted. 


MOVING TARGET 


The subject was seated on a chair with the head mechanically 
fixed and asked to follow a moving target at a distance of 70 cm 
moving in a clockwise circle with a radius of 25.5 cm at a constant 
rate of 120°/sec. The horizontal component of the eye movement 
was presented in a sinusoidal curve of 0.33 Hz with a maximum 
displacement of 20° from the center. The maximum velocity of 
eye movement was 42°/sec.? 


RECORDING OF EYE MOVEMENTS 


Electronystagmograms of horizontal eye movements were 
made with electrodes fixed lateral to both outer canthi and to the 
forehead for a reference ground. The recording was undertaken 
with the aid of two electronystagmogram channels: the first for 
eye movement with the time constant of 3.0 seconds and the se- 
cond for eye speed with the time constant of 0.03 second. In order 
to obtain the calibration, 10° saccades, from a point 5° to one side 
of the primary position of the eyes to a point 5° to the other side, 
were recorded with an amplitude of 1 cm. The recording paper 
was fed at 1 cm/sec. 


From the Department of Otolaryngology, Saitama Medical School Hospital, Moro, Sai ama-ken, Japan. 


DATA A” aLYSIS 


ETP spkes can be assessed in two different manners, ie, by the 
frequenc ef the spikes or by their combined amplitude. The 
former matiod is not successful in that an ataxic pattern generally 
shows fewer spikes than a saccadic pattern, independently of the 
severity cf the disorder. For this reason, the author chose the lat- 
ter methee.. 


Detern. nation of Measurement Unit. The amplitude of 40°/sec 
was chosea as the unit for measurement. As shown in Figure 2a, 
after 10° cvibration was determined with the aid of an electrical 
circuit, th trace of the first channel was shifted to delta waves of 
1 Hz wita the amplitude of 20° calibration, ie, 2 cm in height. 
This shift -f the first channel brought the amplitude of the second 
channel t 40°/sec, which was made the basic unit for measuring 
the height-of the spikes. | 
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Fig L Eye-Tracking Pattern (ETP). The upper traces 
(first =aannel [1 ch]) show horizontal eye movement and 
the lower traces (second channel [2 ch]) show eye speed. In 
compa ing abnormal ETP with normal ones, we noted ap- 
paren irregularities of eye speed in the PA E paea i 
Meastæment of the spikes resulted in a quantitative assess 
ment > the abnormality of the ETP. The spike of the nor- `} 
mal EP (arrow) represents an occasional ie \ 
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Fig, 2. a) Determination of measurement unit. A - In order to obtain the calibration, 10° saccades were recorded with 
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ituce of 1 cm. B - With the aid of an electrical circuit, the trace of the first channel was shifted to delta waves of 1 Hz 
1e arplitude of 20° calibration, ie, 2 cm in height. This shift of the first channel brought the amplitude of the second 


channel to =0°/sec. C - 40°/sec was made the basic unit for measurement of the height of the spikes. b) Quantitative assess- 
ment of spies. Measurement of the height of the spikes was based on 40°/sec for one unit. In order to eliminate small spikes 
(less than 4@°/sec) they were assigned to index 0. Spike D was assigned to index 1 and spike E to index 3. 


Quantitative Asessment of the Spikes. The spikes were mea- 
sured from starting point to peak upward and downward (40° /sec 
represented one u iit) with a compass, as indicated in Figure 2. 
Small spikes of les=than 40°/sec, ie, those which did not attain the 
level of the first mit, were assigned to Index 0. The D spike in 
Figure 2b was ass gned to index 1, and the E spike to index 3. 


RESULTS 


METHOD OF ASSESSMENT 


The method of Figure 2 was applied to the assess- 
ment of spikes appearing on three sine waves. The 
total of the su nmed values of the spikes was made 


the total index. For clinical practice, contrasting 
ETP are shown in Figure 3; the left shows a slight 
abnormality and has a total index of 6, and the right 
ETP reveals a severe abnormality and has a total in- 
dex of 41. This measurement method enables us to 
assess ETP quantitatively. 


CLINICAL APPLICATION AND CLASSIFICATION OF 
ABNORMALITIES 

The total index was calculated for all 70 patients. 
For the purpose of double checking, the ETP were 
classified through visual impression, before the 
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Fig. 3. Method of assessment. The method of Figure 2 was ieee « the assessment of spikes appearing on three sine 
e totalindex. Left, an ETP with a slight abnormality and 


waves, and the total of the summed values of the spikes was made t 
total index of 6. Right, an ETP with a severe abnormality and total inde >f 41. The calibrations are shown by the vertical 


bars to the right of each tracing: 10° for the eye movement (upper bar:7; 40°/sec for the eye velocity (lower bars). 
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Fig. 4. Classification of abnormalities. Before the quantitative assesment, ETP were classified through visual impres- 
sion into four groups: a) Normal; corresponded to total indices of 0-3. b).| ghtly abnormal; corresponded to total indices of 


4-10. 
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Fig. 4. «Ccn’t) c) Moderately abnormal; corresponded to total indices of 11-20. d) Severely abnormal; corresponded to 


total indices of 21 or more. 


quantitative assessment, into groups: (—) normal, 
(+) slightly abnormal, (+ +) moderately abnor- 
mal, and (+ + +) severely abnormal. It was found 
that (—) correspcnded to total indices of 0-3 in 39 
cases, (+) to total indices of 4-10 in 17 cases, (+ +) 
to total indices of 11-20 in 9 cases, and (+ + +) to 
total indices of 21 or more in 5 cases. Here, the 
manual quanttative measurement of ETP was 
found to be suczessful. In the control group all ETP 
were normal, with total indices always below three. 


The total indices of all the cases were determined 
for spikes on three sine waves as shown in Figure 3. 
For want of space, however, only a part of each 
ETP is presented as a sample in Figure 4. 


ANALYSIS OF A PREVIOUS RECORDING 


Visual elassi-ications so far undertaken cannot 
clearly distinguish borderline recordings. Figure 5 
shows the influence of alcohol on the smooth pur- 
suit movement when 100 ml of whiskey was given to 
a normal subject and her ETP were subsequently 
recorded. This recording was undertaken three 


years ago. By the application of the method herein 
presented, even delicate changes of the ETP could 
be quantitatively analyzed. 


EXCEPTIONAL CASES TO QUANTITATIVE ASSESSMENT 


The author also analyzed abnormal ETP other 
than those of the subjects for this study, and found 
that the ETP in two different cases did not warrant 
a quantitative assessment. The first was the ETP of 
a patient with progressive supranuclear palsy (Steel 
syndrome) of late stage. In this case the pursuit eye 
movement was disturbed almost completely and the 
total index was below three. The second case was 
the ETP presenting ocular bursts with irregular 
pauses. In this case (Fig. 6), since the irregularly ap- 
pearing bursts (left record) were inconsistently su- 
perimposed on the ETP, the total index depended 
on the appearance of bursts. Moreover, as the spikes 
were not so high, the total index was relatively low 
for the severity of abnormality. 


As a consequence of these conditions quantitative 
assessment was not applied to one case of severe 
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ophthalmoplegia and another with burst eye move- 
ments. 


DISCUSSION 


QUANTITATIVE ASSESSMENT OF ETP 


So far as we know, the quantitative assessment of 
ETP has also been undertaken with the aid of a 
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Fig. 5. Application to clinical research: alcohol and ETP. ETP were recorded after 100 ml of whiskey was given to a 
normal subject. Here, even delicate changes of the ETP could be analyzed» t antitatively. Total index 0, before consumption 
of alcohol; total index 7, 10 minutes after consumption; total index 15, 20am nutes after consumption; and total index 23, 30 
minutes after consumption. 


comp_ter in two manners: 1) by measuring the de- 
lay of -be eye movement for target movement,' and 
2) by 2omputing 200 eye velocity samples per sec- 
ond.” hese methods are useful in that they can be 
applied when computer analysis is commonly uti- 
lized iə routine vestibular examinations. Until that 
time, -he manual method presented in this paper 
wil! be useful. 


p 
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Fig. 6. Exceptional case to ae assessment. In this case >esenting ocular bursts with irregular Ih left 


record: at forward gaze of opene 


eyes), a quantitative assessment of ET? was meaningless. 
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UNIT FOR MEAS JREMENT 


As there were too many spikes to deal with, such 
small spikes as appeared in nearly normal ETP had 
to be omitted. In determining the unit for measure- 
ment, easy handling of the electronystagmograms is 
a necessary condition. At present, the electronystag- 
mograph in this country contains an electrical cir- 
cuit of delta waves of 1 Hz. As mentioned previous- 
ly in Methods, the eye speed of 40°/sec is auto- 
matically obtained by means of the delta waves. 


If 20° or 30° -sec were to be used for the measure- 
ment unit, too many small spikes would be picked 
up and the total index would become enormous. 
Conversely, at the height of 60°/sec, significant 
spikes would be omitted; at the height of 50°/sec it 
would be difficult to distinguish a normal from a 
slightly abnornaal level. Consequently, 40°/sec is 
the most suitable unit for measurement. 


SPIKES ON THREE SINE WAVES 


ETP are rep-oductive, but the patterns of sine 
waves are not exactly reproduced. There are slight 
differences among them. For example, the ETP on 
the right side of Figure 3 presents indices of 11, 


15,and 15 for the first, second and third sine waves, 
respectively. The more sine waves assessed, the 
more accurate the data. However, it is not practical 
to measure spikes on so many waves. After trial 
measurements of two, three and four sine waves, it 
was found that the assessment of three took a mod- 
erate amount of time and the resultant total indices 
were moderate in number. 


REMAINING PROBLEMS 


Among the many reports on eye-tracking pat- 
terns, target speeds are not standardized. In the es- 
tablishment of a quantitative assessment method, 
the target speed must also be fixed in order to make 
a comparison of data from different clinics possible. 
This problem will be taken up in a subsequent paper. 


CONCLUSION 


As a method of quantitatively assessing ETP ab- 
normalities, the author suggests a manual measure- 
ment of irregularities appearing on the eye speed 
trace. The measurement was undertaken with the 
aid of a compass and the abnormalities were ex- 
pressed in numerals ranging from zero to 40 + . 
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II. STANDARDIZATION OF THE EYE-TRACKING TEST 


YOSHIO UMEDA, MD 


SAITAMA, JAPAN 


Standardization of the eye-tracking test, especially of the target velocity, is required for the purpose of comparing abnormalities of 
eye-tracking patterns recorded in different clinics. In consideration of the result: of several good reports on target velocities, we have the 
following remarks: 1) The maximum velocity of a target which normal subjects can follow without delay of the eye movement is about 
20°/sec. 2) When pursuit eye movements of normal subjects are registered with te aid of an electronystagmograph, the eye-tracking pat- 
terns will remain normal at target velocities of up to 45°/sec. 3) In order to detect abnormalities of pursuit eye movement with the aid of an 
electronystagmograph, the target velocity should be as fast as possible, but not eseeding 45°/sec. As an instrument for the examination of 
pursuit eye movements, for reasons outlined in the text, the Umeda circular eye-tracking test apparatus (amplitude 40°, frequency 0.33 
Hz, and target velocity 42°/sec) is ideal. The target amplitude and technical preblems in making the apparatus also are discussed. 


INTRODUCTION 


In a previous paper, the author reported a manu- 
al method of quantitative assessment of eye-track- 
ing patterns and emphasized the importance of the 
standardization of the eye-tracking test." A com- 
parison of abnormalities of eye-tracking patterns 
recorded in different clinics or countries will be 
made possible by the standardization of target ve- 
locity. 


EYE-TRACKING TEST IN CURRENT USE 


The upper part of Table 1l indicates the diversity 
of target movements that have been used in eye- 
tracking tests with the aid of an electronystagmo- 
graph (ENG). In the seven reports shown,”-* ampli- 
tudes range from 15° to 60° and frequencies from 
0.3 Hz to 0.5 Hz. Under these conditions, the max- 
imum velocities of the targets produced a range 
from 24° to 63°/sec. For clarification, maximum 
velocities of sine wave targets in relation to ampli- 
tude and frequency are shown in Figure 1. 
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Fig. 1. Amplitude, frequency and maximum velocity. 
When the target moves in a sine wave, maximum velocity 
depends on frequency and amplitude. For the eye-tracking 
test with the aid of an electronystagmograph, maximum 
velocity should not exceed 45°/sec of visual angle. 
Velocities of over 45°/sec are shadowed. Numerals indicate 
maximum velocities in degrees/sec. 


In tkis paper, velocities are presented in degree 
per second of visual angle, and when the target 
moved in a sine wave, the approximate value of 
maxim am velocities was calculated by the follow- 
ing formula: m (3.14) x amplitude (degrees) x fre- 
quency (Hz). Fractions of 0.5 or more are rounded 
to one unit; those smaller than 0.5 are dropped. 
One-thrd Hertz is presented as 0.33 Hz, but 0.333 
Hz was used in the actual calculation. 


DIS CUSSION OF THE MAXIMUM VELOCITY 


In 1£30 Dodge et al’ (Table 1) analyzed the slow 
phase 3f optokinetic nystagmus, and eye move- 
ments were recorded photographically. They re- 
ported that smooth pursuit eye movements were 
maintaned as long as target velocities were less 
than 4(°/sec. The slow phase of optokinetic nystag- 
mus ccasists of two steps, the first to catch the 
stimulus immediately after the quick phase of opto- 


TAB_E 1. MAXIMUM VELOCITY OF THE MOVING 


TARGET* 
Max. 
Amplitude Frequency Velocity 

Author __Year__(degrees) (Hz)  (degrees/sec) 
Jung’ 1964 60 0.3 Bi 
Benitez? 1970 40 0.5 63 
Troost’ 1972 40 0.3 38 
Corvera 1973 20-15 0.5 24-31 
Holzman® 1973 20 0.5 31 
Umeda’ 1975 40 0.33 42 
Shagass® 1976 20 0.4 25 


Max. velocity 
of the target should 


Dodge’ 1930 40° /sec 
Westhei mer'® 1954 } Not exceed { 30° /sec 
Noorder*' 1962 45°/sec 
Robinsoa”? 1965 Be between 5°-20°/sec 
Baloh” ee text 1976 


*Thereare several well-analyzed fundamental reports on target velocity 
(lower pet of the table). In practice, however, velocity and mode of target 
movemer= are not yet standardized. As a result a diversity of maximum 
target ve cities was found (upper part of the table). 


From the Department of Otolaryngology, Saitama Medical School Hospital, Moro, Saitama-ken, Japan. 
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kinetic nystagmus, and the second to follow the 
stimulus. These two sorts of eye movement were 
conducted in the short time of less than one second. 
On the other hand, actual movement of the target 
in the eye-tracxing test continues for a relatively 
long time, usually for more than ten seconds. 
Therefore. use of the slow phase of optokinetic 
nystagmus is mot appropriate for analysis of the 
pure function of smooth pursuit eye movements. 


In 1954, Westheimer’? used a target making a 
horizontal sine wave and recorded eye movements 
photograp tically. His experiment led to the conclu- 
sion that a target at a velocity of more than 30°/sec 
could not >e followed. 


In 1962, von Noorden and Mackensen’ performed 
experimen:s with normal subjects with the aid of 
ENG. The target made a sine wave at an amplitude 
of 30° with frequencies ranging between 0.25 Hz 
and 1.6 Hz. Under these conditions, maximum ve- 
locities ranging from 24° to 151°/sec were pro- 
duced. They concluded that the maximum velocity 
should no: exceed 45°/sec for smooth pursuit by 
normal adult subjects. 


The difference between the results of Westheimer 
(30° /sec) and ven Noorden and Mackensen (45° /sec) 
was due to different methods of analysis. West- 
heimer used an eye camera and von Noorden and 
Mackenser. used ENG. With the eye camera, abnor- 
malities could 5e analyzed with the precision of 
0.005 secoad as a unit of time. On the contrary, in 
the currert eye-tracking test using ENG, abnor- 
malities are analyzed by visual judgment of the 
deformation of eye-tracking patterns with a time 
constant o: one second or more. This long duration 
of the time conszant results in decreased precision in 
the analys s. 


In 1965. more accurate data were described by 
Robinson. ? He used the “method of a scleral search 
coil in a magretic field” and reported that one 
could not follew a target without delay of eye 
movement at velccities of more than 20°/sec. 


In 1976, Baloh et al’? made an excellent study 
with the a:d of « computer. In this experiment, they 
used a target moving in an amplitude of 36.5° at a 
constant velocity. For frequencies of 0.1, 0.3, 0.5, 
0.7 and 0.9 Hz, velocities of 7.3°, 21.9°, 36.5°, 
51.1° and 65.7°/sec respectively, were recorded. 
The analysis was carried out with 200 samples com- 
puted for one second of pursuit eye movements, eg, 
appropriate analysis revealed the following: 


1. Normal subjects could follow a target moving 
at the velccity of 21.9°/sec without delay. 


2. A target with a low velocity of 7.3°/sec could 
be followed both by normal subjects and patients. 
At such lew ve ocity, however, patients could not 
be checked. When the targets moved at high veloci- 
ties, such as 5..1° or 65.7°/sec, normal subjects 


could not follow them smoothly, and eye speed 
could not be kept constant. 


3. Asa result, a clear distinction between normal 
subjects and patients was made when the targets 
moved at the velocities of 21.9° and 36.5°/sec. 
Moreover, the distinction between subjects was 
clearer at the higher velocity. The faster the target 
moved, the more precisely the abnormality was dis- 
closed. 


These reports made by our predecessors led us to 
the following conclusions: 


1. The maximum velocity of a target that normal 
subjects can follow without delay of eye movement 
is about 20°/sec. 


2. When pursuit eye movements of normal sub- 
jects are recorded with an ENG, the eye-tracking 
patterns remain normal at target velocities of up to 
45° /sec. 


3. In order to detect abnormalities of pursuit eye 
movement with an ENG, the target velocity needs 
to be as fast as possible, but not in excess of 45°/sec. 


MODE OF TARGET MOVEMENT 


As a mode of target movement, a sine wave has 
been commonly used. But Baloh et al emphasized 
that a constant velocity target would be ideal. On 
the other hand, Takemori and Ueno” reported that 
a target drawing an arc was easier to follow than 
one moving horizontally. 


Since 1975, the author has been using the circular 
eye-tracking test apparatus for the analysis of pur- 
suit eye movements.’ In this test, the target moves 
in a clockwise circle (ie, linking arcs) with a radius 
of 20° (40° in amplitude) at a constant velocity with 
a frequency of 0.33 Hz. These conditions produce a 
constant velocity of 42°sec for the target, which 
meets von Noorden and Mackensen’s recommendation 
that the maximum velocity should not exceed 
45°/sec. Moreover, horizontal and vertical eye- 
tracking patterns can be recorded simultaneously 
with this apparatus. These advantages led us to con- 
clude that the circular eye-tracking test possesses 
the ideal target movement for the analysis of 
smooth pursuit function. 


METHODS 


Velocities of 21° and 42°/sec. In order to confirm the conclu- 
sions mentioned at the end of the section, Discussion of the Maxi- 
mum Velocity, we performed the circular eye-tracking test on 30 
patients and 13 normal subjects (Fig. 2a) with the targets moving 
at velocities of 21°/sec (amplitude 20°, frequency 0.33 Hz) and 
42°/sec (amplitude 40°, frequency 0.33 Hz). The analysis was 
made on the horizontal component. The horizontal component of 
the circular eye-tracking test with a constant target velocity of 
42°/sec is equivalent to a horizontal sine wave with a maximum 
velocity of 42°/sec. 


The velocity of 42°/sec was chosen for the following reason. 
For standardization of the eye-tracking test, amplitudes and fre- 
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quencies should be presented in simple numerals (Fig. 1). Among 
the maximum velocities the velocity closest to but not exceeding 
45° /sec was 42°/sec. 


For comparison, 21°/sec was selected because it is closest to 
20°/sec, which is the theoretical value of the velocity at which 
normal subjects can follow without delay of the eye movement. 
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Fg. 2. a) Velocities of 21° and 42°/sec. Upper figure: 
amplitude of 40° (radius 20°), frequency of 0133 Hz, and 
target velocity of 42°/sec. Lower figure: amplitude of 20° 
(raGius 10°), frequency of 0.33 Hz, and target velocity of 
21° see. b) Analysis of 18 cases with a uoil eye-tracking 
patterns. In the present study, abnormality could not be 
clearty detected at a velocity of 21° /sec (left). But when the 
target moved at 42°/sec, the abnormality appeared quite 
clearly (right). Numerals are total indices which indicate 
leves of abnormality. * - In three cases total indices 
chaaged from 0 at 21°/sec to 4 at 42°/sec, and in two cases 
indies changed from 2 to 19. c) Representative cases. 


With this test, in 18 of 30 patients whose pursuit function was 
disturbed, abnormalities of the eye-tracking pattern were more 
evident:at 42° than at 21°/sec. Comparative results are shown in 
Figure 2b. Total indices' represent the quantitative assessment of 
levels of abnormality. 


The sursuit function of normal subjects was not disturbed at 
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either velocitv. Their total indices were within normal limits 
(three or less). It was ir teresting that the total indices determined 
at a velocity of 42° sec had a tendency to present higher values 
than those determired at a velocity of 21°/sec (in seven normal 
subjects the total incex was 0 at 21°/sec and 0 at 42°/sec; in three 
subjects it was 0 at 21°/sec and 1 at 42°/sec; in two subjects it was 
0 at 21°/sec and 2 a> 42°/sec; and in one normal subject the total 
index was 1l at 21°/sc and 3 at 42°/sec). 


AMPL 40° 
FREQ 0.33. 


AMPL 27° 
FREQ 0.5. 


Fig. 3. a) 42°/sec with different amplitudes, 27° and 
40°. 42°/sec with an amplitude of 40° and frequency of 
0.33 Hz (upper figure) and with an amplitude of 27° and 
frequency of 0.5 Hz (lower figure). b) At the velocity of 
42°/sec, abnormality could be more readily detected at the 
amplitude of 40° (right) than at 27° (left). * - In two cases, 
total indices changed from 0 (amplitude of 27°) to 5 (am- 
plitude of 40°) and in two other cases indices did not 
change (4 with both amplitudes). c) Representative case. 
The upper record was the horizontal component of the cir- 
cular eye-tracking test, with an amplitude of 40° and fre- 
quency of 0.33 Hz. The lower record was that with an am- 
plitude of 27° and frequency of 0.5 Hz. Numerals indicate 
total indices. The palibbations correspond to those in Fi 
2b. In the eye-tracking pattern with an amplitude of 2 
and frequency of 0.5 Hz, the total index was determined 
for the spikes appearing during nine seconds, ie, the dura- 
tion which corresponds to three sine waves with a frequen- 
cy of 0.33 Hz. 


o 


Velocity of 42°/sec with Different Amplitudes. As shown in 
Figure 1, identical values of maximum velocity can be produced 
with different amplitudes and frequencies. The. circular eye- 
tracking test was administered to seven normal subjects at the 
velocity of 42°/sec with different amplitude-frequency combina- 
tions: amplitude 27°, frequency 0.5 Hz; amplitude 40°, frequen- 
cy 0.33 Hz; and amplitude 54°, frequency 0.25 Hz. Many sub- 
jects complained of the annoyance of following a target moving 
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Fig. 4. The circular eye-tracking test. The first trace shows the electsarystagmogram of the horizontal component of eye 
movement (time constant: 3.00 sec), and the second trace shows a cifswentiated electronystagmogram of the first trace, 
presenting the velocity of eye movement (time constant: 0.03 sec). Theth: ac trace shows the electronystagmogram of the ver- 
tical component of eye movement (time constant: 3.00 sec), and the foart trace shows a differentiated electronystagmogram 
of the third trace, presenting the velocity of eye movement (time cons:« rt: 0.03 sec). Numerals indicate total indices. H 


-Horizontal component mainly disturbed (a case of horizont 


congenite nystagmus). V - Vertical component mainly dis- 


turbed (a case of early-stage Arnold-Chiari malformation with vertical a:tagmus). H + V - Horizontal and vertical com- 
ponents both disturbed (a case of late-stage Arnold-Chiari malformatien. fter the decompressive operation, without vertical 


nystagmus). 


with an amplitude of 54°, ie, the visual angle of 27° to all lateral 
directions, though their eye-tracking patterns were almost nor- 
mal. For this reason the amplitude of 54° was excluded in our 
research. 


With the conditions of 27° and 40° in amplitude (Fig. 3a), the 
circular eye-tracking test was given to 30 patients, 20 of whom 
presented abnormal eye-tracking patterns. In seven abnormal 
cases, differences between the abnormalities detected under these 
two conditions were slight; the differences in total indices were 
three or less. In 13 cases, abnormalities were more evident with 
an amplitude of 40° and frequency of 0.33 Hz than with an 
amplitude of 27° and frequency of 0.5 Hz; differences in total in- 
dices were four or more (Fig. 3b). These analyses were also made 
on the horizontal components of the circular eye-tracking test. 
Figure 3c shows a representative record in which the level of ab- 
normality was higher at 40° than at 27°. 


Consequently, in the circular eye-tracking test the target 
amplitude should be as great as possible up to 54°, at which pur- 
suit is annoying for the subject. 


Technical Problems. In order to compare eye-tracking patterns 
in different clinics or countries, the amplitude, frequency and 
mode of movement of a target must be standardized. Moreover, it 
is desirable that an apparatus be simple and inexpensive. 


When a visual target of the circular eye-tracking test is set 70 


cm in fat of the subject, the diameter of the circle increases in 
proporééea to the amplitude: 27° im amplitude, 34 cm in 
diamet= ;40° in amplitude, 51 cm in diameter; 54° in amplitude, 
71 cm w diameter. A larger amplitude makes the apparatus big- 
ger, an Jie bigger apparatus needs a more powerful motor. On the 
other hend, the time required for one rotation of the motor (cir- 
cle) comaats of seconds: 2 seconds (0.5 Hz), 3 seconds (0.33 Hz), 
and 4 sends (0.25 Hz). 


The “lowing conditions produce the velocity of 42°/see: 

1. 2" in amplitude, 0.5 Hz in frequency, 34 cm in diameter; 
2. 4# _ 0.33 Hz, 51 cm; 

3. 5- 0.25 Hz, 71 cm. 


Cene tions with the amplitudes 27° and 54° should be ex- 
cluded Zər the reasons mentioned in the preceding section. Thus, 
target x<<wement at an amplitude of 40° with frequency of 0.33 
Hz, wk corresponds to the velocity of 42°/sec resulting from 
the Um«ca circular eye-tracking test, is ideal. Figure 4 shows 
represexzative recordings made by this test. 








CONCLUSIONS 


Wiz the aim of standardizing the eye-tracking 
test, @ « author has reviewed the literature and his 
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own experiments. From this, it follows that the tar- 
get velocity in the eye-tracking test with the aid of 
an ENG should be as fast as possible up to 45°/sec. 


nm amnia. anim Wa 


For reasons noted, the circular eye-tracking test 
(amplitude 40°, frequency 0.33 Hz, and velocity 
42° /sec) meets this requirement ideally. 
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THYROID DISEASE: A GUIDE FOR THE HEAD AND NECK SURGEON 


ROBERT M. BUMSTED, 4D 


Iowa City, lowa 


Head and neck surgeons are involved in the diagnosis and therapy of thyrz € disease with increasing frequency. The surgical tech- 
niques utilized for the management of thyroid disease are well known by mest.ead and neck surgeons and will not be discussed in this 
paper. It is the head and neck surgeons’ knowledge of the physiology, medieal disorders, and the proper evaluation of the patient with 
thyroid disease that is most open to criticism. This paper reviews thyroid physiolegy., basic tests used to assess thyroid function in health and 
disease, thyroiditis, thyroid carcinomas, and nodules of the thyroid gland. The :2s, symptoms, laboratory findings, and the methods of 
medical and surgical therapy are discussed for each of these disorders. The supplement is not intended to provide expertise, but will provide 





a general and basic knowledge of thyroid disease. 


INTRODUCTION 


Otolaryngologists (head and neck surgeons) are 
involved in the diagnosis and therapy of disorders of 
the thyroid gland with increasing frequency. This is 
a natural extension of their expertise in the surgical 
management of disorders of the head and neck. Sur- 
gical procedures are frequently performed by 
otolaryngologists in the area of the thyroid gland 
during operations on the larynx and trachea. In ad- 
dition, their ability to perform standard or 
modified neck dissections cannot be disputed. Con- 
sequently, the otolaryngologist’s knowledge of the 
surgical anatomy in this area should be commen- 
surate with that of any other surgical specialty. 


Vocal cord paralysis and airway problems are 
among the most common complications of opera- 
tions performed on the thyroid gland. The 
otolaryngologist is the most adequately trained 
specialist to manage these complications. 


It is the otolaryngologists’ knowledge of the 
physiology of the thyroid and medical disorders that 
involve this gland that is most open to challenge in 
their role in the management of patients with thy- 
roid disorders. This paper is not intended to provide 
expertise, but a general knowledge of thyroid 
physiology, thyroiditis, thyroid carcinoma, and the 
management of nodules of the thyroid gland. The 
management of hyperthyroidism and hypothy- 
roidism is discussed in standard texts and will not be 
covered here. This paper will be valuable as a basic 
foundation, should the interested reader decide to 
pursue the subject in depth. 


THYROID PHYSIOLOGY 


This discussion of thyroid physiology is not com- 
prehensive, but the basic parameters are presented. 
The mechanism and control of thyroid hormone 
production and its known effects will be discussed. 


The production and secretion of thyroid hor- 


Mee eter 


mones i: influenced primarily by the thyroid gland 
itself, be pituitary gland, and the hypothalamus. 
Thyrodd hormones are produced and secreted by the 
thyroiz gland. This is completely controlled by the 
leve! c: thyroid stimulating hormone (thyrotropin, 
TSH) #nich is produced and secreted by the baso- 
phil cslis of the anterior portion of the pituitary 
gland. The hypothalamus also plays a role in the 
secret nm of TSH. Thus, the adequate functioning of 
all thes== parameters is necessary for normal thyroid 
gland nction. Diseases producing an abnormality 
of any x these factors may cause abnormal thyroid 
gland nction (Fig. 1). 


The grimary hormones secreted by the thyroid 
gland are tetraiodothyronine (T,, thyroxine) and 
triiodc: kyronine (T;). These compounds are formed 
by the addition of iodide ions to the amino acid 
tyrosir.s. Iodine is selectively trapped by the thyroid 
gland: however, this is under the total control of 
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TSH. Once formed, these hormones are stored as 
thyroglobulin which is the main component of col- 
loid found in the thyroid follicle. Release of these 
hormones into the circulation is caused by the ac- 
tion of proteolytic enzymes on thyroglobulin, again 
under the complete control of TSH. 


These hormones are essential for normal 
metabolic function, the development of the body 
and brain, reproduction, and retardation of some 
aspects of aging.’ Presently, many authorities feel 
that T, is a prohormone and the active cellular hor- 
mone is T;. T, is apparently converted to T, in 
peripheral tissues in order to exert its effect.? Except 
in unusual cases, the concentration of circulatory T; 
is quite low relative to T,. In addition, cate- 
cholamines may be required for the expression of 
many of the effeczs of thyroid hormones.’ 


In serum, thyroid hormones are bound te three 
circulating serum proteins: thyroxine-binding glob- 
ulin (TBG), thyroxine-binding prealbumin (TBPA), 
and thyroxine-binding albumin (TBA). Ap- 
proximately 75-80% of the hormones are bound to 
TBG and it is the major determinant of the normal 
serum levels of T, and T,.? The small fraction of 
hormone which is not bound to protein is called the 
free fraction and is presumably the metabolically 
active hormone. Thyroxine (T,) is 99.97% bound to 
serum proteins in the blood.* Triiodothyronine (T3) 
is much less tightly bound to plasma proteins than 
T, (99.66%), but binding is still a significant factor 
in determining circulating levels of Ts. 


Two main factors determine the concentration of 
circulating thyroid hormone. The first is the leve! of 
thyroid hormone production and the second is the 
concentration of thyroid hormone binding proteins. 
It is recognized that it is not the total, but the free or 
unbound thyroid hormone concentration which 
best correlates with thyroid status. 


Thyroid stimulating hormone (TSH) controls 
iodide uptake, thyroid hormone production and 
release by the thyroid gland. The production and 
release of this anterior pituitary hormone is con- 
trolled by a negative feedback mechanism of the 
blood levels of thyroid hormone and thyrotropin 
releasing hormone (TRH) from the hypothalamus. 
This hormone (which cannot be measured in serum 
by a routine clinical method at this time) appears to 
sensitize the pituitary gland to the negative feed- 
back inhibition of circulating thyroid hormones.* 


A deficiency of thyroid hormone production may 
result from disorders in any of the above areas. 
Diseases of the thyroid gland itself result in primary 
hypothyroidism. Secondary hypothyroidism is caused 
by a lack of production of TSH by the pituitary, and 
tertiary hypothyroidism is secondary to a disorder 
of the hypothalamus. This deficiency in fetal or 
neonatal life results in cretinism while onset at an 
older age produces hypothyroidism. 


TABLE 1. THYROID FUNCTION TESTS 


A. Serum thyroxine (T,) 
l. Protein-bound iodine (PBI) 
2, Competitive protein binding displacement 
3. Radioimmunoassay 


. Serum triiodothyronine (T) — radioimmunoassay 
. Thyroid binding globulin (TBG) — T, uptake 
. Thyrotropin (TSH) — radioimmunoassay 


Oo W 


Thyroid scan and uptake 
. Thyroid antibody tests 
. Ultrasonography 


Am my 


e. 


. Other tests of thyroid function 
1. Cytomil (T;) suppression test 
2. Thyrotropin-releasing hormone test 


Classically, cretinism causes dwarfism, mental 
retardation, failure to thrive, enlarged tongue, um- 
bilical hernia, thick and dry skin, hyporeflexia, and 
retarded bone age. Adult hypothyroidism is typical- 
ly manifest by cold intolerance, dry skin, constipa- 
tion, weight gain, hair loss, fatigue, retarded men- 
tation, and a slow reflex relaxation phase. Common 
otolaryngologic manifestations include thyroid 
gland enlargement, hearing loss, hoarseness, 
enlarged tongue, and nasal obstruction.’ 


The most common causes of primary hypothy- 
roidism are lymphocytic (Hashimoto’s) thyroiditis 
and radioiodine therapy of thyrotoxicosis. Secon- 
dary hypothyroidism is caused by pituitary dis- 
orders such as neoplasia, granulomas or infarction. 
Tertiary hypothyroidism is rare. 


Excessive production of thyroid hormones results 
in hyperthyroidism. Common signs and symptoms 
include fatigue and weakness, tachycardia, weight 
loss with increased appetite, a fine tremor, heat 
intolerance, excessive sweating, brisk reflexes, and 


lid lag. 


The most common cause of hyperthyroidism is 
Graves’ disease which is most likely caused by a 
disturbance of the immune system. Ophthal- 
mologic disorders (most commonly proptosis) are 
frequently associated with Graves’ disease. Other 
causes of hyperthyroidism include an autonomous 
toxic nodule, subacute thyroiditis, pituitary tumors 
(secreting TSH), excessive thyroid hormone inges- 
tion and rarely tumors secreting TSH-like hormones 
or hypersecretion of triiodothyronine (T;) by the 
thyroid (T; toxicosis) .’ These patients have the signs 
and symptoms of hyperthyroidism with normal thy- 
roxine and elevated triiodothyronine levels. 


THYROID FUNCTION TESTS (TABLE 1) 


A. AND B. QUANTITATION OF SERUM THYROXINE (T,) 
AND TRIIODOTHYRONINE (T;) 


1. Protein-bound iodine (PBI) is the classical 
method used for evaluation of circulating thyroid 


hormone. This is a nonspecific test as two thirds of 
the T, molecule is iodine and in normal subjects 


THYROID DISEASE AND HEAD AND N®CK SURGEON 3 


80-90 % of the PBI is T4. However, values are often 
falsely high secondary to iodine contamination from 
medications containing iodine (expectorants, etc), 
radiopaque contrast media, and others. This test is 
still useful for specific problems in thyroid disease 
such as Hashimoto’s or subacute thyroiditis, where 
thyroidal iodoproteins are present in the circulation 
in increased amounts. However, it is now largely 
surpassed by more specific tests. 


2. The competitive protein binding displacement 
assay (Murphy-Patee) is performed by determining 
the amount of displacement of a radioactive labeled 
T, from a relatively specific binding protein caused 
by T, in an ethanol extract of the patient’s serum. 
The more T, present in the patient’s serum the more 
the labeled T, is displaced from the binding protein. 
It is the size, shape, and charge of the T, molecule 
rather than its iodine content which provide the 
response in this test. It is more specific than the PBI 
test. 


3. Radioimmunoassay is the most recent advance 
and is based on the same principle as the competi- 
tive protein binding assay.’ It is extremely sensitive 
and very small quantities (2.5 to 25 pl of serum are 
required) may be used for this assay. This method is 
also utilized for the determination of T3. 


C. ASSAY OF THYROID BINDING GLOBULIN (TBG) — T; 
UPTAKE 


The amount of circulating TBG is indirectly 
evaluated by the resin uptake test. In this test, 
radioactive T, or T, is added to the patient’s serum 
and mixed. A resin sponge is then added to the mix- 
ture which absorbs the unbound fraction of the ra- 
dioactive T; or T4. The amount of labeled hormone 
bound to serum proteins is directly proportional to 
the concentration of unoccupied TBG binding sites; 
the more sites available, the smaller the quantity of 
the added labeled hormone absorbed to the resin, 
and, as usually reported, the lower the value. The 
resin uptake is a direct reflection of the fraction of 
the added labeled hormone that is free (nonbound) 
and is, therefore, lower in patients with TBG excess 
and higher in patients with TBG deficiency. TBG 
excess results in an elevated serum hormone concen- 
tation but a lower resin uptake. The opposite is true 
of TBG deficiency. 


Analyzing the level of serum T, and T; in relation 
to the T; uptake gives the most accurate assessment 
of thyroid function. Multiplication of these two fac- 
tors (hormone levels and resin uptake) reflects the 
actual free (metabolically active) hormone concen- 
tration. This is frequently called the free thyroxine 
index or T;. 


Causes of increased TBG (which will increase 
serum levels of T; and T, and decrease resin uptake) 
include pregnancy, oral contraceptives, excess es- 
trogens, cirrhosis (sometimes), infectious hepatitis 


(sometames) and occasionally an inherited condi- 
tion. Causes of decreased TBG (which decreases 
levels c T, and T, and increases the resin uptake) 
include androgens, acromegaly (sometimes), neph- 
rotic syidrome, hypoproteinemic states, and occa- 
sionall » an inherited deficiency. 


D. ASSF™ OF THYROTROPIN (TSH) 


TSE measurement by radioimmunoassay is now 
availame and is useful in detecting early hypo- 
thyroietisrn secondary to thyroid gland dysfunction. 
In fact. it is the most sensitive test available for the 
detect #n of primary hypothyroidism. TSH is readi- 
ly anc reproducibly detectable at elevated levels 
(whick are seen in early hypothyroidism secondary 
to tkyəid dysfunction); however, it is impossible to 
differeatiate low values from normal values and 
therefore the test is only used to diagnose 
hypot #yroidism. TRH may be measured in the ser- 
um or an experimental basis but is not available at 
this tine as a routine laboratory test. 


E. TH® 201D SCAN AND UPTAKE 


Thr-oid scanning is usually used to determine if 
funetæn of the thyroid gland is due to a diffuse or 
localized increase in function and if the functional 
activicy of a single or dominant thyroid nodule is 
“cold” (does not concentrate radioactive material), 
“hot” (concentrates radioactive material) or 
isofuretional (concentrates similarly to the rest of 
the gand). The incidence of malignancy is much 
greats: in a cold nodule. 


Rasioisotope tests of thyroid function are com- 
monle performed with '"I, '1, and "Te. ‘PI is 
preferred to '*'I as the radiation dose is lower. °” Te 
provizes the lowest radiation dose of the above 
isotopes and is used primarily for determining func- 
tionæ activity of thyroid nodules rather than glan- 
dular uptake. In addition to a lower radiation ex- 
posue, the scan may be performed within an hour 
after njection rather than the following day as re- 
quired by the iodine isotopes. A disadvantage of this 
isoto 22 is that an occasional nodule appears “hot” 
with sechnetium which is “cold” on iodine scan.‘ 
Other isotopes reported include Se, “Ga, '’Hg, 
and “’"Tc-bleomycin. However, frequent devia- 
tions ‘rom the results of iodine scans markedly limit 
their specificity and usefulness. 


Tte thyroid uptake test measures the capacity of 
the *ayroid gland to accumulate iodine. The pri- 
mar” problem (which has arisen recently) with the 
intempretation of the results of this test has been the 
apperent decrease in the normal range for the 24- 
hour uptake of iodine. This apparently reflects an 
increase in the average dietary ingestion of iodine in 
the United States. As a result of this, discrimination 
betw2en hypothyroid and normal ranges has be- 
come: very difficult. Causes of decreased uptake are 
hypechyroidism, ingestion of substances containing 
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iodine, ingestien of thyroid hormone, TSH deficien- 
cy, and the use-of medications which inhibit organi- 
fication of iod ne (tolbutamide, reserpine. phenyl- 
butazone, para-aminosalicylic acid, and antithy- 
roid agents). Elevated uptakes are seen in patients 





with hyperthywoidism and iodine deficiency. At the 
present time tais test is useful only for detecting 
thyroid hyperfenction. 





The tanned red cell agglutination method is a 
sensitive test for detecting thyroglobulin antibodies. 
Low titers (less than 1:1000) are seen in a variety of 
thyroid disorders such as Graves’ disease, thyroid 
cancer, or acu:e thyroiditis. High titers (greater 
than 1:10,000) are seen in over 90% of patients 
with autoimmu.e (Hashimoto's) thyroiditis. This is 
the most sensitive test to demonstrate thyroglobulin 
antibodies. 


Another method of detecting thyroid antibodies 
is to measure antithyroid microsomal antibodies by 
a complement fixation test. Titers of greater than 
1:64 support a diagnosis of autoimmune thyroiditis. 
This is seen in 983% of patients with this disorder. 


Other antibodies demonstrated in patients with 
thyroid disease nclude an antibody against a col- 
loid component other than thyroglobulin and an 
antinuclear com onent. 


All of the above antibodies are generally present 
in high titer in F.ashimoto’s thyroiditis, but may be 
seen in low levels cf Graves’ disease, asymptomatic 
relatives of patieats with Graves’ disease and Hashi- 
moto’s thyroiditis, thyroid cancer, and in some ap- 
parently normal persons, '° 


G. ULTRASONOGFAFHY 


Nodules of the thyroid may be evaluated by 
ultrasound techriques to differentiate solid from 
cystic lesions. Th-s is an easily performed, noninva- 
sive technique waich provides accurate differentia- 
tion of solid and cystic lesions in the 80-90% of le- 
sions,''!? This prevides additional information (and 
confirmation of phvsical findings) which is impor- 
tant in the management of nodules of the thyroid. 


H. OTHER TESTS CF THYROID FUNCTION 


The cytomil (T,) suppression test is performed by 
treating the patient with 75 yg of cytomil per day 
for one to two weeks and then performing a scan. 
This test is used primarily to determine if a hyper- 
functioning thyroid gland or nodule is autonomous 
(functioning independently of TSH). The radioiso- 
tope uptake of a ncrmal or nonautonomous gland 
will be suppressed while autonomous glands and 
nodules continue to concentrate radioactive 
iodine." 


The thyrotropiw-releasing hormone test involves 


TABLE 2. CLASSIFICATION OF THYROIDITIS* 


AEC mA YC A HARRY Al i mi rd epar AR E AA AA A A herria a a aa ana a e/a 


A. Inflammatory thyroiditis due to known agents 
1. Infectious 
a. Acute 
b. Chronic 
2. Thyroiditis secondary to other agents 
a. Trauma 
b. Radiation 
B. Inflammatory thyroiditis due to unknown agents 
1. Subacute (deQuervain’s) 
2. Invasive fibrous (Riedel’s struma) 
C. Autoimmune thyroiditis 
1. Struma lymphomatosa (Hashimoto's) 
2. Lymphocytic 
* Adapted from Strahan et al.'* 


the intravenous administration of TRH and measur- 
ing the response of the serum TSH 30 minutes later. 
TRH is a tripeptide which has been purified and 
synthesized. Patients with primary (thyroid) hypo- 
thyroidism have elevated TSH levels and are hyper- 
responsive to TRH. Secondary (pituitary) hypo- 
thyroidism has essentially no response to TRH. Ter- 
tiary (hypothalamic) hypothyroidism demonstrates 
a mild and delayed response. Thus, this test allows 
the determination of the source of hypothyroidism. ' 


THYROIDITIS (TABLE 2) 


Thyroiditis in its present usage includes diseases 
of the thyroid gland known to be caused by infec- 
tious agents and all lesions which have a lymphoid 
infiltrate. The classification used in this presenta- 
tion was proposed by Strahan et al'* (Table 2). 


A. Inflammatory Thyroiditis Due to Known Agents 


1. Infectious 


a. Acute: This occurs infrequently and is most 
often associated with sepsis. It is more common in 
females and occurs most frequently in the 20 to 40 
age group.'* It occurs after acute infections of the 
pharynx and upper respiratory tract. Specific routes 
of invasion include the bloodstream, direct invasion 
from contiguous structures, the lymphatics, direct 
trauma, and a persistent thyroglossal duct.'* 


Streptococcus hemolyticus, Staphylococcus aure- 
us, and pneumococcus are the most common bac- 
teria isolated from these cases. This disease may also 
be precipitated by viral diseases. These include 
chicken pox, measles, and cat scratch fever." 


Patients usually have an abrupt onset of fever, 
chills, pain (which is frequently referred to the 
mandible or ear), with marked local tenderness, 
swelling, and occasional fluctuation of the area of 
the thyroid gland. Cough, hoarseness and aphasia 
may be present. Dyspnea occurs in more than half 
of the patients and tracheotomy may be necessary. ** 


The differential diagnosis includes subacute 
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thyroiditis, cellulitis, cervical adenitis, perichon- 
dritis of the thyroid cartilage, acute hemorrhage in- 
to a thyroid adenoma, fulminant malignancy, and 
rarely Riedel’s struma. 


Initial therapy is the administration of ap- 
propriate antibiotics. Abscess formation is uncom- 
mon but does require surgical drainage when pres- 
ent. Steroids may be of benefit in thyroiditis 
associated with viruses. The usual duration is 7-14 
days. `$ 


Complications include rupture anteriorly through 
the strap muscles beneath the skin, posteriorly into 
the esophagus or trachea, or inferiorly into the 
mediastinum. Laryngeal edema necessitating a 
tracheotomy may result. Thyroid function is usual- 
ly normal after the infection resolves. 


b. Chronic: Chronic infectious thyroiditis may be 
caused by echinococcus, actinomycosis, tuberculo- 
sis, or syphilis. 


Tuberculous thyroiditis is most commonly caused 
by disseminated tuberculosis. Rare causes include 
direct extension from cervical or laryngeal involve- 
ment and occurrence as a primary disease. Diffuse 
enlargement with nodule formation is present on 
clinical examination.'® Therapy includes ap- 
propriate antitubercular medication, incision and 
drainage, and occasionally subtotal thyroidectomy 
in cases which fail to respond to medical manage- 
ment, 


Syphilitic thyroiditis most commonly presents as 
a gumma, although it may appear as a diffuse thy- 
roiditis. It is usually unilateral. The swelling is 
smooth and nodular, often with cervical lymph 
node involvement. Diagnosis is by histologic ex- 
amination of the tissue and serology. The response 
to antisyphilitic therapy is usually excellent." 


2. Thyroiditis Secondary to Other Agents 


a.Trauma: Trauma is a rare cause of thyroiditis. 
However, rupture of the thyroid capsule may per- 
mit the entrance of bacteria producing thyroiditis. 
Therapy is that of infectious thyroiditis. 


b. Radiation: Both gamma rays from an external 
source and beta rays from radioactive iodine cause 
inflammatory changes in the thyroid. The clinical 
severity is not necessarily dose-related. Symptoms 
are erythema, edema, and tenderness. In cases with 
severe edema, tracheotomy may be necessary. 
Treatment is symptomatic and the inflammation 
usually subsides by the twelfth week after comple- 
tion of therapy.'* 


B. Inflammatory Thyroiditis Due to an Unknown 
Etiologic Agent 


1. Subacute or deQuervain’s thyroiditis: This is 
also known as granulomatous thyroiditis, giant cell 
thyroiditis, creeping thyroiditis, struma granulo- 


matosa, acute noninfectious thyroiditis, acute sim- 
ple trrroiditis, pseudogiant cell thyroiditis, and 
pseuc xtuberculous thyroiditis. A viral etiology is 
suspected .'°'* Clinical aspects which seem to resem- 
ble a benign viral infection include the following 
conditions. It is often preceded by an upper 
respiraiory tract infection and the illness often oc- 
curs = the time of an outbreak of a specific viral 
diseazs. It has been reported in association with 
mumes, measles, influenza, the common cold, 
adenewirus, Coxsackie virus, infectious mononucle- 
osis av. cat scratch fever. Frequently a prodromal 
phase ef muscular aches, malaise, and fatigue is 
preset. Leukocytosis rarely occurs and after some 
weeks or months complete recovery is usual. It is 
felt that subacute thyroiditis represents a stereo- 
typec inflammatory response to any number of a 
certa a variety of viruses." 









Subacute thyroiditis is more common in females 
(4:1 te €:1),'* and usually occurs in the fourth and 
fifth cecades.'* The onset may be acute but is often 
mild with sore throat, malaise, odynophagia and 
dysphagia, with pain and tenderness in the thyroid 
glanc Initially the gland is tender, although 
enlarzement may not occur until later. The disease 
may æ unilateral in 20% of the cases.'? The 
tendeaness of the gland is probably the most impor- 
tant agnostic sign.'® 


Lacwratory tests demonstrate a high erythrocyte 
sedim satation rate, an absent or very low titer of 
antitlroid antibodies, and a low uptake on thyroid 
scan. serum T, levels are usually normal but may be 
elevacod due to increased absorption from damaged 
follic: 2.1018 


Di: erential diagnosis includes acute infectious 
thyrcicitis, hemorrhage into an adenoma, acute 
hyper kvroidism, nodular goiter, and carcinoma. 
Need =- biopsy is usually recommended to establish 
thed. agnosis (when in question). However, surgical 
explogztion and biopsy may be necessary to dif- 
feren: ate this disease from carcinoma. At surgical 
explomstion, perithyroiditis is usually present but 
the cadsule of the gland is identifiable and separates 
from che trachea and adjacent muscles (this dis- 
tinguisaes this disease from Riedel’s struma)."' 


Microscopic features include follicular degenera- 
tion, ~ariable fibrous replacement, and infiltration 
of lewxpcytes, lymphocytes, and plasma cells. The 
preserce of histocytes and giant cells produces a 
tuberruloid appearance (caseous necrosis is never 
seen). which is the characteristic feature of 
subac ate thyroiditis. 


Treatment is with steroids which do not cure the 
diseas= but suppress the symptoms untif the illness 
has ran its course. Surgical interventiog is used for 
those zatients in whom medical therapy has failed 
or when carcinoma is suspected.’ A a | 






iir 
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One of the main features of subacute thyroiditis is 
its well-defined course which is principally self- 
limiting and persists no longer than one to three 
months. Generally there is no subsequent derange- 
ment of thyroid function. 


2. Invasive fibrcus thyroiditis or Riedel’s struma: 
This disease (also known as Riedel’s thyroiditis, 
ligneous thyroiditis, woody thyroiditis, eisenharte 
strumitis, and chronic productive thyroiditis) is a 
relatively rare form of thyroiditis which is felt to be 
an inflammatory process rather than a degenerative 
or involutionary change. 


The incidence is equal in males and females, and 
is most common in the fourth and fifth decades.’ 
Clinical manifestations result from severe pressure 
secondary to thyroid enlargement and firm fixation 
to cervical muscles and the trachea. This frequently 
causes suffocating attacks, stridulous cough, and 
dyspnea because cf the tracheal involvement. The 
disease is often unilateral and characterized by 
stony hardness with fixation to nearby tissues on 
physical examination. Laboratory tests usually 
demonstrate a normal T, and '*'I uptake. 


Differential diagnosis is principally that of malig- 
nant disease and surgical biopsy may be required to 
establish the diagnosis.'° Histologic examination 
demonstrates near total replacement of follicles 
with fibroblastic tissue without lymphoid infiltra- 
tion. The characteristic feature is extension beyond 
the thyroid capsule so that the entire cervical region 
(carotid sheath, trachea, cervical muscles, and 
thyroid gland) is involved in diffuse fibrosis. 


This disease is believed to be self-limiting with 
morbidity and mortality usually related to respira- 
tory problems. Surgical therapy is directed only 
towards the relief of pressure, which may require a 
wedge resection of the thyroid isthmus and/or 
tracheostomy. There is no effective medical 
therapy. 


C. Autoimmune Thyroiditis 


1. Struma lymphomatosa or Hashimoto's thyroid- 
itis: This disease (also known as Hashimoto’s 
struma, lymphadenoid goiter, autoimmune thy- 
roiditis, and chronic lymphoid thyroiditis) is the 
most common type of thyroiditis. It is now widely 
held to be an autoimmune disease based on both 
cell-mediated and aumoral immunity. A variety of 
circulating antithyroid antibodies have been found 
in this disease,” and the presence of cell-mediated 
immunity has been reported using several tech- 
niques.’° It is thought to be an inherited disease, as 
it has a high incidence in close relatives. It also has a 
close relationship to Graves’ disease, as they both 
may occur in the same individual. Both of these 
diseases frequently occur in close relatives and an- 
tithyroid antibodies are present in both disorders.?° 


Hashimoto’s thyroiditis is predominately a 
disease of women in the fourth and fifth decades. t° 
Typically the onset is insidious with gradual 
enlargement of the thyroid (50% of patients have 
noted goiter prior to the development of other 
symptoms). Additional symptoms include fullness 
and pressure in the throat, dysphagia, hoarseness, 
and dysphonia.'’ Palpation usually demonstrates a 
moderately large, nontender, firm, rubbery thy- 
roid.*° It may be unilateral but is most commonly 
bilateral. 


Serum thyroxine is usually low (hypothyroid) but 
may be normal (euthyroid), Many patients do have 
an elevated PBI, but this is due to an excess of non- 
thyroxine protein-bound iodinated compounds re- 
leased into the circulation secondary to the inflam- 
mation. The '*'T uptake is usually normal. A very 
high titer of serum antithyroglobulin antibodies is 
frequently present. 


Differential diagnosis includes subacute thyroid- 
itis (if tenderness is present), nodular goiter, or car- 
cinoma. Needle biopsy will confirm the diagnosis. 


Pathologic features include varying amounts of 
lymphocytic infiltration with germinal centers and 
intralobular fibrosis. The most characteristic and 
significant microscopic feature is the alteration of 
the epithelium to a distinctly oxyphilic type, with 
cells larger than normal with abundant cytoplasm 
and nuclei that may be hyperchromatic.”! 


Treatment is with thyroid replacement therapy 
and ordinarily the goiter will disapear or become 
smaller.*° Surgical treatment may be necessary to 
relieve pressure symptoms or when carcinoma is a 
consideration. Three percent of these patients do 
have thyroid carcinoma. However, McConahey”° 
reports that all patients with thyroid cancer have 
had “easily palpable, suspicious nodules in the 
thyroid.” 


2. Lymphocytic thyroiditis: This disease is felt to 
be caused by the release of an abnormal and ineffec- 
tive thyroid secretory product resulting in higher 
than usual levels of thyrotropic hormone causing 
compensatory changes in the thyroid gland. It oc- 
curs predominately in young women, adolescents, 
and children. Rapid and diffuse enlargement of a 
previously normal gland is characteristic. 


Laboratory tests show the serum thyroxine to be 
normal or elevated, and uptake is usually normal. 
Antibodies to thyroglobulin antigens are present 
but in lower quantities than in Hashimoto's 
thyroiditis. 


Pathologically, extensive lymphocytic infiltration 
is observed with or without germinal centers. It is 
distinguished from Hashimoto’s thyroiditis by the 
lack of oxyphilic epithelial changes. 

The treatment is the administration of synthetic 
thyroid hormone on a long-term basis or the goiter 
may recur. Surgery is rarely indicated.*’ 
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TABLE 3. HISTOLOGIC CLASSIFICATION OF THYROID 
CANCER 


A. Papillary adenocarcinoma (50-60%) 
1. Pure 
2, Mixed 
B. Follicular adenocarcinoma (17-36%) 
1. Pure 
2. Clear cell 
3. Oxyphil (Hiirthle) cell 
C. Medullary carcinoma (1-7 %) 
D. Undifferentiated carcinoma (5-15%) 
1. Small cell (compact or diffuse) 
2. Giant (spindle) cell 
3. Mixed 
E. Epidermoid carcinoma 
F. Other 
1. Lymphoma 
2. Sarcoma 
3, Metastatic 


THYROID CARCINOMA (TABLE 3) 


Carcinoma of the thyroid presents an extremely 
broad spectrum of malignancy. Crile and Hawk” 
have compared carcinoma of the thyroid to car- 
cinoma of the skin, which also develops tumors of 
variable malignancy including the highly malig- 
nant melanoma, the moderately malignant squa- 
mous cell carcinoma, and the less aggressive basal 
cell carcinoma. Because of this broad spectrum, 
several different systems of classification have been 
proposed.”?**> To be meaningful, a classification 
must take into account not only the morphologic 
characteristics, but also the biologic behavior of the 
neoplasm. The classification of Bell”? presented in 
Table 3 includes such considerations. Also included 
are a relative range of incidences from review of 
several series.7*7°°”* 


Most pathologists include in the papillary group 
all tumors containing papillary elements whether or 
not follicular features are present (if undifferen- 
tiated features are also present, they are then clas- 
sified as undifferentiated). This is based on the mor- 
phological characteristics and their biologic be- 
havior as they respond similarly to therapy. To sim- 
plify the pathologic classification, thyroid carci- 
noma may be described as differentiated (papillary, 
mixed and follicular), medullary, and undifferenti- 
ated. In general this order of classification proceeds 
from the most benign (papillary) to the highly ma- 
lignant undifferentiated carcinoma. 


Malignancies of the thyroid are relatively rare 
and were estimated to account for 1,150 deaths and 
8,100 new cases in the United States in 1976.2° The 
overall clinical incidence is twice as common in fe- 
males as in males and is more common in Cauca- 
sians than Negroes. Careful pathological examina- 
tion of thyroid glands obtained at autopsy from in- 
dividuals without clinical evidence of thyroid dis- 
ease has demonstrated a 5.7% incidence of occult 


thyroid malignancy.” Surprisingly, tae incidence 
(in autopsy specimens) is equal in males and fe- 
males. Though females have a greater incidence of 
clinica! thyroid cancer, the prognosis is consistently 
better in all thyroid cancers in women compared to 
men. Age also plays a role in the prognosis of dif- 
ferentiated (papillary and follicular) carcinomas as 
these tumors are more aggressive and have a greater 
lethal potential in patients over 40.” Differentiated 
tumors.in patients under 21 have an excellent prog- 
nosis with nearly the same mortality rate as the 
genera! population.” 


No specific etiology of thyroid carcinoma is 
known, but several factors do play a role in its 
development. These include ionizing radiation, 
long-term thyrotropin (TSH) stimulation, heredi- 
tary faetors, and sex. 


Radiation exposure does produce an imcreased in- 
cidence of thyroid cancer. Studies have shown that 
up to 2% of patients with an exposure at 500 rads to 
the thyroid in infancy develop a subsequent carci- 
noma.”* A higher incidence is seen in patients who 
received greater amounts of radiation. Thyroid ra- 
diation in patients less than 20 years of age has a far 
greater risk of inducing neoplasia than a similar 
dose in adults.” Thyroid cancers which develop 
follewing irradiation are usually differentiated 
(most commonly papillary and occasionally follicu- 
lar).** 


Long-term TSH stimulation produces hyperplas- 
ia, nocule formation, autonomous function, and 
occasionally malignant changes. Hereditary factors 
are significant in familial medullary carcinoma 
which may be inherited as an autosomal dominant 
with reduced penetrance.” Most clinically evident 
thyroid-carcinomas occur in greater frequency in fe- 
males, although the etiology of this is net clear. 


A. Fapillary Adenocarcinoma 


Papillary carcinoma is the most common malig- 
nancy of the thyroid. It is a low-grade malignancy 
and grows slowly. The majority of papillary tumors 
are found to have some follicular areas on patho- 
logic examination; most authors have shown that as 
long as a papillary component is presert, the clini- 
cal behavior is similar to a pure papillary carci- 
noma.?**43334 These tumors tend to occur at a 
younger age than other thyroid malignancies, al- 
though they may be seen at any age. The incidence 
is mere common in females than males with a ratio 
of approximately 3:1.” 


Papillary carcinoma has a high iacidence of 
lymph node metastasis with most series reporting 
clinieal nodal metastasis in the range ef 30-40% .** 
The ineidence of occult metastasis has been re- 
ported to range from 30-70% .*°*’ Metastases to 
lymph nodes are most often ipsilateral but occasion- 
al instaaces of bilateral spread will occur.** Distant 
metastases are uncommon. 
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These tumors also demonstrate a very high inci- 
dence of multicentricity (either microscopic multi- 
centric primary foci or noncontiguous dissemina- 
tion or metastasis of the primary lesion) in the 
thyroid gland when careful pathologic examination 
of surgically excised specimens is performed. Vari- 
ous studies have snown this occurs in the range of 
32-88 % .2°°3:38 4" However, the local recurrence rate 
in patients undergoing lobectomy alone ranges from 
5-7% and Tollefsen et al” feel that this laboratory 
evidence of papillary carcinoma in the opposite lobe 
is of little clinical significance. They feel this is 
analogous to the high autopsy incidence of asymp- 
tomatic microscopically diagnosed prostatic cancer. 


Pathologically, papillary carcinoma is typically 
unencapsuiated and invasive into adjacent thyroid 
parenchyma. It is composed of papillary projections 
and neoplastic (but well-differentiated) follicles of 
varying proportions. 


The most common presenting symptom is a “goi- 
ter” of varying duration. Approximately 10% of pa- 
tients present with a neck mass without a palpable 
lesion in the thyrcid.** 


The treatment of this lesion is quite controversial, 
both for the thyroid itself and for the lymph nodes 
in the neck and superior mediastinum. The therapy 
to the thyroid gland, as recommended by Attie et 
al, Wilson*! and Marchetta*® is total thyroidec- 
tomy. The basis for this is threefold: the high inci- 
dence of multicentric foci; if the patient develops 
metastasis. a total thyroidectomy is a prerequisite to 
the use of therapeutic radioactive iodine; and dis- 
section is easier and can be more adequately per- 
formed the first time the surgeon is in the area. 
Geissinger et al,“ De Groat, Crile and Hawk” 
and Bell” all reeommend a complete lobectomy on 
the side of the lesion and a subtotal resection on the 
opposite side unless there is clinical evidence of 
bilateral involvement at the time of surgery. Their 
rationale for this is the previously mentioned low 
incidence of local recurrence and the much lower 
incidence of hypoparathyroidism postoperatively. 
Tollefsen et al?’ recommend unilateral lobectomy 
with removal of zhe isthmus as the surgical pro- 
cedure unless there is obvious clinical involvement 
of the opposite lebe. 


Mazzaferri et al® have reviewed the results of 
therapy in 576 patients with papillary carcinoma of 
the thyroid. Their findings indicate that total or 
near-total thyroidectomy was associated with fewer 
recurrences and lower mortality. Patients undergo- 
ing total thyraidectomy, when compared to all 
other patients (as a group) receiving less aggressive 
surgical therapy, demonstrated lower recurrence 
and death rates. These differences were statistically 
significant. 


Most authors recommend removal of lymph nodes 
from the trachecesophageal groove on the side of 


the lesion and any nodes that are clinically palpa- 
ble. If these are positive on frozen section, a mod- 
ified radical neck dissection is performed.??:?>.75-3?:41-4 
Geissinger et aľ recommend a standard neck 
dissection if clinical evidence of nodal involvement 
is present or if positive nodes are found on frozen 
sections. Attie et al recommend a modified neck 
dissection on the side of the lesion in all patients 
because of the high incidence of metastasis (both 
clinically and occult). Several authors, including 
Block et al?’:** Bell,” and Tollefson et al* stress the 
importance of removing the anterosuperior medias- 
tinal lymph nodes as well as those along the course 
of the recurrent laryngeal nerve on the side of the 
lesion. This can easily be performed through the 
cervical incision without splitting the sternum. 
Metastasis to lymph nodes in the anterosuperior 
mediastinum occurred in 9% of patients and is 
always associated with metastasis to cervical lymph 
nodes.** Mazzaferri et al”? demonstrated that the ex- 
tent of lymph node surgery in these patients with 
histologically proven node metastasis had no signifi- 
cant effect on the recurrence or survival rates. 
“Node picking,” modified and standard neck dissec- 
tion all gave equally effective results. 


In conclusion, surgical therapy for papillary car- 
cinoma of the thyroid as recommended by the ma- 
jority of authors would consist of a total lobectomy 
on the side of the primary tumor, a subtotal lobec- 
tomy on the opposite side (unless there is obvious 
clinical involvement) with frozen section biopsy of 
adjacent nodes and the performance of regional 
lymphadenectomy or a modified neck dissection 
(leaving the sternocleidomastoid muscle and the 
spinal accessory nerve). Dissection of the anterior- 
superior mediastinum must be performed if nodal 
metastases are present. 


All patients are treated with lifelong suppression 
therapy with thyroid hormone. Thyroid hormone 
therapy appears to be beneficial only in differen- 
tiated tumors (papillary and follicular). Differen- 
tiated tumors appearing in prepubertal children 
and adults over 40 years of age are less likely to re- 
spond to thyroid suppression therapy.” Thyroid 
replacement therapy has been demonstrated to sig- 
nificantly lower recurrence and death rates in 
papillary carcinoma.” The mechanism of action is 
the suppression of TSH production and many of 
these tumors appear to be dependent upon TSH for 
further growth. 


Radioiodine therapy is recommended postopera- 
tively for all patients who have tumors which will 
take up “'I and were either inoperable, incomplete- 
ly excised at the time of surgery, or have distant 
metastasis.” A large majority (almost 85 % ) of well- 
differentiated tumors (papillary and follicular) will 
demonstrate uptake of iodine under the stimulation 
of myxedema with elevated TSH levels.” Thyroid 
ablation is necessary prior to this therapy, but if a 
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total lobectomy and subtotal lobectomy on the op- 
posite side have been performed, radioiodine abla- 
tion of the remaining thyroid tissue is possible.” 
The risks of radioiodine therapy include bone mar- 
row depression, radiation pneumonitis (if pul- 
monary metastases are present), and leukemia. 
Tumor response to '*'I cannot be determined in ad- 
vance (even if the tumor has good uptake) as the 
radiosensitivity of individual tumors varies. 


External radiation has been successfully used for 
alleviation of pain from metastasis. External radio- 
therapy for local disease is not recommended (unless 
necessary for palliation) for papillary tumors since 
dedifferentiation into anaplastic carcinoma has oc- 
curred.*! 


Different authors have given varying rates of sur- 
vival for papillary carcinoma. The survival is by 
and large excellent, but does progressively decrease 
over a longer period of time than the usually re- 
ported five-year figures. Most deaths from the dis- 
ease occur more than five years after diagnosis, and 
most of the deaths occur because of recurrence of 
local disease rather than distant metastasis.** Fran- 
silla?4 reviewed several large series of carcinoma of 
the thyroid and reported the five-year survival 
ranged from 73-93% ; however, in his series 21 % of 
patients died from papillary carcinoma with a 10- 
to 20-year follow-up. Wilson*! reports a 96% five- 
year survival. De Groat? feels the net extra mortali- 
ty on long-term follow-up is in the range of 
10-20%. Woolner et al,** in their large series of 541 
cases, have divided patients with papillary car- 
cinoma into three groups based on the extent of 
disease at the time of surgery. Those patients with 
occult papillary carcinoma (defined as a tumor 1.5 
cm or less in diameter with or without nodal 
metastasis) all survived with a follow-up of 3 to 32 
years (there were 146 patients in this group). All the 
mortality in their series occurred in tumors which 
were larger than 1.5 cm or tumors which had in- 
vaded beyond the thyroid capsule. Mazzaferri et 
al*? demonstrated a higher rate of recurrence in pa- 
tients under 30 years of age, lesions larger than 2.5 
cm in diameter, local invasion outside of the thyroid 
capsule, and in patients who did not receive thyroid 
replacement and '*'I therapy postoperatively. 


In summary, the survival rate for papillary car- 
cinoma is good. However, the disease will be the 
eventual cause of death in 10-20% of patients with 
long-term follow-up. The prognosis appears to be 
worse in prepubertal children,”? patients more than 
40 years of age, patients whose tumor is greater 
than 1.5 cm in diameter and/or has extracapsular 
invasion, and patients undergoing a limited thy- 
roidectomy.***? The presence or absence of cervical 
lymph node metastasis has no effect on recurrence 
or survival if therapy is directed to these metastasis. 


B. Fallecular Adenocarcinoma 


Fcllicular carcinoma is the second most common 
carcincma of the thyroid and :s a more lethal dis- 
ease than papillary carcinoma. It is more prevalent 
in the əlder age group (above 40) than papillary 
carcincma. The female to male ratio is again ap- 
proximately 3:1. Most studies zeport a low rate of 
lymph node metastasis (ranging from 2-20% posi- 
tive nccles); distant metastases are more frequent 





many ccur anywhere. 


Pethologically, follicular carcinoma is charac- 
terized by acinar structure formation with various 
amounes of colloid content in the lumen. There is an 
absence of any papillary growth pattern. These tu- 
mors are almost never multicentric.”’ 


Again, the usual presenting sign is most common- 
ly a gciter (usually of considerable duration).” It 
may abo present with pressure symptoms (respira- 
tory distress, dysphagia, etc). Occasionally, the in- 
itial fiedings are a neck mass cr distant metastasis. 


The therapy of follicular carcinoma is again con- 
troversial pertaining to the thyroid gland. Marchet- 
ta,“ Wilson,“ and Geissinger et al‘ recommend 
totai lcbectomy on the side of zhe lesion and subto- 
tal lobectomy on the noninvolved lobe unless there 
is cnal evidence of involvement (when a total 
thyroicectomy is performed). Tollefson et al** and 
Crile and Hawk? recommend a total lobectomy 
with ishmusectomy unless both lobes are clinically 
invclved, Most authors perform a modified neck 
dissect»on only if there is frozen section evidence of 
nodal nvolvement. The majority of authors treat 
follicu-ar carcinoma the same as papillary: subtotal 
thyroicectomy (total lobectomy and subtotal lobec- 
tomy), unless both lobes are clinically involved, and 
a mod4fied dissection is perforrned with evidence of 
nodal metastasis. 


The-results of therapy are poorer than those with 
papillery carcinoma. Results vary widely depend- 
ing om the duration of follow-up and the method 
utilzzed for reporting results. DeGroat?* feels the 
net extra mortality is approximately 50% over 
10-15 vears. Tollefson et al** report a determinant 
five-year survival of 70%, dropping to 42% at 25 
years. They also note that when distant metastases 
are prasent, the five-year survival (determinant) is 
22%. Fransilla®* reported a relative survival rate 
(determinant) of 40% at ten years. 


Ix summary, follicular carcinoma is more ag- 
gressive than papillary carcincma, with 50-60% of 
patien:s eventually dying of their disease. Increased 
morta.ity is associated with distant metastasis at the 
time cf presentation. Some authors’?* feel that 
significant invasion (pathologically) of the thyroid 
capsule or blood vessels yields a poorer prognosis, 
but others do not find this to be true.** 
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All cases of fo licular carcinoma should be treated 
with thyreid sepression therapy. The indications 
for postoperatwe ‘'I therapy are similar for 
papillary carcmoma. External radiotherapy is 
again prii arily reserved for the alleviation of pain 
or palliatien. 


Hürthle cell carcinoma is listed in the classifica- 
tion presented previously as a type of follicular car- 
cinoma. It is a distinct clinical entity pathological- 
ly; however, the clinical course and method of ther- 
apy is simi-ar tc follicular carcinoma.** Microscop- 
ically, the Hiirtale cells are characterized by large 
cells with ample acidophilic cytoplasm with a 
homogenecus o: granular appearance. It may be 
very difficalt te predict the biologic behavior of 
many of the lesions on gross and microscopic ex- 
amination. Accepted criteria for malignancy are 
the presence of nondegenerative cytologic abnor- 
malities, invasicn of the capsule or blood vessels, 
and metastasis to lymph nodes.” Hiirthle cells are 
also found in Hishimoto’s thyroiditis. 


These tumors are seen more frequently in females 
and occur primarily in adults. Cervical lymph node 
metastases are irfrequent and distant metastases oc- 
cur more cemmcenly than nodal metastases. Mortal- 
ity is largely att-ibuted to distant metastasis.*° Re- 
sults of therapy are similar to follicular carcinoma. 
These tumers may respond to thyroid suppression, 
but they dc differ from follicular carcinoma in that 
they rarely take up “L.” 


C. Medullary Cercinoma 


Medullary carcinoma is reported to comprise 
l-7% of all thyreid malignancies.**-*° These tumors 
have several distmctive properties: the simultaneous 
occurrence with other endocrine tumors (pheochro- 
mocytoma and parathyroid adenoma or hyper- 
plasia), a form cf malignancy that is familial, and 
biochemica! properties that provide for early detec- 
tion of disease ard for monitoring recurrence on the 
follow-up.**°°° The cell of origin is the c-cell which 
is derived f-om the ultimobranchial body and neu- 
ral crest.°' This tamor occurs with almost equal fre- 
quency in males and females, and over a wide age 
range. Most arise spontaneously (80-90%); how- 
ever, the tumor may be inherited as a Mendelian 
dominant with reduced penetrance (10%). The 
familial form of tumor is more commonly associated 
with parathyroic adenomas, pheochromocytomas, 
and mucosal neuromata.*° 


The most com non presenting symptom is a mass 
(which is characteristically very firm) in the thyroid 
gland or a multinocular goiter. Thirty percent of pa- 
tients have clinically significant diarrhea and occa- 
sionally a frank carcinoid syndrome is present.** °° 


Medullary carzinoma of the thyroid has signifi- 
cant biochemica activity and all tumors seem to 
produce calcitonin and histaminase. Other products 


identified include ACTH, prostaglandins, and sero- 
tonin.** Calcitonin (a hypocalcemic producing 
agent) and histaminase have been used as bio- 
chemical markers for this tumor. Virtually all pa- 
tients have elevated serum calcitonin by radioim- 
munoassay. If metastatic disease is present, these 
levels remain elevated even after the primary lesion 
is surgically excised. Elevated plasma histaminase 
after surgical removal may also be an important 
biochemical clue to persistence.*® 


Microscopically, they are distinguished by 
polyhedral neoplastic cells arranged in sheets 
transversed by connective tissue septae which 
divide the tumor into nests of cells of variable size. 
This compartmental arrangement, or organoid pat- 
tern, together with the presence of a substance 
characterized as amyloid and the absence of neo- 
plastic follicles and papillary elements, is the 
diagnostic microscopic feature of the tumor.® It is 
frequently bilateral (60%), even without clinical 
evidence of this, and in the familial variety it is 
uniformly bilateral. Cervical lymph node metas- 
tasis often occurs early (as high as 50% of patients, 
even when the tumor is 1 mm or less in size), and 
distant metastasis occurs later to the lungs, liver, 
bone, and other organs.**:*? 


Preoperative diagnosis can be established by 
elevated calcitonin levels, the calcium infusion test, 
(calcium is infused and the serum calcitonin re- 
sponse to this is measured), or a pentagastrin stimu- 
lation test.® These tests are worthwhile in patients 
with a history suggestive of pheochromocytoma or 
any of the other syndromes associated with medul- 
lary carcinoma. It should be performed annually on 
all family members of a patient with a familial car- 
cinoma. Additional preoperative evaluation of a pa- 
tient with familial disease includes urinary VMA 
and metanephrine levels (to rule out pheochromo- 
cytoma), and serum calcium and phosphorus (to 
assess the parathyroid glands). These tests should be 
performed postoperatively in all spontaneous cases 
of medullary carcinoma.* 


There are two radiographic features of medullary 
carcinoma which may be diagnostic preoperatively. 
Both the primary and metastatic lesions tend to 
ealcify with a dense, irregular distribution of 
calcium throughout the tumor mass. Therefore soft 
tissue x-rays of the neck are indicated. Chest films 
may also be diagnostic as these tumors tend to me- 
tastasize to mediastinal soft structures and produce 
a widening of the superior mediastinum.*® 


Recommended surgical therapy for this lesion is 
total thyroidectomy and standard neck dissection 
with frozen section evidence of cervical lymph node 
metastasis.** A standard neck dissection is recom- 
mended for this carcinoma as a higher incidence of 
recurrence is found when a modified neck dissection 
is performed.*’*? This tumor does not take up *'I 
and rarely responds to thyroid suppression.**-°° Full 
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replacement doses of thyroid hormone are necessary 
following total thyroidectomy. Radiation therapy 
seems useful only for palliation of bone pain,* but 
Hill et al,*° recommend administering postoperative 
prophylactic radiotherapy to the neck, supraclavic- 
ular areas, and upper mediastinum when nodes in 
the opposite neck were found to contain tumor. 
They also treat unresectable or residual tumor with 
external radiotherapy, but controlled series to 
demonstrate its effectiveness are not available at 
this time. Chemotherapy is generally ineffective, 
but some recent success has been reported with 
adriamycin. *4 


The prognosis of this tumor is variable and in- 
cludes rapid demise or long-term survival even in 
the presence of metastatic disease.** Reported sur- 
vival rates include 55-80 % at five years and 57-78 % 
at ten years.*?-*°5° These results may be influenced 
by the rather high percentage of familial carcino- 
mas (approximately 20-25%) in these series, which 
are known to have a better survival rate than the 
more frequent spontaneous medullary carcinoma. 
Factors associated with increased survival were 
younger age (less than 50 years), familial disease, 
and bilateral tumors. It should be noted that all 
these factors may be related to the familial form of 
the disease, as they are all characteristic of it. Pa- 
tients with cervical metastasis at the time of the in- 
itial operation had a much poorer prognosis (ten- 
year survival of 46% as compared to 80% ) than pa- 
tients without metastasis. The most common site of 
tumor recurrence was locally or in the neck. 


D. Undifferentiated Carcinoma 


Undifferentiated or anaplastic carcinomas con- 
stitute approximately 5-15% of all thyroid carcin- 
omas.**** These tumors occur primarily in later life 
with a peak incidence in the seventh and eighth dec- 
ades, but may also be seen at a younger age. Again 
they are more common in females than males. 
Many authors feel that most if not all of these 
tumors arise from preexisting more differentiated 
thyroid carcinomas.***’ The three histologic types 
of undifferentiated carcinoma are small cell (diffuse 
or compact), giant cell (or spindle cell), and mixed 
patterns. 


These carcinomas present clinically with a usual- 
ly obviously malignant thyroid mass with fixation 
to adjacent neck structures and accompanied by 
pressure symptoms, cough, dyspnea, hoarseness, 
vocal cord paralysis, and dysphagia. Widespread 
metastases are frequently present at the time of the 
initial examination.?*** 


The prognosis of this tumor is extremely poor. A 
recent review of the literature shows that only 14 of 
144 cases survived for more than one year after di- 
agnosis and the average duration of life after diag- 
nosis is six months.*? Local disease is the major cause 


TABLE 4. EVALUATION OF A THYROID NODULE 
A. History 
B. Physical examination 
C. Laboratory 
1. Ta, T; uptake 
2. Antithyroid antibodies 
3. Sean 
4, Ultrasound 
D. Other tests (based on history and physical) 


of death but distant metastases are present in over 
three fourths of the patients.” 


Cbviously no method of therapy is very successful 
in this disease. Recently Rogers et al*® published an 
early report of a method of therapy using surgical 
resection and postoperative radiation therapy com- 
bined with multiple courses of actinomycin D. Sur- 
gical therapy consisted of resection of all gross 
tumor (if possible) by either a partial or total thy- 
roidectomy with radical neck dissection if positive 
nodes were found. Patients were then treated with 
cobalt 60, administering 6,000 rads in six weeks. In 
the fourth week of radiotherapy, chemotherapy 
with actinomycin D is given biweekly until toxicity 
and then repeated every two or three months. Three 
of six patients treated in this manner are free of 
disease for more than two years. This study does 
demonstrate the most promising method of therapy 
to date, but further analysis is required to establish 
its true effectiveness. At present our results with this 
method of therapy have failed to yield the results 
reported by Rogers et al. 


THE EVALUATION AND THERAPY OF A THYROID 
NODULE (TABLES 4-8) 


Thyroid cancer is a relatively rare disease com- 
pared to nodular goiter (which has an incidence of 
2-4% in adults), with carcinoma being present (de- 
pending on various studies) in 4-17% of these 
goiters. As it is impractical to remove all goiters, the 
problem is to select those patients with the greatest 
probability of carcinoma for surgical therapy. 
Tabie 4 presents an overview of the evaluation of a 
thyroid nodule. 


Im the initial history important factors include 
the lack of or presence of symptoms, the period of 
time the lesion has been present, a past history of 
radiation exposure, and a family history of thyroid 
disease. In the physical examination, the patient 
should be checked for clinical evidence of hyper- 
thyroidism or hypothyroidism, the presence or ab- 
sence of clinically suspicious neck nodes, a careful 
examination of the thyroid performed with specific 
reference to the character of the nodule (its size and 
consistency), the presence of multiple nodules, and 
the size, mobility, and character of the entire 
gland. Indirect laryngoscopy is performed to 
evaluate recurrent nerve function. 
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TABLE 5. RISK FACTORS OF MALIGNANCY IN A 
THYROID MASS 





Age 
Radiation exposure 
. Isolated nodule 


psp 


Sex 


Physical examination 


Laboratory findings 
. Growth pattern 


ee ©) 


. Pregnancy 


Laboratory tests are often dictated by the history 
and physical examination. However, most patients 
require a serum thyroxine (T4), a T, resin uptake 
test, antithyroid antibodies, radioactive scan of the 
thyroid and ultrasonography. A_thyrocalcitonin 
level (calcium infusion or pentagastrin stimulation 
test) should be determined in all patients with a 
family history of thyroid carcinoma (if the histolog- 
ic diagnosis is unavailable) and on patients with 
symptoms compatible with a pheochromocytoma 
and/or significant diarrhea. In addition, these pa- 
tients should have a soft tissue x-ray of the neck. 


If the lesion proves to be a functioning (hot) 
nodule on the thyroid scan, one may attempt to sup- 
press this by giving the patient thyroid hormone for 
two to three weeks and then repeating the scan. 
Other methods of evaluation include echography 
and thermography. Clark et al? have been able to 
differentiate solid lesions from cystic lesions in over 
80% of the cases utilizing echography (ultrasono- 
graphy). Cystic thyroid nodules are rarely malig- 
nant, but mixed (solid and cystic) lesions have an in- 
cidence of malignancy similar to solid lesions.'**° 


Following the completion of the history, physical 
examinaticn and laboratory tests, the problem aris- 
es as the the proper therapy. There are many factors 
to consider in evaluating the risk of malignancy in 


thyroid nodules (Table 5). 


Age: Approximately 50% of isolated thyroid 
nodules appearing in children are malignant. Mul- 
tinodularity increases with age and the incidence of 
cancer in a single palpable nodule decreases with 
age." 


Radiation Exposure: A past history of neck or 
mediastinal irradiation is significant as there is a 
high incidence of malignancy in these situations. 
These malignancies are usually differentiated (pap- 
illary and follicular) carcinomas and demonstrate a 
high incidence of multicentricity.2? Any palpable 
nodule on physical examination or cold nodule on 
thyroid scan must be presumed to be malignant in 
patients with a prior history of radiation. 


The Isolated Nodule: There is a much higher in- 
cidence of malignancy in single nodules as com- 
pared to multiple nodules. This ranges from 4-33 % 
in different series in the literature. 


TABLE 6, DIFFERENTIAL DIAGNOSIS OF A 
THYROID MASS 





. Benign adenoma 

. Hemorrhage into the gland 

. Lobulation of normal thyroid tissue 

. Lobulation secondary to chronic thyroiditis 


l 

2 

3 

4 

5. Primary malignancy 
6. Metastatic malignancy 

7. Intrathyroid cyst 

8. Autonomous nodule 

9. Thyroiditis and malignancy 
10. Hyperplasia of one lobe 

l1. Lesion from adjacent structure 


Sex: All thyroid disease (including nodules and 
malignancy) is more common in females than 
males. Multinodularity is also more common in fe- 
males, however an isolated lesion occurring in a 
male is more likely to be malignant. 


Physical Examination: A firm to hard consistency 
of a nodule increases the risk of malignancy. Other 
physical signs such as adherence to adjacent struc- 
tures, the presence of cervical nodes, and vocal cord 
paralysis are highly suggestive of malignancy. Vo- 
cal cord paralysis may be caused by benign thyroid 
disease including goiter, thyroiditis (especially 
Riedel’s), and adenoma, or by extrathyroidal condi- 
tions. As previously mentioned, totally (not mixed) 
cystic nodules rarely contain carcinoma.'**? 


Laboratory Findings: Carcinomas are nearly 
always cold nodules on radioiodine scan. Hoffman 
et al® reported a patient who had a hot nodule on 
scan and was found to have carcinoma; however, 
other authors make the statement that a hot nodule 
has never proven to be malignant in their exper- 
ience.*’ Some series report that up to 25% of cold 
nodules are malignant.*? Carcinomas are extremely 
rare in lesions that are documented to be totally 
cystic by echography. High titers of antithyroid an- 
tibodies may be present in thyroiditis, although 
lower titers may be found in association with car- 
cinoma and carcinoma may coexist with Hashi- 
moto’s thyroiditis. 


Growth Pattern: A recent or rapid growth is 
always an ominous sign and suggests either malig- 
nancy or hemorrhage into the lesion. 


Pregnancy: The appearance of a nodule during 
pregnancy has an increased chance of being malig- 
nant.*? 


In summary, the incidence of malignancy is in- 
creased in the young, males, a single nodule, a past 
history of irradiation, a firm or hard lesion, recent 
growth, a cold nodule on scan, and if the patient is 
pregnant. 


The differential diagnosis of a palpable mass or 
nodule in the thyroid is listed in Table 6. 
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Crile and Hawk® have advocated needle aspira- 
tion and/or biopsy of certain thyroid lesions. They 
use this for diffuse enlargement of the thyroid 
thought to be thyroiditis, nodules of the thyroid 
thought to be benign, and cysts of the thyroid or 
hemorrhage into adenomas in which the diagnosis is 
suspected because of the sudden appearance or 
rapid growth of the nodule (a history that rules out 
the presence of a differentiated or operable car- 
cinoma). They have performed this safely and 
without significant complication and have been 
able to make the diagnosis in 96% of the cases. This 
degree of accuracy was confirmed by Schniirer and 
Widström with a 93% agreement between cytolog- 
ical and histological diagnosis.“ It should be 
repeated, however, that they do not perform a nee- 
dle biopsy or aspiration if they are suspicious of a 
differentiated malignancy. Others may recommend 
needle biopsy and aspiration (for cytology) of all 
masses, but an experienced pathologist or cytologist 
is required for accurate diagnosis. 


The therapy of thyroid nodules is as controversial 
as the therapy of thyroid carcinoma. This includes 
both the medical and surgical treatment. 


Available medical therapy includes treatment 
with thyroid suppression and radioiodine therapy. 
Most controversial is thyroid suppression in cold 
nodules. In thyroid suppression therapy, the patient 
is kept on full thyroid suppression for three to six 
months and the response is determined by monitor- 
ing the change in size of the nodule. If the nodule 
disappears, the patient is kept on full thyroid sup- 
pression for the rest of his life and monitored inter- 
mittently by follow-up examination. If the nodule 
fails to disappear surgery is usually performed. 
Some authors report that up to 20% regress,®* oth- 
ers feel that very few (less than 1%) will respond to 
this therapy,®°** while still others report that the 
nodule will disappear in the majority of patients.” 
Thomas® reports that nodules that regress tend to 
be less than 2.5 cm in diameter, of recent origin, in 
patients less than 40 years of age, and in females. 


In summary, thyroid suppression therapy should 
probably not be utilized in patients in whom malig- 
nancy is suspected clinically by physical examina- 
tion and in children and males with isolated cold 
nodules. Some authors would not agree with this 
and perform a trial of suppression in all patients. 


Surgical therapy is also controversial as to the in- 
dications for and the extent of the surgical proce- 
dure. Some authors recommend a simple lumpec- 
tomy (nodulectomy),® others recommend a sub- 
total lobectomy on the side of the lesion,” and still 
others recommend a total lobectomy on the side of 
the lesion.®-** At present a total lobectomy is always 
utilized at our institution. Advantages of this ap- 
proach include complete removal of the involved 
lobe so that further surgery in this area (with a 


‘'TEBLE 7, THERAPY OF HYPERFUNCTIONING 


A. T suppression test 
B. Nonautonomous (suppressible) 
1. Thyroid hormone replacement 
2, Continued observation 
3. Indications for further therapy 
a. Hyperthyroidism 
b. Progressive enlargement 
C. Autonomous (nonsuppressible) 
1. Hyperthyroidism 
a, Antithyroid medication 
b. Radioiodine 
c, Surgery 
2. Euthyroid 
a. Observation 
b. Radioiodine 


c. Surgery 


mucn aigher incidence of injury to the recurrent 
laryngeal nerve) is unnecessary. If permanent sec- 
tions cemonstrate malignancy not identified in 
frozen section, reoperation is unnecessary provided 
careful follow-up examinations are performed 
when differentiated malignancy is present. Mor- 
bidity, mortality, and operating time are essentially 
the same for nodulectomy, partial and total lobec- 
tomy. 


Therary of Hyperfunctioning (“Hot”) Nodules 
(Table 7) 


Up to 25% of solitary thyroid nodules are found 
to be hyperfunctioning on iodine scan.*? When 
hyperfanction of a nodule is present, further 
evalua ion is required to determine if the nodule is 
autenamous (functioning independently of TSH 
contro. and consequently nonsuppressible by the 
adminstration of thyroid hormone) or nonauto- 
nomo (under TSH control). This is most common- 
ly performed by the administration of triiodothy- 
ronme (25 ug TID) for 1-2 weeks and repeating the 
radwaetive iodine scan. This produces two groups 
of patzents, those with autonomous (still hot on 
repeat scan) and nonautonomous nodules (nonfunc- 
tioning on repeat scan). 


Therapy of nonautonomous nodules is the ad- 
minéstwation of full replacement doses of thyroid 
hormoae with continued observation. Progressive 
enlargement or the development of hyperthyroid- 
ism (tie nodule has become autonomous) are indi- 
cations for further therapy as follows. 


The zherapy of autonomous nodules may be med- 
ical or surgical. Toxic (hyperthyroid) nodules may 
be trested by antithyroid medication, radioactive 
HI, or surgery. If hyperthyroidism is present the 
patient should be returned to a euthyroid state by 
medica therapy prior to surgery. Nontoxic (euthy- 
roid) modules may be treated with frequent obser- 
vation progressive enlargement or the development 
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TABLE 8. THERAPY OF HYPOFUNCTIONING 
(“COLD”) NODULES 


A. Ultrasonography 
B. Cystic lesions 
1. Thyroid hormone suppression 
2. Aspiration and cytology 
3. Observation 
4. Surgery: indications 
a. Progressive enlargement 
kt. Compressive symptoms 
c. Cosmesis 
c. Suspicion of malignancy 
C. Solid and mixed lesions 
1. Thyroid hormone suppression 
2. Surgery: indications 
. Failure of suppression 
t. Compressive symptoms 
c. Cosmesis 
d. Suspicion of malignancy 


So 


of hyperthyroidism is an indication for further 
therapy), radioactive iodine, or surgery. 


The therapy of “hot” nodules is equally effective 
by radioactive ‘I or surgery. Both eliminate the 
immediate potential for the development of thyro- 
toxicosis. Advantages of surgery include the elimi- 
nation of the requirement of prolonged observation, 
improved cosmesis if an obvious thyroid mass is 
present, the avoidance of radiation exposure (espec- 
ially in younger individuals), and the establishment 
of a pathological diagnosis. Advantages of radicio- 
dine therapy include the elimination of the morbid- 
ity and mortality of a surgical procedure and a less 
aggressive method of therapy; however, hyperthy- 
roidism may reeur at a later date. The method of 
choice depends upon the condition and desires of 
the patient, and the philosophy of the physician 
managing the patient. 


Therapy of Hypofunctioning “Cold” Nodules (Table 8) 


Cold and isofunctioning solitary thyroid nodules 
(75% of isolated thyroid nodules) on radioisotope 
scan may be further subdivided into solid, mixed, 
and cystic lesions on the basis of ultrasonography. 
Solid and mixed lesions have a greater risk of malig- 
nancy (18%) and adenoma formation (51%) than 
do cystic lesions (especially if they are less than 4 cm 
in diameter).° 


Solitary cold nodules that are cystic on ultra- 
sonography may be treated with thyroid suppres- 
sion and needle aspiration of the lesion with cy- 
tologic examination of the aspirant. When the cy- 
tology is net suspicious for malignancy the patient 
may be treated with long-term thyroid suppression 
and frequent observation. Progressive enlargement, 
cosmetic or compressive symptoms, and the suspi- 
cion of malignancy are indications for surgical in- 
tervention. Cystic lesions less than 3 cm in diameter 
have less than a 2% incidence of malignancy.®’°* 


Solid and mixed solitary cold nodules have a 


greater incidence of malignancy and may be treated 
immediately with surgery or after a failure of re- 
gression of the nodule with thyroid suppression 
therapy. Most authors feel that either a subtotal or 
total lobectomy is needed for adequate excision of 
the nodule. Further therapy depends on frozen sec- 
tion diagnosis. If frozen section diagnosis is benign 
but the permanent sections show papillary or follic- 
ular carcinoma, further surgical intervention is gen- 
erally not indicated unless there is clinical evidence 
of recurrent disease or the patient is felt to be unre- 
liable for prolonged observation. These patients do 
need frequent, careful, prolonged follow-up. A 
medullary carcinoma does require a total thyroidec- 
tomy performed as soon as possible after the perma- 
nent section diagnosis is made. In patients with 
multiple nodules surgery is recommended if a nod- 
ule becomes clinically suspicious for malignancy." 


Therapy of Patients with a History of Radiation 
Exposure 


Patients with an uncertain history of prior radi- 
ation exposure are treated in the manner previously 
outlined. A definite history of prior radiation ex- 
posure does place the patient at a greater risk for the 
development of malignancy and consequently the 
indications for medical and surgical therapy are 
modified at our institution. 


The National Cancer Institute” has recommended 
that these individuals undergo a periodic examina- 
tion at least every two years indefinitely. Thyroid 
scans are not felt to be mandatory unless palpation 
reveals an abnormality. However, many physicians 
do prefer to obtain a scan on all of these patients 
(the present policy at our institution). Patients with 
a normal examination and scan are reexamined at 
regular intervals, and a repeat scan is obtained 
when a palpable change occurs in the thyroid 
gland. Patients with a normal clinical examination 
and a “cold” nodule on scan need to be carefully re- 
examined for the presence of the nodule. If no ab- 
normality is palpated three options of therapy are 
available: careful follow-up examination, thyroid 
supression, or surgical exploration. In view of the 
high percentage (27%) of malignancy of cold nod- 
ules on scan without a palpable lesion on physical 
examination,® ° we recommend surgical excision of 
the thyroid. Any patient with a palpable nodule on 
physical examination is recommended for a surgical 
procedure regardless of the findings on scan and 
ultrasound. 


The surgical procedure performed in patients 
with a definite history of radiation exposure is a 
total or near total thyroidectomy with a complete 
lobectomy performed on the side of the lesion. A 
lobectomy alone is felt to be an inadequate proce- 
dure as radiation-induced thyroid tumors are more 
likely to be multifocal (both papillary and follicu- 
lar) than spontaneously occurring tumors.’ 
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The importance of consultation with an internist 
with an interest in endocrinology or an endocrinolo- 
gist in the management of all patients with disor- 
ders of the thyroid cannot be overemphasized. 
Their special knowledge and expertise in this area 
allows a significant contribution to overall care and 
management of the patient with thyroid disease. In 


additien, the potential for the development of a 
team <pproach to the care of the patient with thy- 
roid disease is present, with each specialist con- 
tributing in his area of knowledge in a climate of 
respec and trust. This provides for the maximiza- 
tion of patient care with bene‘tits for all physicians 
invelv <d, 
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A No. 13 regular T-tube is shown in place. The short intraluminal ead faces superiorly (short end up) to the level of the 
junction of the subglottic cervical trachea. 
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MANUAL FOR CARE OF THE MONTGOMERY SILICONE 
TRACHEAL T-TUBE 


WILLIAM W. MONTGOMELY, MD 


BOSTON, MASSACHUSETTS 


INTRODUCTION 


We are currently treating a large number of de- 
fective tracheas. This number will continue to in- 
crease until we learn more about the prevention of 
injury to the subglottis and cervical trachea. 


In 1964, I described a two piece acrylic T-tube 
stent (Fig. 1). This device was used to support a 
reconstructed cervical trachea and was the precur- 
sor to the silicone tracheal T-tube stent which 
evolved after considerable laboratory research in 
1965. 


The silicone tracheal T-tube (Fig. 2) was designed 
to maintain an adequate tracheal airway as well as 
to provide support in the stenotic trachea which has 
been reconstituted or reconstructed. It is supplied 
with a plug which is inserted and secured in place 
by a slight twist. The plug remains in place by fric- 
tion and will not become dislodged even during 
forceful coughing. The tracheal T-tube is supplied 
in sizes from 4.5 to 16.0 mm (outside diameter) 
(Fig. 3A). The infant sizes range from 4.5-6.0 mm 





while re 8 mm size is used for pediatric patients. 
Sizes _ 2-13 mm are best suited for the adolescent 
and adult female and sizes 12-16 mm are for the 
adult male trachea. Statistically the most common- 
ly usec sizes are 10, 12 and 13 mm. The curvature at 
the juaction of the external and intratracheal por- 
tions c: the T-tube facilitates cleaning and suction- 
ing. Tæ external portion of the tube can be tilted in 
an inf=ior or superior direction to facilitate inser- 
tion o suction tubing. Long T-tubes (Fig. 3B) are 
suppli=i to treat defects in the thoracic trachea. 


This instruction manual has been compiled to as- 
sist thedoctor, nurse and family with the care of the 
patient who has a silicone tracheal T-tube in place. 


FEATURES OF THE SILICONE TRACHEAL T-TUBE 


l. serves as both a stent and a tracheotomy 
tube. 


2. Silicone initiates little or no tissue reaction. It 
does net harden with prolonged contact with body 
tempexature and secretions. 





Fig. 1. A) Original tracheal T-tube stent constructed from acrylic. Components are: upe and lower halves of the 


T-tube, two lock washers and a plug. B) The two halves have been jena after being inserte 
trachea. The first lock washer is applied to the external limb. C) T 


From the Massachusetts Eye and Ear Infirmary, Boston, Massachusetts. 


into the proximal and distal 
1e Png and second lock washer are in place. 
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Fig. 2. A, B) The silicone T-tube which serves as both a tracheal stent and a tracheotomy tube. The plug is also made of 
silicone. The pertion of the T-tube which projects from the tracheotomy orifice is of a smaller diameter than that of the intra- 
luminal portion. The two intraluminal portions of the T-tube are of different lengths. 


3. The intraliminal portion is of sufficient den- 
sity and thickness to support a reconstituted or 
reconstructed stenctic trachea. 


4. The intraluminal portion is sufficiently soft 
so as not to injure the lining or supporting structure 
of the trachea. 


5. The ends of the tube are tapered. Thus, in- 


ya mm. 











jury does not occur with asynchronous motion be- 
tween the end of the tube and the tracheal mucosa. 


6. Mucus and crusts do not readily adhere to 
the very smooth surfaces of silicone rubber. 


7. The T-tube is widened by the curvature at 
the junction of its intraluminal and extraluminal 
portions. This 1) supports the anterior tracheal wall 





Fig. 3. A) Regular silicone tracheal T-tube stents are available from size 4.5 mm (outside diameter) to 16 mm. Infant, 
4.5-6 mm; pediatric, 8 mm; adolescent and adult female, 10-13 mm; adult male, 12-16 mm. B) Extra long T-tubes are used 


to stent stenosis of the thoracic trachea. 
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at the tracheotomy site, and 2) facilitates suctioning 
and cleaning. 


8. The extraluminal portion is of sufficient 
length so that it can be used with an obese neck. 
This portion of the T-tube can be shortened simply 
by cutting with scissors. 


9. The silicone T-tube is supplied with a plug 
which is inserted with a slight twist. The plug re- 
mains in place by friction and will not become dis- 
lodged even with forceful coughing. 


10. Frequent changing of the T-tube is not neces- 
sary. In cases where the trachea cannot be 
reconstructed it has remained in place and plugged 
for more than three years without a change. 


11. Most of the time the T-tube remains plugged 
(one patient 6'/, years). This allows for normal 
respiration and phonation while the stent is in 
place. 


USES OF THE TRACHEAL T-TUBE 


1. Acute tracheal injuries. 

2. Support reconstituted trachea. 

3. Support reconstructed trachea. 

4. With segmental resection and anastomosis. 
5. Support intrathoracic tracheal stenosis. 


6. Use with tracheal stenosis when the cervical 
or thoracic trachea cannot be repaired. 


7. Use as a substitute for the cervical trachea 
when it cannot be reconstructed. Currently there 
are six such patients with the T-tube in place rang- 
ing from 2-7 years. A few patients in this group 
have ever a period of years regenerated a mucosa- 
lined rachea supported by scar tissue which has re- 
mained adequately patent so that a T-tube or a tra- 
cheetemy is not necessary. 


SUCTIONING OF THE SILICONE TRACHEAL 
T-TUBE 


The external portion of the T-tube can be tilted 
superDrly or inferiorly to facilitate suctioning (Fig. 
4). It s important to select a suction catheter small 
enough to be easily inserted. As a general rule, most 
patierts require suctioning both superiorly and in- 
ferior y several times a day during the first ten days 
after msertion of the T-tube. Thereafter, twice dai- 
ly sacciening is required. 


It is mot necessary to insert the suction catheter 
any geat distance beyond the ends of the T-tube. 
This cn y produces irritation of the tracheal lining 
and coughing. 


TECHNIQUE FOR INSERTING THE SILICONE 
TRACHEAL T-TUBE 


The T-tube should be inserted by the surgeon 
(Fig. 5). Suction apparatus and a large, narrow, 
curve hemostat are the needed equipment. Usually 
the T tube is inserted in the operating room while 
the petient is under general anesthesia. It can be in- 





Fig. 4. A) Silicone tracheal T-tube stent in place with a plug insertec into its extraluminal limb. The upper intraluminal 
limb is usually shorter than the lower, although these can be reversed if . deitional length is needed superiorly. The junction 
of the intraluminal and extraluminal portions of the T-tube is designed -o facilitate insertion of a suction tubing. B) When 
suctioning the lower segment of the T-tube and trachea, the extralumina_ limb is elevated as the suction tubing is inserted. C) 
The suction tubing is directed superiorly into the upper intraluminal tracaeal limb of the T-tube by bending the extraluminal 
limb in an inferior direction. i 
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serted in the office or at the bedside in patients who 
have had the T-tube in place for several months. 


REMOVAL OF THE SILICONE TRACHEAL T-TUBE 


Most patients have not required a change of the 
tracheal T-tube prior to its final removal. On ocea- 
sion, however, it is necessary to remove and replace 


the T-tube and this should be done: 


l. if the intraluminal portion of the T-tube 
becomes partially obstructed and cannot be 
cleaned; 


2. if the T-tube is not in proper position: 


3. as an emergency (by doctor, nurse or rela- 


tive) if the T-tube becomes obstructed. A metal 
tracheotomy tube with obturator should be kept on 
hand to be inserted immediately after emergency 
removal of the T-tube. 


To remove (Fig. 6), the external limb of the T- 
tube is grasped with the thumb and index finger of 
the right hand while the index and second finger of 
the left hand are pressed against the skin above and 
below the external limb of the T-tube. The T-tube is 
removed by a steady firm anterior pull. On rare oc- 
casions (if the T-tube has been in place for many 
months) it may be necessary to make a small ver- 
tical incision in the skin above or below the external 
limb of the T-tube to facilitate removal. 





(1)—- Release pe 





(2)-Pu y 
A © 


\G 






ill, 
peL agag 
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Fig. 5. A) The upper limb of the intraluminal portion of the T-tube is grasped with a hemostat and the lower limb is in- 
serted into the tracheotomy fenestration. B) As the tube is inserted, the lower limb of the intraluminal portion is directed in- 
feriorly into the distal trachea. C) When the entire intraluminal portion of the T-tube is within the tracheal lumen, the exter- 
nal portion of the T-tube is grasped with a second hemostat just before the first hemostat is released. D) An anterior pull on 
the exterior portion of the T-tube will direct the upper limb of the intraluminal portion into place. E) T-tube is in place and 


the silicone plug has been inserted. 
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Fig. 6. A) Patient is shown with a silicone tracheal T-tube in place. B The plug has been removed. Anesthesia is admin- 
istered via the external limb of the T-tube. C) A finger is placed aboveare below the external limb to exert pressure in a pos- 
terior direction. The exterior limb is pan anteriorly. D) As the T-tube - dulled from the trachea, the upper and lower in- 


traluminal limbs buckle towards eac 


other. E) The T-tube “springs bae ` to its proper shape after the intraluminal limbs 


part from the tracheotomy fistula. F) An endotracheal tube is inserted -til the patient has recovered from general anes- 


thesia. 


GRAFTS APPLIED TO THE SILICONE 
TRACHEAL T-TUBE 


A split-thickness skin graft is obtained from the 
supraclavicular region with a half razor blade on a 
large hemostat or with a small electric dermatome. 
The graft is usually applied to the patient but on oc- 
casion may be applied directly to the T-tube (Fig. 7 
B, C). Mucoperiochondrial grafts from the nasal 
septum have been used successfully. A thin graft is 
easy to obtain and secure in place. Mucous mem- 
brane grafts are obtained from the buccal region 


being eareful to avoid injury to the parotid duct or 
orifice The buccal defect is closed either horizon- 
tally æ vertically depending on the size and shape 
of the araft obtained (Fig. 7 A). 


ANESTHESIA VIA T-TUBE 


The Iss of anesthesia or air through the upper in- 
traluramal limb of the T-tube while it is in place 
during surgery has been a problem. A simple solu- 
tion t- this problem is to use the versatile Shiley 
arteria embolectomy catheter to obstruct the upper 





Fig. 7. A) Photograph of the repair following resection of a large be«cal mucosal graft. The incisions should avoid the 


porone duct papillae and orifice. A 2 x 4 cm mucous membrane graft cambe obtained from the nasal septum. There is ve 
i 





ttle shrinkage with this graft because of its dense submucosal fibrous lay= . A split-thickness skin graft is best obtained fp6m 
the supraclavicular region for it is in the field of operation and void of hai: 8B) The graft is being sutured to the T-tube. qan 
be placed at any level. Chromic catgut sutures (No. 4-0) are used to attache graft to the intratracheal portion of the sil{pone, 
T-tube. C) Grafts above and below the center of the T-tube have been suta ed together. These are used to repair areas vpid al 


mucous membrane at the level of the tracheotomy orifice, which is at a >wer cervical tracheal level. 





'MOJ} 11E JO UOTDaIIP 
Əy} A}BOIPUI SMOE JL 'ƏqQNI-,L ey} Jo quiy, eurupeu saddn ayy BUNPOJq paye[ful Mou ST 194947 Əy} JO UOOT[eG 94], (D 
‘(MOLIP) oe payalIp SI JUV O|aYysoue ay} JO YON sny} PUB paze[JUI Usaq 0U sey 134949 BY, ‘aqn}- J, PAYL ay} 
jo quit] 1əddn ay} 0}U1 payiasul Usaq sey (19749 AUIOJa[Oq Wa Jenae Aa[tys) Jayeyyeo gAyesOY ay], (g “BPaYyoRI) [VISIP ay} 
0} pazDeIIp aq ABU BISAY}SeUB BY} OS 9qN}- L 94} Jo QUIT] [eUTUIN;eQUI zaddn ay} }on1}sqo 0} papssu juswidinby (y ‘8g BIA 





MONTGOMERY SILICONE TRAC JALAL T-TUBE 7 





q(t 


Vor yyy 






Balloon not inflated 










fd , 
Ww {\ we 
\\ \\\ 
Y i 


Balloon inflated \ a, 


IX’ 








EN 
« ` > 


Fig. 9. A) The Fogarty catheter (Shiley arterial embolectomy catheter) has been inserted into the upper intraluminal 
limb of the T-tube. Arrows indicate the direction of air flow. B) The ba loon of the embolectomy catheter has been inflated 
so as to obstruct the lumen of the upper intraluminal limb of the T-tube. ©) An endotracheal tube is inserted into the extra- 
luminal limb of the T-tube. By so doing, a closed system is established with the distal tracheobronchial system. 


AG 





Endotracheal tube 


intraluminal limb of the T-tube (Figs. 8 and 9 A). respiration with the silicone tracheal T-tube in 
The endotracheal tube attached to the extraluminal place. 

portion of the T-tube is disconnected. The embolec- 

tomy catheter is inserted into the upper intralumi- PREOPERATIVE AND POSTOPERATIVE ORDERS 


nal segment and inflated (Figs. 8 and 9 B, C). A 
closed system between the anesthesia apparatus and 
the distal trachea is reestablished when the en- Mazi scan (adult) CBC (child) 
dotracheal tube is attached to the T-tube (Figs. 8 Urinalysis 

and 9 C). This technique also permits assisted Chest x-ray 


Preop=rative work-up: 
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Soft tisse x-ray series of larynx and trachea with 


copper filtration 


EKG (adult ever 40 years) 
Regular diet 
Preoperative antibiotics 


IV artibio-ic started as soon as the preanes- 


the-ic IV is inserted 


Postoperat ve cere of the T-tube: 


k; 


Antibiotics 
— ~ — Continue IV hours 
postoperatively 
qid po 
. Constant Fumidity (ultrasonic preferred) 


3. Extermal limb of T-tube 


- plugged when recovered from anesthesia if 
possible 
- if not, humidified air over T-tube 


. Suction at least four times daily upwards and 


downwards 


. Muccmyst® (10%) (1'4-2 cc) or sodium bicar- 


bona-e solation (5%) (2 cc) 
- every four hours, introduce slowly 


. Normal saline solution (2-5 cc) 


- every four hours or 15 minutes after No. 5 


. Clear skin around external portion of T-tube 


three times a day 

- remove crusts 

- apply Bezadine® solution or Aureomycin® 
(chlorotetracycline HCl) ointment 


Clean inside of T-tube 
- cotton-tipped applicator dipped in peroxide 


- finish cleaning with dry cotton-tipped ap- 
plicator 


After first 7-10 days: 


bs 
2. 


ð. 


Continue plug in external limb if possible 


Suction upwards and downwards two to three 
times a day 


Mucomyst (10%) or sodium bicarbonate solu- 
tion (5%) twice daily 


. Continue cleaning of external limb twice daily 


- inside and outside 


Continue skin care around T-tube twice daily 


Remove and replace T-tube as needed: 


bs 
2. 
3. 


See instructions 
Doctor only unless emergency 


If obstructed, pull out immediately and insert 
a tracheotomy tube (see Table 1). A 
tracheotomy tube should be with the patient 
at all times in case an emergency removal is 
necessary. 


TABLE 1. CORRESPONDING T-TUBE AND 
TRACHEOTOMY TUBE SIZES 


Size Shiley 
Size T-Tube (mm) Tracheotomy Tube 

4.5-6 00 
8 0 

9 l 
10 2 
11 3 
12 4 
13 6 
14 6 
16 8 
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Headstand ? 


No! 

The Zeiss ENT Contraves Stand 
You'll never want to put your Zeiss 
Operation Microscope in this 
position, but we ve put this one 
there to demonstrate the incredi- 
ble stability of the Contraves 
Stand for ENT. The precision count- 
erbalance system lets you move 
your OpMi at a finger's touch, 

in one continuous movement, 

to wherever you want it... for 
instance, into position to operate 
on the inner ear. It will stay put. 


Your OpMi will stay 
where you want it. 


It's so stable youd swear It was 
gyroscopically stabilized. The 
OpMi floats free, as if there were 
no-gravity, and stays in place with- 
oul tightening any knobs or 
screws. It won't move until you 
move it. It can be extended 
outward 12”, elevated or lowered 
8" giving you a targeting zone of 
24" x 16” without moving the 
Stand at all. 

Nationwide dealers and service. 


The great name in optics 


West Germany 





Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los Angeles, 
San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660. 
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EXCLUSIVEL 


Five-Fold 
Magnification 


The Richard Wolf Laryngo-Epipharyngoscope with 
its exclusive five-fold magnification feature now 
makes it possible for the ENT physician to zoom 
in for those often needed closeup views of the 
epipharynx, larynx and hypopharynx. This means 
a more prompt, accurate and reliable diagnosis. 


Our quality lens system provides the sharpest, 
crispest image obtainable today. Additionally, an 
air flow channel prevents the lens from becoming 
fogged during patient examination. 


Accessories for easy adaptability to movie, slide 
and video tape equipment are available. 


Write or call today for further information on this 
or other precision instruments in the Richard 
Wolf line. 





Telephone 312/298-3150 


Precision Endoscopes, Internationally approved by the Medical Profession for over 70 years. | K 


< 
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R.WOLF 


RICHARD WOLF MEDICAL INSTRUMENTS CORP ’ k 
7046 Lyndon Avenue, Rosemont, Illinois 60018 


R.WOLF 
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MAGNIFIED VIEW 
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Kyoto or Brooklyn? 


This beautiful fapanese garden is 
actually located in the 

Botanic Garders in Brooklyn, 

New York. Whether your patient 

is visiting Kyotc or staying at home, 
it's good to know SUDAFED S.A. 
can give depencable, 12-hour relief 
of nasal and sinus congestion. 


Sudated 








3A. 


pseudoephedrine HC!) 120 mg 


For relief of nasal 
and sinus congestion 
without drowsiness 


m contains no antihistamine, aspirin 
or acetaminophen 

m freer breathing and eustachian 
tube patency restored with 

a single, effective ingredient— 
pseudoephedrine HC] 

m convenient b.i.d. dosage helps 
encourage patient compliance 

m available with your prescription 


m also available: Sudafed” 60 mg 
tablets 


Sudafed S.A. 


Sustained Action Capsules 
(pseudoephedrine hydrochloride) 
INDICATIONS: Sudafed S.A. Capsules are indi- 


cated for the relief of nasal congestion or eustachian 
tube congestion. Sudafed S.A. Capsules may be given 
concurrently, when indicated, with analgesics, anti- 
histamines, expectorants and antibiotics. 


CONTRAINDICATIONS: Sympathomimetic 
amines are contraindicated in patients with severe 
hypertension, severe coronary artery disease, and in 
patients on MAO inhibitor therapy. Patient idiosyn- 
crasy to adrenergic agents may be manifested by 
insomnia, dizziness, weakness, tremor or arrhyth- 
mias. 

Children under 12: Sudafed S.A. Capsules should 
not be used in children less than 12 years of age. 

Nursing mothers: Pseudoephedrine is contraindi- 
cated in nursing mothers because of the higher than 
usual risk for infants from sympathomimetic amines. 

Hypersensitivity: This drug is contraindicated in 
patients with hypersensitivity or idiosyncrasy to sym- 
pathomimetic amines. 


WARNINGS: Sympathomimetic amines should be 
used judiciously and sparingly in patients with 
hypertension, diabetes mellitus, ischemic heart dis- 
ease, increased intraocular pressure, hyperthyroid- 
ism, and prostatic hypertrophy. Sympathomimetics 
may produce central nervous stimulation with con- 
vulsions or cardiovascular collapse with accompany- 
ing hypotension. i 
Do not exceed recommended dosage. 
Use in Pregnancy: The safety of pseudoephedrine 
for use during pregnancy has not been established. 
Use in Elderly: The elderly (60 years and over) are 
more likely to have adverse reactions to sympathomi- 
metics. Overdosage of sympathomimetics in this age 
group may cause hallucinations, convulsions, CNS 
epression, and death. Therefore, safe use of a 
short-acting sympathomimetic should be demon- 
strated in the individual elderly patient before con- 
sidering the use of a sustained-action formulation. - 


PRECAUTIONS: Pseudoephedrine should be 
used with caution in patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-reactivity 
to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions such as 
tachycardia, palpitations, headache, dizziness or nau- 
sea. Sympathomimetic drugs have been associated 
with certain untoward reactions including fear, anxi- 
ety, tenseness, restlessness, tremor, weakness, pallor, 
respiratory difficulty, dysuria, insomnia, hallucina- 
tions, convulsions, CNS depression, arrhythmias, 
and cardiovascular collapse with hypotension. 


DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects of pseu- 
doephedrine (sympathomimetics). 

Sympathomimetics may reduce the antihyperten- 
sive effects of methyldopa, mecamylamine, reserpine 
and veratrum alkaloids. 


DOSAGE AND ADMINISTRATION: One cap- 
sule every 12 hours. Do not give to children under 12 
years of age. 


HOW SUPPLIED: Sudafed S.A. is available in 
capsules of 120 mg (clear red top and clear body) with 
Wellcome code H9B, bottle of 100. 

Sudafed is also available in forms other than 
sustained action: tablets of 30 mg sugar-coated (red), 
box of 24, bottles of 100 and 1000; tablets of 60 mg 
scored (white) with Wellcome I.D. code imprint $7A, 
bottles of 100 and 1000; syrup 30 mg per 5 cc, bottles 
of 4 fl. oz. and | pt. 

Unit of Use: Tablets of 60 mg—Bottle of 100 with 
child-resistant cap. 


*Virtually without pressor effect in normotensive 


patients. Use with caution in hypertensives. 


Research Triangle Park 
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AMPICILLIN RESISTANCE IN HAEMOPHILUS 


(Percentages are ampicillin-resistant H. influenzae isolates* ) 
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*|solates obtained trom a variety of body fluids (such as middle-ear exudate and blood) 
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15.6% 


WASHINGTON: D.C. 
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Vestibulom 
Instrument 


THE MOST COMPREHENSIVE SELECTION AVAILABLE 


Instruments not shown above include: 
e Single-channel electronystagmograph 
Projecting eptokinetic and sinusoidal-tracking stimulator 
Light-bar calibrator and gaze tester 
Torsion-swing chair 


BACKED BY SERVICE 


Nationwide service center network supported by complete 
factory service department. 
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SPECIALLY TRAINED FIELD- 

SERVICE PERSONNEL 

Install all laboratories and 

familiarize the tester with ie 
NYSTAGMUS VELOCITY instrument operation. p 
COMPUTER l 
Replaces tedious, hand-calculations 


N 


with a single button-push ag 





DUAL-CHANNEL 
ELECTRONY SI AGMOGRAPH 
Plug-in, modular components 
Engineered to produce clean, 
artifact-free records. 
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INSTRUMENT CART (optional) 
Incorporates all instruments into a 
single, compact, portable unit. 


WATER CALORIC IRRIGATOR 
Unsurpassed accuracy. Exceptionally 
easy to clean and refill 


AIR CALORIC IRRIGATOR 
Provides warm or cold stimuli. No 
internally circulating fluids 


Life-Tech 
Instruments, Inc. 


BOX 36221- HOUSTON. TEXAS 77036 - (713) 783-6490 





Diseases of the External Ear 


lg An Otologic-Dermatoleg e Manual 
Second Editian 
By BEN H. SENTURIA, M.D., MORR sÐ. MARCUS, M.D., and 
FRANK E. LUCENTE. M.D. 


DISEASES OF THE EXTERNAL EAR: An Otologic- 
Dermatologic Manual redects the man» years of teaching and 
clinical experience of the authors in the fields of otology and 
dermatology. This book provides an ix tegrated otologic anc 
dermatologic background for an undesstanding of the mani- 
fold and diverse diseases which affect : 12 external car, cxam- 
ining and illustrating clearly the anator-y and histology of the 
external ear. It reviews the technique for examination, de- 
scribes and illustrates ir 220 color am! 90 black and white 
illustrations the diagnosis of the cemaon and the unusual 
diseases and disorders which affect We car. Detailed and 
specific recommendations for prophy=xis and therapy are 
provided. This useful handbook wil! help all medical practi- 
tioners—from otologists and dermatc wgists to pediatricians 
and family practitioners—-manage dizzases of the external 
ear. 


CHAPTER HEADINGS: Anatomy 2nd Histology. Tech- 
niques of Examination. Principles of “herapy and Prophy- 
laxis. Diseases Due to Infection. Psycsocutancous Diseases. 
Allergic Diseases. Diseases Due to Teuma. Foreign Bodies 
(Vegetable, Mineral and Animal). Ge iatric Changes. Meta- 
bolic and Endocrine Disorders. Discæes of Unknown Etiol- 
ogy. Malformations. Cysts, Tumor-Lkz Lesions and Tumors. 
Appendices. Index. 


1980, 204 pp., illas. $30.00 ISBm. 0-8089-1249-6 
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A Subsidiary of Hercourt Brace Jexæzwich, Publishers 


111 FIFTH AVENUE, NEW YOE, N.Y. 10003 
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Please send me the following: 

Copies, Senturia: Diseases of Tie Ex- 
ternal Ear, $30.00 

Please check one box: 

[] Payment enclosed (Free postage and 
handling. Add applicable sales tax.) 

C1 Visa m Master Charge* 

M American Express rq Diner’s Club 


Charge Card Nia. 
NAME 
AFFILIATION 
ADDRESS 





{please priat) 


Expiration Date: Month- Y ear 
*For Master Charge include the numbers 
that apmzar above your name 

Your sawature_____ TTF 
On prezid orders, payment will be re- 
funded for titles on which shipment is 
not posable within 120 days. Prices are 
in WS. dollars and subject to change 
withous. aotice. 











CON IST a a 
C} Please check if you ave a Grune & Steon or Academic Press 


Author. 


Direct all orders to Georzia Phillips, Medic Dept. AOItRhLa 


Great Moments in Space... 


.“Houston, Tranquility Base 
here. The Eagle has landed.” 
— Neil A. Armstrong 





When America landed on the moon... On. ily 
20, 1969, Astronauts Neil A. Armstrong and Edwin “Buzz” Aldrir Jr. 
fulfilled a dream man has had for centuries. Indeed, the Eagle =d 
landed. 

Captivated, a world-wide audience watched in awe as Astror aut 
Armstrong stepped onto the moon and into history with the state- 
ment “That's one small step for a man, one giant leap for mank 1d.” 
Minutes later Armstrong and Aldrin planted the American flag on tae 
moon's surface, set up equipment for future experiments, recormed 
each other's historic steps on film, and scooped up 21 kg (46 lbs of 
rock and soil samples. 

The men of NASA had realized an age-old dream by concaer- 
ing another space frontier. 


Actifed was there! Since the first manned Apollo flig=in 
1968, Actifed has been the decongestant/antihistamine of choice for 
NASA's astronauts. The reason? Actifed works! 

In fact, during five Apollo missions, astronauts took Actifec for 
symptomatic relief of colds* and nasal congestion.' Actifed dié its 
job... and the astronauts went on to do theirs. 

Because of its successful record in space, Actifed is schede ed 
to be aboard the upcoming Space Shuttle. The 1980s mark the be- 
ginning of a new era in aerospace research ... and Actifed wil be 
there! 


*This product has been evaluated as “lacking substantial evidence of effectiveness as a fixed-co 
bination” for this indication. Please see prescribing information. 

tThis product has been evaluated as “probably” effective for this indication. Please see prescrib « 
information. 


1. Astronaut Neil A. Armstrong taking his historic first stepson the moon 2. A>wllo 
7 — the first manned Apollo space mission 3. Skylab — the first American F=me 
269 miles above earth 4. Blastoff — Cape Canaveral, Florida 


For symptomatic relief of winter cold symptoms* 
(and year-round allergic rhinitis) T 


ACTIFE 


Tablets/Syrup 


Each scored tablet contains ACTIDIL® (triprolidine HCI) 2.5 mg, SUDAFED 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL” 1.<* mg f, 
and SUDAFED® 30 mg. 









Burroughs Wellcome Co. ; 7 See brief summary of prescribing information on next page. 
Research Triangle Park e 
North Carolina 27709 
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Wellcome 


ACTIFED 


Tablets/Syrup 


Each scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg, SUDAFED® 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL® 
1.25 mg and SUDAFED” 30 mg. 


Part of the NASA Space Medicine Kit since 1968. 
And scheduled aboard the upcoming Space Shuttle Orbiter. 


ACTIFED® Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National Academy of Sciences — National Research 
Council and/or other information, FDA has classified the indications as follows 

*“Probably” effective: For the symptomatic treatment of seasonal and perennial allergic rhinitis and 
vasomotor rhinitis 

**“Lacking substantial evidence of effectiveness as a fixed combination”: For the prophylaxis and treat 
ment of the symptoms associated with the common cold 

Final classification of the less than effective indications requires further investigation 















CONTRAINDICATIONS: Contraindicated ir newborn or premature infants; in nursing mothers. for the treatment 
of lower respiratory symptoms including asthma; in patients hypersensitive to: 1) triprolidine hydrochloride and 


other antihistamines of similar chemical structure; and/or 2) sympathomimetic amines including 
Pseudoephedrine; in patients on nonoamıne oxidase inhibitor therapy (see Drug Interactions Section) 
WARNINGS: Use with considerable cauton in patients with: increased intraocular pressure (narrow angle 


glaucoma). stenosing peptic ulcer, pylorsduodenal obstruction, symptomatic prostatic hypertrophy, bladder 
neck obstruction, hypertension, diabetes mellitus, ischemic heart disease, hyperthyroidism 


Sympathomimetics may produce central vervous stimulation with convulsion or cardiovascular collapse with 
accompanying hypotension 
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Use in Children: As in adults. the combination of an antihistamine and sympathomimetic amine can elicit 
either mild stimulation or mild sedation in children. In the young child, mild stimulation is the response most 
frequently seen In infants and children, especially, antihistamine in overdosage may cause hallucination 
convulsion or death, Large doses of pseudoephedrine are known to cause asthenia, lightheadedness, nausea 
and/or vomiting 


Use in Pregnancy: Experience with this drug is inadequate to determine whether there exists a potential for 
harm to the developing fetus 


Use with CNS Depressants: Triprolidine has additive effects with alcohol and other CNS depressants (hypnot 
ics, sedatives, tranquilizers, etc.) 


Use in Activities Requiring Mental Alertness: Patients should be warned about engaging in activities 
requiring mental alertness as driving a car or operating appliances, machinery. etc 


Use in the Elderly (Approximately 60 years or older): Antihistamines are more likely to cause dizziness 
sedation and hypotension in elderly patients. Overdosages of sympathomimetics in this age group may cause 
hallucinations, convulsions, CNS depression, and death 


PRECAUTIONS: Use with caution in patients with: history of bronchial asthma, increased intraocular pressure 
hyperthyroidism, cardiovascular disease. hypertension 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the anticholinergic (drying) effects of antihis 
tamines and overall effects of sympathomimetics. Sympathomimetics may reduce the antihypertension effects 
of methyldopa, decamylamine, reserpine, and veratrum alkaloids 


ADVERSE REACTIONS: The most frequent adverse reactions are underlined 

1. General: Urticaria, drug rash, anaphylactic shock, photosensitivity, excessive perspiration, chills. dryness of 
mouth, nose and throat 

2. Cardiovascular System: Hypotension, headache, palpitations. tachycardia, extrasystoles 

3. Haematologic System: Hemolytic anemia, thrombocytopenia, agranulocytosis 

excitation, nervousness, tremor, irritability, insomnia, euphoria, paresthesias, blurred vision, diplopia, vertigo, 
tinnitus, acute labyrinthitis, hysteria, neuritis, convulsions, CNS depression, hallucination 

9. G.I. System: Epigastric distress. anorexia, nausea, vomiting. diarrhea, constipation 

6. G.U. System: Urinary frequency. difficult urination, urinary retention, early menses 

]. Respiratory System: Thickening of bronchial secretions, tightness of chest and wheezing, nasal stuffiness 


OVERDOSAGE: Overdosage reactions may vary from central nervous system depression to stimulation Stimula- 
tion is particularly likely in children. Atropine-like signs and symptoms: dry mouth: fixed, dilated 
pupils; flushing; and gastrointestinal symptoms may also occur 


If vomiting has not occurred spontaneously the patient should be induced to vomit. Precau 
tions against aspiration must be taken, especially in infants and children. If vomiting is 

unsuccessful gastric lavage is indicated within 3 hours after ingestion and even later if 
large amounts of milk or cream were given beforehand. Isotonic and 4% isotonic saline ts 
the lavage solution of choice 








saline cathartics, as milk of magnesia, draw water by osmosis into the bowel and therefore 
are valuable for their action in rapid dilution of bowel content. Stimulants should not be used 
Vasopressors may be used to treat hypotension 


DOSAGE AND ADMINISTRATION: Dosage should be individualized according to the needs and the 


response of the patient 
Tablets 
Adults and children 12 years and older l 


Usual Dose: 
Children 6 to 12 years 3-4 
= = times 
Children 4 to 6 years | 
Children 2 to 4 years | |] 


Children 4 months to 2 years 
















Syrup 
teaspoonfuls (5 cc) 

















HOW SUPPLIED: 
Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100 
Actifed Syrup — Bottles of 1 pint and 1 gallon 


Unit of Use 
Tablets — Bottles of 30 and 100 with child-resistant cap 


a 


Syrup — 4 0z. bottle with child-resistant cap 


Burroughs Wellcome Co. 


Research Triangle Park 
Wellcome! North Carolina 27709 
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An exclusive ball-and-socket 
design for a custom fit with the 
tympanic membrane 


The unique ball-and-socket design of 
Richards Tilt-Too™ TORP® prostheses 
allows for a custom fit with the tympan- 
ic membrane and offers the surgeon 
optimum versatility in adjusting the: 
implant to fulfill the individual needs 

of the anatomy of the middle ear. 


The positional variances in eardrum- 
oval window relationships that 

can occur from case to case are 
easily accommodated with the 
Tilt-Top TORP prostheses. 


Two types of Tilt-Top TORP prostheses 
are available to the surgeon: one 

is Made of all Plasti-Pore®, a high den- 
sity porous polyethylene that is well 
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= lerated by the body; the other is de- 
=9ned with Plasti-Pore anda blue low- 
“density polyethylene shaft that does 
=o} invite tissue ingrowth. E = 
“Fe Polyethylene Shaft Tilt- | 
p TORP is recommend- 

=d for use in cases where 

_# wanted tissue ingrowth 

ao the shaft is likely. 


Eth prostheses have a 9mm (.35") 
rall length, a 4.0mm (.156") flange 
c<ameter, and an .Bmm (.034”") 

© oft diameter. 








*Total Ossicular Replacement Prosaesis 





Prostheses 


Patent “eng 





Richards Manufacturing Co., Inc. 


YOUR MICROSURGERY COMPARY mes RICHARDS 


Memphis, Tennessee 38116, U.S.A. 


© 1980 All Rights Reserved 


MEAN RATING 





WHEN DIZZINESS 
IS A SYMPTOM OF THE 
BROADER PROBLEMS 
OF AGING... 


Dizziness, confusion, mood-depression...oftensymptoms indicative 
of functional and mental decline in the elderly 


With the growing awareness that mental and functional deterioration 
need not be an inevitable consequence of aging, many physicians 
have turned to Hydergine therapy for relief of symptoms such as 
dizziness, confusion, and mood-depression. Because the target 
symptoms ar2 of unknown etiology, a careful diagnosis should be 
attemoted before prescribing Hydergine therapy. 


When the symptoms are multiple, the therapy is often singular: 
Oral Hydergine® Tablets 


Untreated, distressing symptoms of the elderly often further impair 
their abilityt0 carry on normal daily activities. With the beneficial effect 
of Oral Hycergine tablets, many patients find their symptoms reversed 
or ameliorated. 


Not a vascdilator; Hydergine therapy proved superior to papaverine 
in treatingselected age-related symptoms...including dizziness ' 


In a 12-week double-blind study involving 60 outpatients with a mean 
age in the mid-sixties, results were evaluatec in 53 patients. The 26 
patients or hydergine therapy (two 0.5-mg sublingual tablets t.i.d.) 
had significantly greater (P<0.01) relief of dizziness than the 27 patients 
on papave-ine (two 50-mg capsules t.i.d.). Furthermore, overall 
clinical comd tion and Global Change for Hydergine patients improved 
more thantwice as much (P<0.01) as for papaverine patients’ 





































GLOBAL CHANGE* DIZZINESS* 


MEAN RATING 


O 3 6 9 I2 


WEEK WEEK 
0 No Change 1. Normal or Absent 
1. Shghtly Improved 3. Mildly Abnormal 
2. Mach Imoaroved 5. Moderately Abnormal 
3. Very Muc | mproved 7. Markedly Abnormal 
mms Hydergne Patients * Significantly (P<0.01) Greater Change Favoring Hydergine Patients 


mee =æ oe Papaverine Patients Adapted from Rosen! © 1980 Sandoz. Inc 



















For effective therapy: proper patient selection 
and dosage 

e Determine if at dizziness is due to the aging process 
and not due o specific conditions such as middle-ear 
disease, toxic reactions, and others. 

* Most suitable candidates for Hydergine® therapy are 
patients experiencing mild to moderate dizziness. 

* Give enougn...1 mg t.i.d. 

* Give long enough...for most patients Hyderginetherapy 
works gradually and subtly, and beneficial effects are 
usually seen within four to six weeks. 

* Oral formula ion eliminates need for sublingual tablets. 
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® TABLETS, 


-ach 1 mg Hydergine talet contains dihydroergocornine mesylate 0.333 mg, dihy- 
‘roergocristine mesylate 0.333 mg, and dihydroergocryptine (dihycro-alpha-ergocryptine 
ond dihydro-beta-ergoc-yptine in the proportion of 2:1) mesylate 0.333 mg, representing 
3 total of 1 mg. 
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Rosen HJ: Mental decline in the elderly Pharmacotherapy (ergot alkaloids versus papaverine), 
»Am Geriatr Soc 23:169-\7-, 1975. 


Gontraindications: Hypersensitivity to the drug. 

Brecautions: Because tre target symptoms are of unknown etiology, careful diagnosis 
ould be attempted berre prescribing Hydergine tablets and sublingual tablets. 
Fverse Reactions: Serius side effects have not been found. Some Sublingual irrita- 
ton, transient nausea, and gastric disturbances have been reported. Hydergine tablets 
aid sublingual tablets © not possess the vasoconstrictor properties of natural ergot 
alkaloids. 

osage and Administrafan: | mg three times daily. Alleviation of symptoms is usually 
g-adual and results mayanot be observed for 3-4 weeks. 

How Supplied: Hydergine tablets (for oral use) 1 mg, containing dihydroergocornine 
mesylate 0.333 mg, dihydroergccristine mesylate 0.333 mg, and dihydroergrocryptine 
(eihydro-alpha-ergocrypt.ne and dihydro-beta-ergocryptine in the proportion of 2:1) 
mesylate 0.333 mg, representing a total of 1 mg: packages of 100 and 500. Hydergine 
Sublingual tablets 1 mg containing dihydroergocornine mesylate 0.333 mg, dihy- 
droergocristine mesylate 1.333 mg, and dihydroergocryptine (dihydro-alpha-ergocryptine 
and dihydro-beta-ergocrystine in the proportion of 2:1) mesylate 0.333 mg, representing 
a otal of 1 mg; packages of 100, 500, and 1000. Hydergine sublingual tablets 0.5 mg, 
containing dihydroergoeomine mesylate 0.167 mg, dihydroergocristine mesylate 0.167 
me, and dihydroergocrypt ne (dihydro-alpha-ergocryptine and dihydro-beta- 
erzocryptine in the propor ion of 2:1) mesylate 0.167 mg, representing 

a ‘otal of 0.5 mg; packages of 100 and 1000. 

Beore prescribing, see pzkage insert for full product information 
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We have designed our cup-piston prosthesis to conform 
precisely to zhe anatomy of the ear. | | | | | 
The cup acts as a firm and accurate seat for the lenticular 

process of tke incus. A notch in the cup cradles the arm of the 
incus, reducing the possibility of pressure necrosis. The wire bail 
aids in positioning and stabilization. | | | | 

| Prostheses are available in a variety of sizes and | 
modifications. The fitting alternative. From The Microsurgery 
Company. | 


For more information or to order: Call (800) 874-5797; 

(In Alaska, Florida or Hawaii, call (904) 731-7109 col- 

lect); TWX 810-827-6439; or write Xomed, Inc. 8641 

Baypine Road, Jecksonville, FL 32216. In Canada, call 

(416) 794-3665 or write Xomed Canada, 106 East e 
Drive, Brampton Ontario L6T-1C1. 
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CHEVALIER JACKSON LECTURE 
ESOPHAGEAL STENOSIS IN CHILDREN 


FLAVIO APRIGLIANO, MD 


RIO DE JANEIRO, BRAZIL 


Congenital anomalies that can produce esophageal stenosis as well as acquired diseases of the esophagus in children are described. The 
infant and child who refuse to accept solid foods must be submitted to roentgenologic and endoscopic examination. Dysphagia is sometimes 
difficult to recognize in infants and children. Endoscopic treatment alone or associated with surgery is successful in many cases if well in- 


dicated and precisely done. 


This is a never-to-be-forgotten privilege: to have 
been invited to present before you my best attempt 
to honor the memory of two world-famous physi- 
cians, father and son, whose distinguished name 
captions the Chevalier Jackson Lecture. I know the 
“Father of Bronchoesophagology” only through the 
study of his pioneer work; C. L. Jackson I knew 
well, both as the faithful successor to his father in 
advancing their work and also as a superb medical 
ambassador who promoted the friendships that give 
particular meaning to such a gathering as this. Nor 
can I forget that my earliest interest in this specialty 
was generously guided by a man whom the Jacksons 
trained, the late Dr. Paul Holinger. 


Esophageal stenosis in children is a most in- 
teresting and extensive chapter of esophageal 
pathology. I will present our experience and discuss 
the main aspects of the different types of stenosis. 
Some of our patients were treated by various 
methods of dilatation, endoscopic or not, and others 
had to be operated upon. The cases which under- 
went surgery were operated upon by Drs. Fernando 
Paulino and Claudio Souza Leite, in close coopera- 
tion with our department. I will mention the 
surgical pathology including microscopic examina- 
tion, but will not comment on the surgical tech- 
nique. 


Esophageal stenosis in children is either con- 
genital or acquired. The most common types of con- 
genital anomalies that produce stenosis are 1) con- 
genital webs, 2) congenital stenosis, 3) stenosis due 
to bronchial remnants, and 4) congenital idiopathic 
muscular hypertrophy. The congenital anomalies of 
the esophagus that produce stenosis are not very 
common. However we must be aware of this diag- 
nostic possibility in every infant or child who 
presents with difficulty in swallowing and frequent 
regurgitation. 

The clinical history of this group of patients with 


stenosis is very characteristic. Holinger et al! 
described this in an excellent review of the subject. 
As € rule, anomalies that reduce the lumen of the 
esophagus do not do so to the extent that they im- 
pede the passage of fluids through the stenotic area. 
During the first four or five months of life when the 
infant is on liquid diet there are no symptoms. 
Thereafter as semisolid foods are added to the diet, 
feeding problems are apt to manifest themselves. 
Regurgitation is an important symptom and very 
often it is mistaken for vomiting by the parents or 
the dhysician, and a long series of dietary changes 
takes place until the child swallows a large piece of 
fooc or a solid foreign body that obstructs the 
esophagus. This interval may last from months to 
years before diagnosis is made following the 
removal of the foreign body. The diagnosis of this 
group of anomalies is made by a roentgenographic 
study of the esophagus followed by esophagoscopy. 
Direct examination of the esophagus is of utmost 
importance, and today we can add to our ar- 
mamentarium the Storz-Hopkins system of optics 
whieh gives a brighter and more detailed image of 
the mucosa. 


Esophageal Web. The congenital esophageal web 
is a rare condition. We have seen only three cases 
(ages two years; three years. six months; and six 
years). The location of the web in the majority of 
the cases is in the upper esophagus. The x-ray is very 
characteristic, showing dilatation of the proximal 
segment, then the zone of the web followed by a 
normal esophagus. The esophagoscopy is diagnostic 
and therapeutic because the web is identified 
through the tube and in acvancing the esopha- 
goscope, the membrane is ruptured and the lumen 
of the esophagus restored (Figs. 1 and 2). 


Cengenital Esophageal Stenosis. Pm not con- 
vinced of the independent existence of so-called 
congenital stenosis of the esophagus. Some types of 
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Fig. 1. Esophageal web in an eight-month-old child. 


this anomaly have been described in the past, and I 
myself have made this diagnosis several times. 
However, in the course of treatment, endoscopical- 
ly or surgically, other types of pathology, con- 
genital or not, were found and of course we had to 
change our diagnosis. Now with the advance in pe- 
diatric surgery and in the light of our present 
knowledge there is little pathologic support for so- 
called true congenital stenosis. In my view, if true 
congenital stenosis of the esophagus exists at all it is 
an extremely rare condition, comparable to the con- 
genital short esophagus. 


Congenital Stricture due to Tracheobronchial 
Remnants. This type of congenital stricture is the 
principal cause of anomaly in our series of six cases 
(ages eight months to three years). Paulino et al? 
described their firs: cases in 1961 and 1963. Other 
authors have described various types of bronchial 
remnants in the esophagus.*"5 


In five of our cases there was a tight stenosis in 
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Fig. 2. A web which was ruptured by the esophagoscope 
and recovered at ‘he tip of the scope. 
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Fig. 3. Congenital stricture due to tracheobronchial 
remnants. A one-year, eight-month-old child with a car- 
tilaginous ring in the distal esophagus. The x-ray is very 
suggestive of achalasia of the cardia. 





the lower segment of the esophagus, caused by a 
cartilaginous ring. In each case there was a history 
of dysphagia since birth and a radiological aspect 
suggestive of achalasia of the cardia. The differen- 
tial diagnosis is made through the esophagoscope 
which shows a rigid stenosis which cannot be di- 
lated with a No. 8 or 10 French Jackson esophageal 
bougie. The endoscopic finding therefore ruled out 
achalasia of the cardia (Fig. 3). 

The stenosis caused by tracheobronchial rem- 
nants does not respond to any type of dilatation and 
the restoration of the esophageal lumen must be 
made surgically by sleeve resection and end-to-end 
anastomosis. All our cases were submitted to sur- 
gery and the follow-up for more than three years 
was satisfactory in that every patient had a normal 
diet. The histological examination of the resected 
specimen showed cartilage and tubular arrange- 
ments of epithelium typical of respiratory tract 
origin (Fig. 4). One case, a six-month-old child who 
had severe dysphagia and was unable to gain 
weight, showed in the x-ray a lower esophageal 
stenosis. It was very difficult to dilate through the 
esophagoscope. She was operated upon and no car- 
tilaginous ring was found (Fig. 5). The histological 
examination of the surgical specimen did show a 
fistulous tract with respiratory epithelium. These 
anomalies result from a failure of separation of the 
respiratory tract from the primitive esophagus. 
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Fig. 4. Histological picture of the resected specimen vf a 
cartilaginous ring stenosis, showing cartilage and 


respiratory epithelium. 





Congenital Idiopathic Muscular Hypertrophy of 
the Esophagus. This is also a rare entity whic. was 
observed in five patients in our clinic. It has been 
described in adults and children, and some cases 
published were only diagnosed at autopsy.5°-*? 


The cause of the thickening of the musculature of 
the esophagus is not known. Some authors consider 
it to be analogous to congenital pyloric hypertro- 
phy. In the majority of the cases the hypertrophy 
was limited to the lower segment of the esophagus, 
but diffuse hypertrophy of the entire esophagus was 
also reported’? (Figs. 6 and 7). 


In five cases (ages seven months to three years), 
the symptoms appeared after birth and worsened 
when semisolids were added to the diet. The x-ray 
demonstrated a stenotic area in the lower esophagus 
without any particular characteristic. At esopha- 
goscopy we found a tight stenosis, difficult to dilate, 
as well as edema of the mucosa. In two cases the 
diagnosis was made after the child became ob- 
structed by a foreign body. All patients underwent 
resection of the stenotic area, and in one case it was 
necessary to perform an esophagectomy with 2olon 
interposition due to muscular hypertrophy cf the 
middle and lower esophagus. 


Acquired Stenosis. Acquired stenosis of the esoph- 
agus can be divided into these categories: 1) trau- 
matic (after ingestion of lye, or after external 
trauma, 2) inflammatory, 3) peptic, and 4) after 
surgery. This is the most common type of esopha- 
geal stenosis in children. In my country where lye is 
still widely used, particularly inland, for home soap 
making and cleaning purposes, and is sold wi-hout 
any restriction, it is common to see cicatricial steno- 
sis after accidental ingestion of lye in children. We 
have treated 78 cases of lye stricture in chi dren 
from five months to six years old. The history is self- 








Fig. 5. A six-month-old child with an esophageal steno- 
€s, difficult to dilate, which showed in the histological pic- 
ture of the resected specimen a fistulous track with 
respiratory epithelium. 

exp_anatory and the x-rays show single or multiple 

ster otic areas, chiefly in the middle esophagus. 


In mild stenosis, dilatation through the esoph- 
agoscope guided by a bougie is the best choice, but 
in severe or multiple strictures, the best approach is 
to perform a gastrostomy and start a retrograde or 
prograde dilatation with a string-guided Tucker 
bouzie or the olive-tip metal Plummer bougies. The 
results are good, but in some cases the dilatation 
should continue for two or three years, and after 
that, esophagoscopy should be performed at least 
every six months. Only in three cases (3.8%) the 
dilacation did not restore the lumen of the esoph- 
agus and the children were sent to surgery.'*" 
When the esophagus is seen by x-ray to be atretic, in 
almst all cases a lumen can be found with the gen- 
tle and patient passage of a urethral catheter 
thrcugh retrograde or per oral esophagoscopy. The 
cath eter is recovered either at the mouth or stomach 
and a string is tied in the other end for subsequent 
dilacations. 


Irflammatory Stenosis. We have seen only two 
cases of proven inflammatory stenosis of the 
esophagus, both due to moniliasis (an infection 
caured by Monilia albicans), and stenosis resulted. 
One of the patients was dilated successfully through 
the 2sophagoscope, but the other had to have a gas- 
trosomy and dilatation with a string-guided 


bouzie. 
Peptic Stenosis. Peptic stenosis of the esophagus 
in children is relatively common. Its etiology is 
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Fig. 6. Esophageal stenosis in a child which by surgery 
showed a congenital muscular idiopathic hypertrophy of 
the esophagus. 


directly related to incompetence of the gastro- 
esophageal junction. When the mechanism of gas- 
troesophageal competence is disturbed, reflux of 
gastric contents occurs. This causes severe irritation 
or ulceration in the esophageal mucosa which is 
highly sensitive to the action of acid peptic secre- 
tion. A common cause of this incompetence is the 
sliding hiatal hernia. We must stress that reflux and 
hiatal hernia are different conditions; although 
they commonly exist together, each can occur in- 
dependently. The real mechanism of gastroesopha- 
geal competence is very complex and it seems that 
many factors centribute to its normal action. 
Olsen,'°and Payne and Olsen” made a basic con- 
tribution to our understanding of the physiology of 
this region. 


Occasionally the diagnosis of congenital stenosis 
is posed by the presence of a peptic stricture in a 
child, because the symptoms of dysphagia, regurgi- 
tation, and sometimes bleeding can occur very early 
in life,'*'° making this misinterpretation possible. 
Only a careful roentgenographic study of the esoph- 
agus and esophagoscopy with a biopsy can detect 
the existence of free reflux, severe irritation of the 
esophageal mucosa, with or without ulcerations 
and the findings of gastric rugae above the dia- 
phragm when a hiatal hernia exists. 


In some cases the x-ray pattern of stricture is not 
confirmed at esophagoscopy, at which time any 
mucosal pathology can be detected and the scope is 
easily advanced mto the stomach, proving that it is 
not, in fact, a real stricture. This is called functional 
stenosis and is due to motor disturbance (spasm) of 





Fig. 7. The surgical specimen of the resected portion of 
the esophagus, showing a very thick muscular coat. 


the muscular coat of the esophagus as a result of 
constant reflux. We strongly believe that ulcera- 
tions of the mucosa and edema of the submucosa are 
the cause of the stenosis. The true cicatricial stenosis 
due to reflux is rare and only the histological ex- 
amination of the resected surgical specimen can 
prove the transmural fibrosis. 


The review of 15 surgical specimens of the esoph- 
agus that were resected showed no significant fibro- 
sis in the esophageal wall in five cases. This review 
was done by one of the surgeons mentioned above, 
Dr. Fernando Paulino, who, based on his observa- 
tions, thought that an esophagectomy should be 
avoided in similar cases, and that recovery from 
such strictures could be obtained after a good anti- 
reflux operation. The proposed surgery was an an- 
trectomy, vagectomy, and a Roux-en-Y anastomo- 
sis, as advocated by Holt and Large?’ in 1961, and 
Payne’'in 1970. 


This procedure is illustrated by the case of a boy 
who underwent an esophagectomy with an esopha- 
gogastric anastomosis to cure a serious peptic steno- 
sis. We know today that this operation is inade- 
quate because the reflux persists and in most cases 
the stricture recurs. Twelve years after surgery this 
boy returned with dysphagia, loss of weight, and by 
x-ray a very tight stenosis that could not be dilated. 
After a surgical opinion, an antrectomy and a Roux- 
en-Y anastomosis were performed. Three weeks af- 
ter the operation a barium swallow showed com- 
plete regression of the stricture without any dilata- 
tion. The good result persists now seven years after 
the surgery.??-”4 


A complication that can also occur in children 
with chronic reflux and esophagitis or stricture is 
the metaplasia of the stratified squamous epitheli- 
um into a columnar type of epithelium which we 
find high in the esophagus (Barrett syndrome) .'*:?°~?’ 
In this condition we can detect superficial erosions 
or deep ulcers similar to peptic ulcers in the stomach 
(Fig. 8). We must emphasize that esophagoscopy, 
with the help of an optical system, and multiple 
biopsies of the esophageal mucosa are mandatory in 
the diagnosis of this condition. 
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Fig. 8. An esophageal stenosis with hiatus hernia in a 
child. The terminal esophagus was lined by columnar 
epithelium (Barrett syndrome). 


It is logical that the treatment must be directed to 
the cause of the disease, that is, the acid-peptic 
reflux to the esophagus. The form of conducting this 
treatment is still controversial. Some authors per- 
form primarily a type of antireflux operation, 
others start with a conservative treatment, based on 
hygienic-dietetic measures and alkaline drugs. If 
this does not improve the patient, then surgery is in- 
dicated. When dysphagia is severe we can perform 
a series of dilatations to improve the feeding of the 
patients, but we did find that in some cases dilata- 
tion can be traumatic enough to cause more harm 
than good, especially when forcing an esopha- 
goscope, guided by a bougie, through the damaged 


mucosa of the stricture area. We have used more 
frequently the mercury type of bougie, passed very 
carefully through the stenosis, associated with anti- 
reflux measures already mentioned. We must not 
forget that the aim of our treatment is the suppres- 
sion of the gastric esophageal reflux. 


Respiratory symptoms can occur in children with 
esophageal stenosis because of aspiration. These in 
our experience are more common in cases of the 
peptic type of stenosis, and they subside when the 
obstruction and the reflux are improved. 


Stricture after Surgery. Esophageal stricture fol- 
lowing various types of surgical procedures in the 
esephegus are not rare. In atresia with tracheo- 
esophageal fistulae, operated by various surgeons in 
our hospital, 30% of the cases developed a stricture 
at the site of the anastomosis. Drool saliva is a very 
early sign. Dilatation should start as soon as the 
stricture is diagnosed, and it should be made with 
the Tucker bougie guided by a string, until numbers 
28 or 30 are reached, depending on the age and size 
of the child. At this stage the child is swallowing 
well and we start to pass a small esaphagoscope at 
different intervals. The results are very good. 


Complicating treatment are esophagitis or peptic 
strictures which develop in patients after dilatation 
for caustic stricture of the esophagus. After a period 
without symptoms sour regurgitation and dyspha- 
gia reeur. This is due to shortening of the esopha- 
gus, probably the result of severe burns after inges- 
tion of lye. The treatment is the same as in other 


peptic pathology. 
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NINCDS NOTES* 


INTERNATIONAL SYMPOSIUM ON TOURETTE SYNDROME: CALL FOR PAPERS 
The first international symposium on Gilles de la Tourette syndrome will be held in New York City, May 28-29, 1981. 


Sessions will cover tae following general topics: pharm aco.ogy, biochemistry, clinical aspects of Tourette syndrome, genetics, animal 
models, and neuropsychology. Each session will feature a state-of-the-art review. 


Clinicians and scier.tists interested in Tourette syndrome and related movement disorders are invited to submit an abstract for con- 
sideration by the Program Committee. Deadline for receipt of abstracts is January 31, 1981. Support for expenses will be available to those 
selected to present a research communication, 


Abstract formats and further information about the symposium are available from: Arnold Friedhoff, MD, Director, Millhauser 
Laboratories, New Yerk University School of Medicine, 550 First Avenue, New York, NY 10016. 


NEW PUBLICATIONS 


Recent publications from NINCDS include a monograph on language disorders in children, a fact sheet on neurofibromatosis, and 
special reports prepared at the request of Congress on nine specific areas of the institute’s research programs. 


The monograph, The Neurological Bases of Language Disorders in Children: Methods and Directions of Research, presents pro- 
ceedings of a two-day’symposium sponsored by NINCDS in January 1978. Editors of the 196-page paperback (NINCDS Monograph No. 
22) are Christy L. Ludlow, PhD, of NINCDS and Mary Eller: Doran-Quine. 


The neurofibromatosis fact sheet answers, in layman's language, some of the questions patients and their families most frequently ask 
about the disorder. 


The special reperts to Congress summarize the status of research on amyotrophic lateral sclerosis, epilepsy, Huntington’s disease, 
multiple sclerosis, muscular dystrophy and other neuromuscular disorders, Parkinson’s disease, spina bifida and neural tube defects, spinal 
cord injury and nervcus system trauma, and stroke. 


Single copies of the monograph and small quantities of the other publications described above are available free from the Office of 
Scientific and Health Reports, NINCDS, National Institutes of Health, Bldg. 31, Rm. 8A06, Bethesda, MD 20205. (Additional copies of 
the monograph may be ordered from the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402: 
price $6.00.) 


OTITIS MEDIA RESEARCH CONFERENCE REPORT AVAILABLE 


In May 1979, an international array of basic scientists and clinicians met at Ohio State University College of Medicine for a research 
conference on recent zdvances in otitis media with effusion, supported in part by a grant from NINCDS. The purpose of the conference 
was to reach a consensus on future research directions, to help guide investigators and funding agenices. 


A report on the conference has now been published as a supplement to the Annals of Otology, Rhinology & Laryngology (Supplement 
69, Vol. 89, May-June, 1980, No. 3, Part 3). Single copies of the supplement are available free to interested members of the scientific com- 
munity from the Office of Scientific and Health Reports, NINCDS, National Institutes of Health, Bldg. 31, Rm. 8A06, Bethesda, MD 
20205. 


‘CENTERS WITHOUT WALLS’ ESTABLISHED 


The National Insitute of Neurological and Communicative Disorders and Stroke has awarded initial grants of $1,367,000 to establish 
two “Centers Withou! Walls” for research on Huntington's disease and related neurological disorders. 


Unlike the traditional idea of a specialized disease center consolidated under one roof, Centers Without Walls do not emphasize a cen- 
tral location for research Instead, a Center Without Walls consists of investigators engaged in basic or clinical research in different depart- 
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Of 219 patients whose primary presenting symptom was stridor, 150 w=re males, 69 were females. All were under 2’, years of age; 
more than half were four months of age or younger. Congenital anomalies cassed stridor in 191 (87.2%). Congenital laryngeal anomalies 
accounted for the stridor in 132 (60.3%); there were 35 (16.0%) patients with congenital tracheal anomalies. 11 (5.0%) with congenital 
bronchial anomalies, 12 (5.5%) with infectious conditions, 12 (5.5%) with mternal laryngeal trauma and 15 (6.8%) patients with other 
conditions. The cause of stridor was undetermined in two patients. Sixteen vzscular anomalies were diagnosed and classified according to 
the part of the tracheobronchial tree which was involved. Twenty-six patiewts required tracheotomy. Fifty-eight (26.5%) were referred 
with an erroneous presumptive diagnosis for which they were being treated. The mean length of time from onset of symptoms to deter- 
mination of the correct diagnosis by endoscopy was four months; it varied frem one day to 16 months. The importance of early endoscopy 
for the diagnosis of conditions causing stridor cannot be overemphasized. The @eeurrence of more than 1 anomaly in 99 (45.2%) of the 219 
patients demonstrates the importance of complete endoscopic examination cf all patients with stridor. 


Stridor is the audible symptom produeed by the 
rapid, turbulent flow of air through a narrowed 
segment of the respiratory tract. It is often the most 
prominent symptom of airway obstruction in the 
pediatric patient. Proper management ‘s possible 
only after a precise diagnosis has been established; 
stridor is a symptom, not a diagnosis, and is not 
managed on the basis of only a presumptive or in- 
ferential diagnosis. This review of the etiology of 
stridor was undertaken to serve as an aic in deter- 
mining the correct diagnosis. 


METHODS 


The data were obtained by a retrospective analysis of 219 pa- 
tients seen by the author at the Children’s Memorial Hospital and 
Rush-Presbyterian-St. Luke’s Medical Center in Chicago, during 
the four-year period ending June 30, 1979. All patients underwent 
a thorough evaluation, including complete history and physical 
examination, posteroanterior and lateral chest x-ravws, soft tissue 
lateral x-ray of the neck, and endoscopic examination. All pa- 
tients with dysphagia and those patients with moderate or severe 
stridor had preoperative barium esophagram. Other special 
studies employed included bronchogram, computed tomography, 
and radionuclide scan (for gastroesophageal reflux). 


Endoscopic examination routinely included initial direct 
laryngoscopy, without anesthesia, specifically to evaluate vocal 
cord function; the flexible fiberoptic laryngoscope was occasional- 
ly used for this part of the examination. General anesthesia was 
then used for a more detailed inspection of the larynx and 
tracheobronchial tree. In cases of immobile voce! cords, the 
arytenoids were palpated with the patient under deep general 
anesthesia to rule out vocal cord fixation.' Esophagoscopy was 
done in patients with dysphagia, abnormal esophagram, or 
gastroesophageal reflux. 


Excluded from the study were patients with strider who were 
referred for treatment after the diagnosis had beer: established; 
thus excluded were typical cases of acute supraglotéitis (epiglot- 
titis), laryngotracheobronchitis (croup), most cases of acquired 
subglottic or laryngeal stenosis secondary to endotracheal intuba- 
tion, respiratory distress syndrome, most foreign bodies, 


cran-afacial anomalies, tracheoesophageal fistula, bilateral 
cheamal atresia and gross pulmonary abnormalities apparent on 
ches? x-ray. 


RESULTS 


CH the 219 patients, 150 (68.5%) were males, 69 
(31.5%) were females. All 219 patients were less 
tham 2'/, years of age; 189 (86.3%) were less than 1 
yeaz. More than half (53.4% + were four months of 
age or younger (Fig. 1). 


Congenital anomalies were diagnosed as the 
cause of stridor in 191 (87.2%) patients; the stridor 
was due to acquired lesions in 28 (12.8%). Congen- 
ital laryngeal anomalies accounted for stridor in 
132 (60.3%). The statistics for the most common 
conditions producing stridor are presented in Table 
1. The other causes of stridor included stuffy nose 
(turbimate hypertrophy) - 2; hypertrophied tonsils 
and adenoids - 2; bronchial foreign body - 2; base of 
tongue cyst (thyroglossal duct cyst) - 2; asthma - 2; 
and 1 each of deviated nasal septum, macroglossia 
and micrognathia, idiopathic lobar emphysema 
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Fig. 1. Age of patients at the time of endoscopic evalua- 
then. 


From the Departments of Otolaryngology and Bronchcesophagology, The Childrens Memorial Hospital and Rush-Presbyterian-St. Luke's Medical 


Center, Chicago, Illinois. 


Presented at the meeting of the American Broncho-Esophagological Association, Paan Beach, Florida, April 12-13, 1980. Recipient of the Seymour R. 


Cohen Award for Pediatric Laryngology and Bronchoesophagology. 


REPRINTS — Lauren D. Holinger, MD, 700 North Michigan Avenue, Chicago, EL 30511. 


397 


398 LAUREN D. HOLINGER 


TABLE 1. ETIOLOGY 
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No. 

Diagnosis Patients Žž % Č 
Congenital laryngeal anomalies 132 60.3 
Congenital tracheal anomalies 35 16.0 
Congenital bronchial anomalies ll 5.0 
Infectious conditions 12 5.5 
Internal laryngeal trauma 12 5.5 
Other 7 7.8 

Total 219 100.1" 


“Rounding error, 


(right upper lobe), agenesis of the right lung, ard 
gastroesophageal! reflux. The etiology of stridor re- 
mained undetermined in two patients with mild 
symptoms. 


Sixteen vascular anomalies were recognized; they 
were classified according to the portion of the tra- 
cheobronchial tree which was involved. Aberrant 
innominate artery was diagnosed in 11 patients, 
vascular sling in 4, and double aortic arch in 1, 


Laryngomalacia was the most common condition 
in the series and the most common congenital laryn- 
geal anomaly (Table 2). In addition to laryngo- 
malacia, subglottic stenosis and neurologic lesiors, 
other congenital laryngeal anomalies included sub- 
glottic hemangicma - 2; saccular cyst - 2; and 1 
each of laryngocele, cleft larynx, supraglottic, glot- 
tic and subglottie laryngeal web. 


Of 35 patients with congenital tracheal anomal- 
ies (Table 3), 16 (45.7%) had tracheomalacia. 
Twelve (34.3%) had a compression of the anterior 
tracheal wall, 11 of which were due to an aberrant 
innominate artery. Three patients had a vascular 
sling. Tracheal stenosis was present in two patients. 
There was one case of a tracheal diverticulum and 
one case of a double aortic arch. 


Congenital bronchial anomalies were present in 
ll patients. Six had a narrow left main bronchus, 
one of which was due to a vascular compression. 
The right main bronchus was narrow in two; bron- 
chomalacia was present in three. 


Stridor due to acquired conditions was of 
relatively short Guration and was due to infectious 
conditions, endotrecheal intubation, foreign body, 
or tonsil and adenoid hypertrophy. Atypical croup 
(severe or prolonged laryngotracheobronchitis) pro- 


TABLE 2 CONGENITAL LARYNGEAL 





ANOMALIES 
No. 

Diagnosis Patients % 
Laryngomalacia 79 59.8 
Subglottic stenosis 27 20.5 
Neurologic 17 12.9 


Bilateral vocal cord paee 14 
Unilateral vocal cerc paralysis 3 


Other 9 6.8 
Total 132 100.0 


TABLE 3. CONGENITAL TRACHEAL 





ANOMALIES 
No. 
_______Diagnosis __—Patients ooo 
Tracheomalacia 16 45.7 
Anterior compression 12 34.3 
Aberrant innominate artery 11 
Vascular sling 3 8.6 
Tracheal stenosis 2 5.7 
Tracheal diverticulum ] 2.9 
Double aortic arch ] 2.9 
Total 35 100.1* 


* Rounding error. 


duced stridor in 8 of the 12 patients with infectious 
conditions; exudative laryngotracheitis produced 
stridor in the other 4 patients. Of these 4, 1 had 
diphtheria and 1 had Pseudomonas tracheitis: more 
common bacteria were cultured from the other 2 
patients. Of the 12 patients whose stridor was re- 
lated to endotracheal intubation, 9 had acquired 
subglottic stenosis due to long-term intubation, 
Three had laryngeal injuries related to the act of in- 
tubation; 1 of these had hypertrophy of the right 
false vocal cord and another had a large granuloma 
of the right arytenoid. Parents of both patients with 
bronchial foreign bodies gave no history of an epi- 
sode of aspiration nor were x-ray findings typical. 
One was referred with a diagnosis of “atypical 
asthma”; symptoms had been present for several 
weeks. The other child had been receiving medical 
treatment for croup. 


Twenty-six (11.9%) of the 219 patients with 
stridor required tracheotomy, 8 for subglottic sten- 
osis, 7 for atypical croup (severe or prolonged laryn- 
gotracheobronchitis), 5 for bilateral vocal cord 
paralysis, and 1 each for subglottic hemangioma, 
glottic web, micrognathia and macroglossia, 
agenesis of the right lung, laryngomalacia (with ac- 
quired subglottic stenosis), and supraglottic 
laryngeal web. 


Of the 219 patients, 99 (45.2%) had at least 1 
other anomaly. Well over half were anomalies of 
the respiratory system and may have contributed to 
the patient’s stridor. 


Most patients were referred specifically for en- 
doscopic evaluation of stridor, “noisy breathing” or 
“wheezing”; “congestion” and “hard breathing” 
were other terms commonly used by the parents. Of 
the 219 patients, 58 (26.5%) were referred with an 
erroneous presumptive diagnosis for which they 
were being treated. In addition to the most com- 
mon misdiagnoses of asthma, croup, bronchiolitis, 
laryngomalacia, and bronchitis (Table 4), other 
diagnoses included URI - 3; allergies - 3; tracheo- 
malacia - 2; hyaline membrane disease - 1: foreign 
body - 1. The delay from time of onset of symptoms 
to establishing a diagnosis at endoscopy ranged 
from one day to 16 months; the mean time was four 
months. 


STRIDCR IN NEONATE, INFANT AND CHILD 399 


TABLE 4. ERRONEOUS DIAGNOSES (PRIOR TO 


ENDOSCOPY 
Diagnosis, č —ć —ć ć No. Patients 
Asthma 17 
Croup 13 
Bronchiolitis 9 
Laryngomalacia 5 
Bronchitis 4 
Other 10 
Total 58 
DISCUSSION 


The data accumulated in this study are most rep- 
resentative of chronic stridor: stridor which had 
been present for more than half of each patient’s 
life. The large majority of cases (87.2%) represents 
congenital anomalies, although many of these 
young patients did not have symptoms since birth. 
Sometimes the stridor appeared shortly thereafter 
or arose later during infancy or childhood. It often 
appeared slowly and was not severe except when 
the infant was stressed with feeding, crying or cer- 
tain positions. When the onset was slow or pre- 
sented from birth, the etiology was usually con- 
genital. The patients who presented with symptoms 
of relatively short duration had acquired lesions: in- 
fectious conditions, internal laryngeal trauma, 
bronchial foreign body, or tonsil and adenoid hy- 
pertrophy. 


It should not be unexpected that laryngeal 
anomalies accounted for well over half of all cases 
of stridor. The dimensions of the triangular aper- 
ture of the infant larynx are approximately 7 mm in 
the anteroposterior direction by 4 mm in width 
across the posterior commissure. The glottic chink 
has an area of 14 sq mm; edema of 1 mm of the mu- 
cosal surfaces will reduce this area to 5 sq mm, only 
35% of the original area.? Similarly, 1 mm of 
edema in the subglottic region of the newborn will 
reduce the airway to 32% of its former area.’ 


In general, stridor produced by an obstructive le- 
sion above the thoracic inlet is inspiratory. This is 
due to the dynamic nature of most of these lesions in 
which the structures collapse inwards with the neg- 
ative pressure created during inspiration. The ex- 
ceptions are lesions such as subglottic stenosis which 
do not change with respiration and therefore pro- 
duce both inspiratory and expiratory stridor. Le- 
sions of the nasopharynx (eg, adenoid hypertro- 
phy), oropharynx, (eg, micrognathia and macro- 
glossia, tonsil hypertrophy), and hypopharynx (eg, 
base of tongue mass, retropharyngeal abscess) 
typically produce a very low-pitched, wet sound 
similar to snoring; these infants would seem to re- 
quire suctioning but the audible symptom usually 
does not clear after suctioning. The inspiratory 
stridor of laryngomalacia is also low-pitched (and 
fluttering) but somewhat different in character. In 
contrast is the high-pitched inspiratory stridor 
associated with bilateral vocal cord paralysis. 


TABLE 5. SEX DISTRIBUTION 


N3. Male: 


Pati2nts Female % Male 





Diagnosis 





Congenital tracheal anomalies 35 27:8 77.1 
Congenital subglottic stenosis a 21:6 77.8 
Irfeetious conditions 12 12:0 100.0 
Cangenital bronchial anomalies 12 8:3 72.2 
Aecuired subglottic stenosis 9 8:1 88.9 


Tracheomalacia and bronchomalacia, like asth- 
ma, typically produce stridor during expiration. If 
the extrathoracic trachea is significantly involved, 
the stridor may be biphasic; very rarely, when the 
extrathoracic trachea alone is involved, the patient 
may have inspiratory stridor due to tracheomalacia. 
The pitch and phase of the stridor may therefore be 
extremely helpful in localizing and diagnosing a le- 
sion, 


The significance of the male preponderance in 
this study (a male to female ratio of more than 2:1) 
is not clear; nor is there an apparent reason for this 
preponderance. Similar statistics have been re- 
ported: of 305 infants with laryngomalacia seen 
during a seven-year period, 199 (65.2%) were 
mailes.* An even higher proportion of males occurs 
in patients with obstructive sleep apnea, an entity 
which also involves obstruction of the respiratory 
tract. Guilleminault et alë reported 48 (96%) of the 
90 patients in their series were male. Gil et al® have 
noted that hypersomnia-sleep apnea (HSA) patients 
were often difficult to intubate. In addition, they 
observed that many of these patients had small tra- 
cheas with respect to other individuals of compara- 
ble size. The preponderance of males in the present 
series was primarily due to an unusually high 
percentage of males in the five categories shown in 
Table 5. In general, males seem to be at greater risk 
for benign obstructive airway lesions. 


One group of patients deserves particular com- 
ment. During the late fall and early winter of 
1977-78, there were eight patients with croup 
whese picture was not typical. None had any prior 
symptoms of airway obstructicn; all patients were 
male and between 3 and 15 months of age. In these 
atypical patients, either 1) the airway obstruction 
progressed rapidly to require es-ablishing an airway 
within hours, or 2) the moderate respiratory distress 
(with stridor and cough) did not resolve after a 
peried of two weeks of hospital treatment. Endo- 
scopy showed the subglottic larynx to be erythema- 
tous and edematous. Purulent tracheobronchitis 
was present in all but two cases. One of these pa- 
tients still required a tracheostcmy tube 25 months 
later. During September and October 1979, we ob- 
servec a repetition of the same pattern, with an epi- 
demic of even more patients who required tracheo- 
tomy for atypical croup. The precise etiology re- 
mains obscure. 
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Technique and a high index of suspicion are par- 
ticularly important in the diagnosis of certain con- 
ditions. Less obvious findings of the tracheobron- 
chial tree are more readily observed 1) with the use 
of a telescopic system, and 2) when the child is 
breathing quietly and spontaneously under general 
anesthesia. These factors, as well as an increased 
awareness of the condition, may account for the 
relatively frequent finding of aberrant innominate 
artery. Tracheal compression by the artery pro- 
duced stridor in 11 patients, none of whom had sig- 
nificant episodes ef apnea; innominate arteriopexy 
was required for obstruction in only 1 case. Most 
patients who required innominate arteriopexy pre- 
sented with apnea — not stridor and such patients 
were not includec in this series. 





In conclusion, ‘he importance of discovering the 
etiology of strider cannot be overemphasized; the 
fact that 58 (26.2%) of the 219 patients were re- 
ferred with an erroneous presumptive diagnosis for 
which they were being treated is indicative of this 


LAUREN D. HOLINGER 


fact. Jackson’ stated it this way: “Stridor is of course 
a symptom and not a disease. In the days when all 
laryngeal diagnosis in children was inferential, the 
name stridor was supposed to designate a particular 
disease. The direct laryngoscope has demonstrated 
many different pathologic conditions productive of 
_.. stridor. The name should be retained, however, 
and applied to a large group of cases that call ur- 
gently for accurate differential diagnosis by direct 
laryngoscopy.” 


An unexpected finding was the high incidence of 
associated anomalies: 45.2% of all patients had at 
least one associated abnormality which usually in- 
volved the respiratory tract and may have contrib- 
uted to the patient’s obstructive symptoms. Of the 
patients with laryngomalacia, 45.6% had associ- 
ated anomalies. In evaluating stridor, therefore, 
one does not conclude the procedure with laryngo- 
scopy but rather proceeds with a complete endo- 
scopic examination of the entire tracheobronchial 
tree. 
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Compression of the trachea by an anomalous innominate artery in assoeiation with reflex apnea is a frequent cause cf respiratory arrest 
in infants. Once considered, tracheoscopy is mandatory to rule out this Gsorder. Surgical correction of this condition by innominate 
arteriopexy has proven to be a very effective method of management. Seventy-eight patients with tracheal compression by an anomalous 
innominate artery managed by the authors at The Children’s Memorial Hospital in Chicago between January 1977 and December 1979 are 
presented. In this series, 28 patients had a history of one or more episodes of reflex apnea; all of these patients underwent an innominate 
arteriopexy. A complete review of this syndrome and methods of its diagnosis are scrutinized. We agree with previous authors that reflex 
apnea is a definite indication for surgical correction of this vascular anomaly causing tracheal compression, but other indications are 


delineated. 


External tracheal compression, as a result of con- 
genital cardiovascular anomalies, is a rather fre- 
quent cause of mechanical upper airway obstruc- 
tion in children. 


Early cases of mechanical tracheal obstruction 
secondary to congenital cardiovascular anomalies 
date back as far as the late 18th century. Over the 
last century and a half several anomalies of the 
great vessels have been identified and subsequently 
reported to cause obstructive symptoms in the in- 
fant population. 


In 1948 Gross and Neuhauser were the first to 
associate respiratory difficulties with an anomalous 
innominate artery. Their initial presentation des- 
cribed a four-month-old infant with respiratory dis- 
tress since birth, describing the anatomic deformi- 
ty, its related pathophysiology, and the surgical 
procedure for its correction.' In 1955 Gross re- 
viewed four similar cases of anomalous innominate 
arterial compression of the trachea (AIA) in a major 
review of 40 cases of congenital cardiovascular ano- 
malies causing respiratory obstruction. ? 


In 1954 Ferguson and Flake discussed the use of 
tracheography as an aid in diagnosing malforma- 
tion of the tracheobronchial tree, the aortic arch, 
and its branches in infants.? They concluded that 
these anomalies were far more common than was 
generally believed. 


Fearon and Shortreed in 1963 reviewed 104 cases 
of endoscopically documented congenital cardio- 
vascular anomalies causing tracheal compression.‘ 
The most common cause of tracheal obstruction in 
this series was anomalous innominate artery (66% ). 


In all cases the diagnosis was definitely made by 
tracheoscopy. The term reflex apnea was coined by 
Fearon and his colleagues to describe the episodic 
apnea sometimes associated with tracheobronchial 
compression secondary to a double acrtic arch or an 
anomalous innominate artery. It was their opinion 
that a reflex type respiratory arrest was initiated by 
irritation of the area of tracheal compression, 
whether stimulated by a bolus of food or even the 
tip of a tracheoscope. Interestingly enough, patients 
whe would become apneic during tracheoscopic 
manipulation under lighter stages of anesthesia, 
would have no changes in their spontaneous 
respiratory pattern while under deeper levels of 
anesthesia. This suggested a reflex mechanism, 
although there has been no further substantiation 
frora an anatomic or pathophysiologic standpoint as 
to tae features of this reflex. 


Sx years later Berdon and coworkers reviewed 
five cases from Babies Hospital of Columbia-Pres- 
byterian Medical Center in New York. Here, the 
authors emphasized a plain film technique for tra- 
cheal evaluation, demonstrating a constant curvi- 
linear anterior tracheal indentation midway be- 
tween the carina and suprasternal notch on lateral 
chest x-ray in all five of their cases of AIA.° 


Later the same year Ericsson and Sederlund* pre- 
sented six similar cases and once again emphasized 
the value of the plain lateral chest film in diag- 
nosiag this anomaly. They felt that its use as a diag- 
nostc tool was such that tracheoscepy, tracheo- 
graphy, and angiography were unnecessary. 


Also in 1969, Mustard and his colleagues reviewed 
285 patients with the diagnosis of innominate artery 
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Fig. 1. Gross view of A) normal and B) abnormal rela- 
tionship between trachea and innominate artery. 


compression of the trachea. Of the entire group, on- 
ly 39 patients were dperated on; the remainder be- 
ing treated medically.’ 


Macdonald anc Fearon® highlighted the clinical 
features of this condition in 1971 in their presenta- 
tion to the American Broncho-Esophagological As- 
sociation. At the time of their presentation, skepti- 
cism still persisted not only as to the clinical signifi- 
cance of this anomaly, but also to its actual exis- 
tence. 


Finally in 1975 Moes and his coworkers reviewed 
90 cases of anomalous innominate artery. Two 
thirds of their patients were treated surgically. 
They concluded that, aside from reflex apnea being 
an absolute indication for surgery, patients in 
respiratory distress with this syndrome who have 
severe tracheal narrowing, as proven by tra- 
cheoscopy, should undergo surgical correction.’ 
Since 1971, there have been other scattered case re- 
ports of the problem, but in lieu of the historical 
background of this disease, it is the authors’ impres- 
sion that AIA is an entity whose existence and sig- 
nificance is still not widely appreciated. 


This report deals with a series of 78 patients with 
tracheobronchial compression by an anomalous in- 
nominate artery managed by the authors at our hos- 
pital between January 1977 and December 1979. 
The pathologic anatomy and physiology of this con- 
genital cardiovascular anomaly are reviewed. Addi- 





Fig. 2. Endoscopic sketch of anterior tracheal wall com- 
pression. 


TABLE 1. PRESENTING CONDITIONS SIGNS 
AND SYMPTOMS 


No. of Patients Percent 


Apnea 28 36 
Inspiratory stridor 14 18 
Biphasic stridor 1] 14 
Cough 1] 14 
Recurrent pneumonia 1] 14 
Others 6 f 


tionally, the presenting symptoms, accuracy of 
diagnostic tools, differential diagnosis and indica- 
tions for surgical correction for this group of pa- 
tients are discussed. 


PATHOGENESIS 


The innominate artery in these cases arises from 
the aortic arch at a point more distal and posterior 
than normal. Because it then crosses over the anter- 
ior surface of the trachea, usually 1-2 cm above the 
carina, as it courses superiorly and toward the right 
apical side of the chest, it forcibly compresses the 
anterior tracheal wall. This is illustrated in Figure 
1. When comparing the normal with the anomalous 
innominate on the right, it can be readily seen that 
just the slightest variation in arterial origin causes 
the artery to behave as a taut sling compressing the 
trachea anteriorly. The effect this has on the 
trachea is seen in Figure 2. Note the oblique com- 
pression of the anterior tracheal wall, as it extends 
from left to right. 


PRESENTING SYMPTOMS 


The average age of onset of symptoms in this 
series was nine months, ranging from 14 days to 
eight years of age. However, the vast majority 
referred to us for endoscopic evaluation were be- 
tween two and nine months of age. Thirty percent 
of our patients presented with at least one episode of 
reflex apnea, clinically described as appearing limp 
and lifeless following cessation of spontaneous 
respiration. These episodes usually last less than 
three minutes. Many of these children will require 
resuscitation as they enter a formal respiratory ar- 
rest while others begin rebreathing spontaneously. 
They have characteristically assumed a position of 
opisthetonos to facilitate relief of their airway ob- 
struction. 


Other symptoms included recurrent pneumonia 
in 14% of our patients, unexplained stridor (in- 
spiratory, 18% , and biphasic, 14%), and cough in 
14% (Table 1). 


Less common symptoms were choking, wheez- 
ing, cyanosis, noisy breathing, croup-like symp- 
toms, and respiratory arrest, ranging from 6-10%. 
Three patients who required tracheotomy, one for a 
lingual thyroid cyst, and the other two for subglot- 
tic stenosis could not be decannulated after their 
primary problem had been corrected. 
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TABLE 2. INVESTIGATIVE STUDIES 





Percent 
Normal Abnormal Abnormal 
Esophagogram 25 13 34 
Chest x-ray 39 20 34 
Arteriogram 0 8 100 


Innominate artery compression of the trachea 
may easily be confused with many other common 
conditions such as asthma, bronchitis, tracheitis, 
pneumonia, tracheal foreign body and tracheomal- 
acia. In the absence of reflex apnea, the differential 
diagnosis could also include less common items, 
such as hiatal hernia, thymic enlargement, pan- 
creatic cystic disease, mediastinal cystic hygroma, 
mediastinal hemartoma, and thymic capillary he- 
mangioma. However, vascular compression of the 
trachea must be included in the differential diagno- 
sis when there has been a history of reflex apnea. 


FINDINGS 


Radiographic. Diagnostic radiography performed 
on our patients included chest x-ray, esophago- 
gram, and in some cases arteriography. Their 
studies were reviewed for the most part with the 
radiologist prior to tracheoscopic evaluation. 


Lateral chest x-ray has revealed an indentation of 
the anterior tracheal wall midway between the tho- 
racic inlet and the carina in 34% of our patients. 
The remainder of the x-rays revealed no such ab- 
normality, even though they had endoscopically 
proven tracheal compression. Thirty-four percent 
of the esophagograms studied were found to be ab- 
normal, but none of this group revealed a specific 
diagnosis of innominate artery compression. Arter- 
iography was performed on eight patients showing 
an innominate arterial takeoff arising more distally 





Fig. 3. Tracheoscopic photo of AIA. (Close up - Carina 
visible.) 


aleng the aortic arch than normal. However, arter- 
ial compression of the trachea by this anomalous 
arcery cannot be demonstrated by arteriography 
alene (Table 2). 


Endoscopic. Definitive diagnosis of tracheal com- 
pression by an anomalous innominate artery can 
on_y be made by tracheoscopy. The procedure in- 
volves exposure of the endolarynx with a side-slide 
laryngoscope, and then evaluation of the trachea 
with a Storz-Hopkins telescope to ensure excellent 
visaalization is carried out. This technique allows 
diagnostic accuracy without the trauma sometimes 
encountered by conventional tracheoscopy. 


The tracheoscopic appearance is illustrated in 
Figures 3 and 4. There is a pulsatile compression of 
the anterior tracheal wall extending from left to 
rigat. This compressed segment pulsates synchron- 
ous y with each cardiac systole and is located 1 to 2 
cm above the carina. The right temporal and radial 
pubes can be diminished or obliterated by bringing 
the tip of the tracheoscope against the pulsatile 
corapression. The actual percentage of endoscopic 
compression is recorded in Figure 5. 


Also recorded are the corresponding percentages 
of compression in the operative cases, showing ab- 
solutely no relationship between the degree of tra- 
cheal compression and clinical need for surgical 
correction, as suggested by previous authors.’ 


MANAGEMENT 


Ia the absence of reflex apnea, our management 
consists of conservative medical therapy, including 
humidified oxygen, and appropriate antibiotics 
when necessary for the treatment of associated 
pneumonia or tracheobronchitis. In those patients 
wit reflex apnea, an evaluation by the cardiotho- 





Fig. 4. Tracheoscopic photo of AIA. (Tracheal contour 


seen through the true cords-inspiration.) 
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Fig. 5. Percentage of endoscopic ips og in oper- 
ative cases as compared to the total number of cases. 


racic surgical service for possible innominate artery 
suspension or innominate arteriopexy is performed. 
Reflex apnea remains the one absolute indication 
for surgery. Recurrent pneumonia in patients with 
documented AIA. and patients with tracheal ob- 
struction due to AIA, resulting in chronic respiratoy 
distress on the basis of obstruction, are relative in- 
dications for surgery. The effect of the suspension 
procedure on the tracheal airway is illustrated in 
Figure 6. Note the familiar anterior tracheal wall 
compression on the left. Following the suspension 
procedure, the airway usually opens up signifi- 
cantly as depicted on the right. 


DISCUSSION 


In 1969 Berdon et alë and Ericsson and Soder- 
lund‘ brought forth the concept that the plain later- 
al chest film shall act as a primary diagnostic tool 
with reports of positive findings in 70-100 % . Erics- 
son and Soderlund concluded that radiologic evi- 
dence of an anterior tracheal wall compression is an 
adequate tool in making the diagnosis of AIA. Only 
34 % of our patients had this finding on lateral chest 
x-ray. A similar percent of esophagograms revealed 
signs of arterial compression, while 100% of the 
arteriograms done in this study revealed the ana- 
tomic defect. We are able to conclude that chest 
x-ray may only raise suspicion of the existence of 
AIA, but is in way diagnostic of the problem. 





Fig. 6. A) Preoperative and B) postoperative view of 
trachea. 


TABLE 3. OPERATIVE RESULTS 


No. of Cases Percent 


Operative cases 33 — 
Operative cases with apnea 28 85 
Operative cases with resolution of apnea 22/28 79 


Operative cases with resolution of 
obstructive symptoms 28/33 85 


Operative cases with recurrent 
symptoms 5 15 


Esophagograms may also be of some help, but 
mainly as a method to rule out the presence of other 
cardiovascular anomalies. Arteriography remains 
an absolute method of diagnosis, but offers no infor- 
mation about the effects on the trachea. 


One hundred percent of our patients were dem- 
onstrated to have AIA by tracheoscopy. It should be 
reemphasized that the diagnosis of this anomaly is 
readily made by tracheoscopy. However we found 
that, unlike the opinion of some previous inves- 
tigators, there is absolutely no relationship between 
the pereentage of tracheal obstruction noted at the 
time of tracheoscopy and the severity of symptoms. 
Therefore we conclude that the decision for surgery 
should not be based on endoscopically proven tra- 
cheal compression alone. All the patients with reflex 
apnea (28 cases) underwent arteriopexy; five others 
were operated for secondary indications, thus a 
total of 33 cases were operated (42% of the entire 
group of 78). 


The patients who met the operative criteria and 
underwent innominate arteriopexy had significant 
improvement as seen in Table 3. We feel that the 
five surgical failures (Table 4) are creditable in lieu 
of their associated upper respiratory problems. The 
fifth case presented with no known problems other 
than AIA was felt to have had a technical break- 
down of his suspensory repair as seen on repeat 
tracheoscopy. 


It is interesting that such a large percentage of 
patients with reflex apnea postoperatively resolve 
this symptom. Unfortunately this alone does not 
lend any information as to the chemical or electrical 
nature of this reflex, but most certainly lends sup- 
port to the efficacy of this surgical procedure. 


The potential danger of AIA remains debatable. 
In 1969 Mustard et al’ stated “in the case of reflex 
apnea, death can be sudden and unexpected. Many 
of our patients with reflex apnea have required 
mouth to mouth resuscitation by their parents dur- 
ing such an episode.” This comment raises the real 


TABLE 4. OPERATIVE FAILURES 


AIA + Acquired subglottic stenosis 
. AIA + Acquired subglottic stenosis 
AIA + T.E.F + S/P Nisson 

AIA + S/P Nisson 

. AIA alone 


ot oA O Pe = 


INNOMINATE ARTERY COMPRESSION AND REFLEX APNEA 


concern that children with reflex apnea are in 
potential jeopardy. Since almost one third of our 
series of patients had reflex apnea, we feel that any 
further skepticism is not only naive, but displays a 
serious danger to this relatively large group of pa- 
tients. 


It is our practice at the hospital to refer all pa- 
tients with AIA and associated reflex apnea to the 
division of cardiothoracic surgery for evaluation for 
possible innominate arteriopexy. We do not allow 
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the child to be discharged prior to being seen by our 
ca-diothoracic colleagues. Surgery, when indi- 
caied, is usually performed during the same hospi- 
tal admission. 


some previous investigators advocate the en- 
doscopist to be present at the time of arteriopexy, 
no- only to assist, but also to insure accurate repair. 
We feel this is probably a worthwhile undertaking 
anc should be considered by all. 
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A six-month-old fem ale with a history of recurrent bronchopulmonary infections was admitted to the Montreal Children’s Hospital in 
severe respiratory distress. Cardiac arrest ensued and although ventilation by mask was always possible during the resuscitation procedure, 
there was a confusing iaability to aerate the lungs after successful intubation. A right-sided tracheal diverticulum was identified at autopsy. 
It was assumed, in retrospect, that the intubating tube entered and abutted against the wall of the diverticulum, thus obstructing its distal 
lumen. The embryology, morphology and pathophysiology of congenital tracheal diverticuli are discussed. This rare diagnosis should be 


entertained when successful intubation leads to ineffectual ventilation. 


ENTRODUCTION 


Tracheal diverticuli are relatively rare entities 
characterized by single or multiple evaginations of 
the tracheal wall. They usually present in adult- 
hood as the acquired form associated with chronic 
bronchopulmonary disease. Presenting features in- 
clude prolonged productive cough, hemoptysis and 
chest pain. Either tronchography or bronchoscopy 
can confirm the ciagnosis. 


The autopsy incidence quoted by MacKinnon is 
approximately 1%.' He discovered eight cases in 
867 routine serial necropsies. The diverticuli usually 
occurred on the right side with the tracheal mucosa 
protruding througk an area of weakness laterally 
between the cartilaginous rings or posterolaterally 
through the tracbeelis muscle. The lining wall con- 
sisted of stratified columnar ciliated epithelium 
with underlying chronic inflammatory reaction and 
occasional mucous glands communicating with the 
tracheal lumen via one or more narrow ducts. The 
walls were charaeteristically devoid of smooth mus- 
cle and cartilage. 


The congenita: tracheal diverticulum is a com- 
pletely different entity from the acquired form. Its 
developmental origin is controversial and difficult 
to prove. It probably represents vestigial super- 
numerary lungs’? or aborted abnormally high divi- 
sions of the primary lung bud.*? When associated 
with surrounding lung tissue, these evaginations are 
termed “accessory tracheal bronchi.” 


The congenita. tracheal diverticulum usually oc- 
curs in males and emanates from the right side point- 
ing obliquely downward. Their composition is simi- 
lar to the actual tracheal wall containing both smooth 
muscle and cartilage. The diverticuli may occur in 
isolation or in association with other congenital 
anomalies withir the tracheobronchial tree.‘ 


Atte inyi Cpe sera 


Few reports of congenital tracheal diverticuli 
have appeared in the literature. A recent case, di- 
agnosed at autopsy, is presented to highlight the 
confusing inability to ventilate the infant while in- 
tubated during a cardiopulmonary resuscitation. 


CASE REPORT 


A six-month-old white female, with normal birth 
and family history, was first admitted to the Mon- 
treal Children’s Hospital on August 29, 1978, in 
moderate respiratory distress. Chest x-ray and 
barium swallow did not reveal evidence of pneu- 
monia, foreign body or tracheoesophageal fistula. 
Sweat test and viral cultures were negative. A work- 
ing diagnosis of bronchiolitis was conferred, al- 
though the possibility of laryngotracheomalacia 
was also considered. Clinically, she improved with 
conservative treatment consisting of oxygen, hu- 
midification, and physiotherapy, and was dis- 
charged in satisfactory condition two weeks later. 


She returned to hospital on October 8, 1978, with 
an obvious upper respiratory tract infection and 
fever of 38.9 C (102 F). On the day of her admis- 
sion, she became cyanotic momentarily after an 
episode of vomiting. Physical examination revealed 
mild inspiratory and expiratory stridor but good air 
entry in both lung fields. Chest x-ray was within 
normal limits. She again responded to supportive 
treatment. No antibiotics were given and she was 
discharged within 48 hours in satisfactory condi- 
tion. 


One month later, she was admitted for the third 
time with a mild upper respiratory tract infection 
and stridor. Her condition improved with humidity 
and oxygen, and she was discharged two days later. 
Chest x-ray, bacteriology and virology were nega- 
tive. The working diagnosis was still bronchiolitis. 
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Fig. 1. Posterior view of tracheobronchial specimen in- 
dicating the congenital tracheal diverticulum projecting 
obliquely downward from the right posterolateral wall. 


She returned to hospital for the last time on De- 
cember 12, 1978. One day prior to admission, there 
was evidence of dyspnea and irritability. She had 
no fever, feeding difficulty or vomiting. There was 
no wheezing, cyanosis, or expectoration. Respira- 
tory rate was 54/minute with evidence of intercostal 
and sternal indrawing. Coarse expiratory rhonchi 
were heard but air entry was adequate bilaterally. 


The infant became more irritable and dyspneic 
over the next 24 hours. Chest x-ray now showed a 
rightward mediastinal shift on the basis of an 
atelectatic right lung. Cardiorespiratory arrest en- 
sued and although successfully intubated alternate- 
ly with an orotracheal tube and rigid bronchescope, 
it was not possible to ventilate the patient. Fulmi- 
nant bleeding from both lung fields was noted dur- 
ing the bronchoscopy. Ironically, ventilation by 
mask was extremely adequate during the resuscita- 
tive attempts. The child died after the third cardiac 
arrest when all resuscitative measures failed. 


The autopsy indicated an acute bronchepneu- 
monia with superimposed hemorrhage and marked 
pulmonary edema, presumed to be of viral etiology. 
A tracheal diverticulum measuring 1 cm in length 
was found on the right posterolateral wall approxi- 
mately 2 cm above the carina (Figs. 1 and 2). The 
surface epithelium showed focal squamous meta- 
plasia and ulceration, with mucus gland hyper- 
plasia and chronic inflammatory infiltrate in the 
submucosa. The wall of the diverticulum contained 
smooth muscle and cartilage. Distal to the diver- 
ticulum, a stenosis was noted compromising the 
tracheal lumen to a diameter of 3 mm. No other 
congenital abnormalities were evident. 





Fig. 2. Posterior view of sectioned tracheal lumen 
revealing the diverticular evagination with distal stenosis. 


DISCUSSION 


The classification of congenital malformations of 
the trachea, bronchi and lung was outlined by Hol- 
inger et al in 1952.° Recurrent respiratory tract 
symp: omatology in any infant should signal the pos- 
sibility of a tracheobronchial tree malformation. 
The receding case illustrates several important 
conceots for the pediatric diagnostician and the 
practming endoscopist. 


The ultimate cause of death in this child was a 
fulmimant bronchopneumonia leading to cardiopul- 
monary arrest. It is likely that mucus secretions col- 
lected within the confines of the tracheal diver- 
ticulum, became infected, and periodically spilled 
over iato the lower respiratory tract. Alternatively, 
stasis of secretions within the diverticulum coagu- 
lated ‘nto a mucus plug which then proceeded to 
obstruct the lower airway. Either hypothesis could 
explaia the recurrent episodes of respiratory distress 
necess-tating hospitalization and eventually result- 
ing in ‘he demise of the infant. The stenosis distal to 
the evagination was a contributing factor. 


During the attempted resuscitative procedure, it 
was pessible to adequately ventilate the child at all 
times by mask. Although per oral intubation was 
successful, first with a 3.5 mm. Portex® en- 
dotracheal tube and subsequently with a rigid 3.5 
mm bronchoscope, it was not possible to provide 
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ventilation by this route. Retrospectively, it was 
assumed that the intubation tube distally abutted 
against the wall of the diverticulum, thus making 
ventilation ineffectual. Since no difficulty was en- 
countered when the infant was ventilated by mask 
and because of the immediate urgency of the situa- 
tion, gradual withdrawal of the artificial airway 
was not attempted. 


CONCLUSIONS 


Congenital trecheal diverticuli are rare but po- 
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tentially fatal lesions. They usually arise from the 
right lateral trachea and, unlike the acquired varie- 
ty, contain cartilage within their wall. 


A history of repeated respiratory tract infections 
in infants should signal the possibility of 
tracheobronchial tree malformation. Contrast 
bronchography or bronchoscopy is necessary to 
establish this diagnosis. A tracheal diverticulum 
should be considered when successful intubation 
leads to inadequate ventilation. 
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Two children, one with an internal laryngocele and the other with a lateral saccular cyst are described. The anatomy, classification, 
and history of these unusual lesions are described. The diagnosis and management are discussed. An external approach is suggested for the 


more persistent cases. 


INTRODUCTION 


The most common causes of laryngeal stridor in 
infants and children are laryngotracheal bronchitis 
and laryngomalacia. Other causes include vascular 
rings, vocal cord paralysis, foreign bodies, acute 
epiglottitis and laryngeal webs. To this list may be 
added congenital laryngeal cysts and laryngoceles, 
both of which are rare causes of respiratory tract 
obstruction in children, but when they oceur they 
may present difficulties in diagnosis and manage- 
ment and can be life-threatening.' In a review of 
200 unselected cases of laryngeal stridor in children 
Birch had four cases of laryngeal cysts.* In Hol- 
inger’s 30 years experience with laryngeal anomal- 
ies he saw 20 cases of congenital cysts and laryngo- 
celes.’ 


ANATOMY 


Galen first mentioned the laryngeal ventricle in 
300 AD.* In 1741 Morgagni described the ventricle 
in detail, but it was left to Hilton in 1837 to com- 
plete the outline of the anatomy of the laryngeal 
saccule.° The saccule arises vertically off the 
anterior end of the ventricle. This pouch then passes 
superiorly between the false vocal cord, the base of 
the epiglottis and the inner surface of the thyroid 
cartilage.’ Normally the adult saccule can extend as 
high as the superior border of the thyroid cartilage.’ 
In the fetus approximately 25% of these appen- 
dages extend beyond the upper border of the thy- 
roid cartilage and terminate medial to the thyohy- 
oid membrane. The structure is lined by pseudo- 
stratified ciliated columnar epithelium and on the 
surface of its mucous membrane are the openings of 
60 to 70 mucous glands.’ Medial and lateral to the 
saccule are delicate muscles which compress it to ex- 
press its secretions upon the vocal cords.’ 


HISTORY OF LARYNGOCELES AND CONGENITAL 
LARYNGEAL CYSTS 


In 1829 Larrey, a surgeon in Napoleon’s army, 
was the first to describe air-containing tumors in 
the neck.'® While in Egypt he noted that these le- 
sions were very common among the blind who were 
emp.oyed to chant verses from the Koran from the 
tops of the minarets every hour of the day and 
nigh-. Larrey also observed similar air sacs in army 
drill instructors. Unaware of Larrey’s description, 
Virchow introduced the term “laryngocele” in 1867 
to describe an air-filled dilatation of the saccule."! 
Abercrombie introduced the term congenital cyst in 
1881 while describing a laryngeal cyst in a new- 
born '? 


CLASSIFICATION 


DeSanto has clarified the terminology of laryn- 
geal cysts.'*'* The term saccular cyst has replaced 
the alder term congenital laryngeal cyst. Both the 
larymgocele and the saccular cyst arise from the sac- 
cular appendage. They differ in that the laryngo- 
cele communicates freely with the laryngeal lumen 
and is filled with air, while the saccular cyst has no 
communication with the laryngeal lumen and is 
fluid filled. There are two types of saccular cysts. 
The lateral saccular cyst extends posterosuperiorly 
into the false vocal cord and aryepiglottic fold from 
its enigin at the nonpatent orifice of the saccule. 
The anterior saccular cyst extends medially and 
posteriorly to protrude into the laryngeal lumen 
from between the true and false vocal cords. Three 
types of laryngoceles are described. An internal 
laryngocele is confined to the interior of the larynx 
and extends posterosuperiorly into the false vocal 
cord and aryepiglottic fold. An external laryngocele 
extends superiorly to present laterally in the neck 
throuzh the opening in the thyrohyoid membrane 
for the superior laryngeal nerve and vessels. When 
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Fig. 1. (Czse 1) A) The initial lateral soft tissue film of the neck demonstrates a large supraglottic mass which distorts the 
pyriform sinus B) This lateral film was taken 24 hours later and no mass is seen. 


the features of bcth exist simultaneously it is termed 
a combined laryagocele. 


The purpose of this paper is to present two 
children, one with an internal laryngocele and 
another with a lateral saccular cyst to highlight the 
mode of presentation, the diagnostic dilemmas and 
the management of these unusual lesions. 


CASE REPORTS 


Case 1. A 12-month-old white female was admitted to 
Children’s Hospital Medical Center on March 17, 1979 on trans- 
fer from an outlying hcspital. The patient had developed stridor 
and increasing respiratory difficulty on the day of admission. The 
mother gave a history of noisy breathing and a hoarse cry which 
had been intermittert since birth, but these symptoms had gradu- 
ally increased in seve-ity and frequency. The patient had been ad- 
mitted to another hespital in August 1978 for wheezing, but no 
definite diagnosis was made at that time. Physical examination 
revealed an obese white female infant in moderate respiratory 
distress with a loud -ough. Laboratory data were within normal 
limits. High kV AP and lateral films of the neck revealed a right 
supraglottic mass (Fg. 1A). The was seen to vary remarkably in 
size, at times alme t to disappear (Fig. 1B). It was noted to 
displace the trachea and the larynx anteriorly and to the left. Cine 
studies of the neck done on admission revealed the mass to be in- 
flatable with crying br straining, and a diagnosis of a laryngocele 
was made. 





Fig. 2. (Case 1) Right internal laryngocele seen only as a 
ae fullness of the right false cord and right aryepiglottic 
fold. 


On the afternoon of admission the patient was taken to the 
operating room and a direct laryngoscopy was performed under 
general anesthesia. The larynx, hypopharynx, and trachea were 
noted to be within normal limits. No abnormality was noted on 
this examination. The patient was observed in the Intensive Care 
Unit following this examination and it was noted that she did well 
while sedated, but when agitated and crying the stridor markedly 
increased. Endoscopy was repeated on March 22, 1979 and again 
the examination was entirely within normal limits. A 
laryngogram under general anesthesia was done on March 29, 
1979. At that time Dionosil® and air were used as contrast media. 
During this examination a mass was seen on the right side of the 
supraglottic larynx, but this was noted to be present only when 
the patient was breathing and not when apneic. A slight fullness 
of the right aryepiglottic fold was noted on direct laryngoscopy 
(Fig. 2). Because of our inability to demonstrate the lesion con- 
clusively on direct laryngoscopy, an external approach was de- 
cided upon to excise this mass. Accordingly on April 3, 1979 the 
patient was returned to the operating room and a tracheostomy 
was performed. A microlaryngoscopy was then performed and on 
this examination mucosa was noted to be bulging from the right 
ventricle. An external approach via a horizontal incision at the 
level of the thyroid notch was used. The upper half of the right 
thyroid ala was reflected exposing the paraglottic space (Fig. 3). 
The sac of the internal laryngocele was identified in this space and 
was excised without difficulty (Fig. 4). Following surgery the pa- 





Fig. 3. (Case 1) Incision used to reflect the upper half of 
the right thyroid ala to expose the paraglottic space. 
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Fig. 4. (Case 1) Right eens space exposed and sac 
of internal laryngocele identi 


tient did well until the second postoperative day when the trache- 
ostomy tube became dislodged, and as the airway of the infant 
was obviously adequate the tracheostomy was not replaced. The 
patient did well following this and has had no further symptoms 
of respiratory distress. 


Case 2. The patient was a white female born on September 1, 
1978. At birth the infant had a hoarse cry and gasping respirations 
and was noted to be dusky. Also, deep suprasternal retractions 
were noted. A laryngoscopy at this time revealed a 2'4 cm mass in 
the left side of the larynx. An orotracheal tube was passed and the 
patient was transferred to Children’s Hospital Medical Center on 
the day of birth. On admission a chest x-ray was within normal 
limits with the endotracheal tube in good position. High kV films 
of the neck revealed a soft tissue density in the left supraglottic 
larynx. The mass tended to bow the trachea in an anterior direc- 
tion. Admission laboratory studies were within normal limits. On 
September 2, 1978 a microlaryngoscopy was performed under 
general anesthesia and a large cyst was noted in the left aryepi- 
glottic fold, the left side of the epiglottis and the left pyriform 
sinus. It was bluish in color and obviously filled with fluid (Fig. 
5). A No. 19 spinal needle was used to aspirate the cyst which con- 
tained 4-5 cc of a thick mucoid fluid. Following aspiration of this 
fluid the cyst collapsed. The remainder of the pharynx, endolar- 
ynx and the respiratory tract were within normal limits. On Sep- 
tember 5, 1978 microlaryngoscopy was repeated and the cyst was 
again aspirated as the fluid had reaccumulated. On September 6, 
1978 microlaryngoscopy was again performed and again the cyst 
had accumulated more fluid. On this occasion the CO, laser was 
used to uncap the cyst and to drain and marsupialize it. On 
September 9, 1978 microlaryngoscopy was again repeated and 
again the cyst had filled with fluid. On this occasion a tracheos- 
tomy was performed. Follow-up films of the neck revealed per- 
sistence of the large supraglottic mass (Fig. 6). Between 
September 14, 1978 and October 25, 1978 four further laryngos- 





Fig. 5. (Case 2) Left lateral saccular cyst. 


copie: were performed with aspiration, uncapping, and removal 
of the cyst wall attempted on each occasion. The examination was 
repeaæd on November 9, 1978 and on this occasion no reaccumu- 
lation was noted. The patient was discharged shortly afterwards 
and was readmitted in mid-December 1978 and the larynx was 
examined and noted to be within normal limits apart from slight 
thickening of the left aryepiglottic fold. On this admission the pa- 
tient was successfully decannulated. The larynx was again ex- 
amined on June 7, 1979 and October 22, 1979 and on both of 
these occasions it was noted to be within normal limits and the pa- 
tient Fad no further evidence of respiratory obstruction. 


DISCUSSION 


Internal laryngoceles and lateral saccular cysts 
may present similar clinical pictures.''*-'* They 
may be present at birth or present at any age. 
Symptoms may vary, the commonest being respira- 
tory distress, usually with inspiratory stridor.'5'’ 
There may be a muffled or inaudible cry. Dyspha- 
gia may be evident. The symptoms of a saccular 
cyst are usually persistent while those of an internal 
laryngocele may be intermittent due to its commun- 
ication with the laryngeal lumen. A tracheostomy is 
neces-ary in most cases.'7:'!9:?° 


The diagnosis of these lesions is based on radio- 
logiecl evaluation and direct laryngoscopy.'*?! 
High kV inspiratory and expiratory films in both AP 
and lateral views will usually demonstrate the ab- 





Fg., 6. (Case 2) Posttracheostomy film of the neck shows 
persistence of the supraglottic cyst. 
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Fig. 7. ra 1) Laryngoscope in position showing 
stretching of the ræht aryepiglottic fold and decompression 
of the right interral laryngocele. 


normality. However, as an internal laryngocele 
may inflate anc deflate several times in a short 
period, several ilms may be needed to show the 
characteristic swelling in the supraglottic area. 
Both appear as € rounded soft tissue mass involving 
the false cord, tne aryepiglottic fold, the pyriform 
sinus, the glotis and hypopharynx.”? Direct 
laryngoscopy wll confirm the diagnosis in most 
cases but may be inconclusive as pointed out in case 
1. These lesions appear as mucosally covered round- 
ed masses expanding the false cord and the aryepi- 
glottic fold, ard encroaching on the laryngeal 
lumen to a sign-+ficant extent. They may obliterate 
the pyriform sirus and extend into the hypophar- 


ynx. In case 1 we were not able to demonstrate con- 
clusively the laryngocele at direct laryngoscopy 
which was repeated on three occasions. Presumably 
this was due to the fact that the air-filled sac col- 
lapsed on induction of anesthesia and muscular 
relaxation, or to the position of the laryngoscope 
(Fig. 7). Attempts at inflating the lesion with air 
during one of these examinations were unsuccessful. 
The diagnosis in this case was made on the history 
of intermittent airway obstruction and the 
radiological findings as described. 


The treatment of these conditions may be quite 
troublesome. The saccular cysts can usually be 
managed by direct laryngoscopy and aspiration.” 
However, the cysts tend to recur again and again, 
and multiple aspirations may be needed supple- 
mented by unroofing of the cyst with a forceps and 
attempts to remove all or part of its lining.?* In Hol- 
inger’s series a mean of 7.5 laryngoscopies was per- 
formed on each infant with one child requiring 14 
separate procedures.*° In our case 2 the child under- 
went 1] separate procedures before resolution of the 
problem and successful decannulation. Perhaps in 
these more persistent cases an external approach 
and excision of the cyst would be justified. 


The treatment of an internal laryngocele may be 
equally troublesome and frustrating. In Holinger’s 
series two children had laryngoceles, both of which 
resolved after diagnostic laryngoscopy and no fur- 
ther treatment was tried.”° There is little in the 
literature regarding the management of these le- 
sions in infants and children. It is not unreasonable 
to try a similar approach as that for saccular cysts.!° 
Again it is likely that multiple aspirations and at- 
tempts at unroofing will be needed. An external ap- 
proach may also be used to excise the sac. This ap- 
peared a more rational approach in our case due to 
our inability to demonstrate the lesion endoscop- 
ically. The external approach allows an extramuco- 
sal approach to the enlarged saccules, good expos- 
ure and ease of excision with minimal morbidity. 
Several such approaches are described in the litera- 
ture, '!7:25-28 
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PEDIATRIC FLEXIBLE BRONCHOSCOPY 


ROBERT E. Woop, PhD, MD 


JAMES M. SHERMAN, MD 


CLEVELAND, OHIO 


We have utilizec a prototype pediatric flexible bronchoscope to perform diagnostic and therapeutic procedures on pediatric patients 
ranging from 840 gm :o 14 years of age. Flexible bronchoscopy, with appropriate instrumentation and careful attention to physiological re- 
quirements of the pater t, is safe and effective in pediatric patients. The availability of new instrumentation promises to have as great an 
impact on pediatric fulmonology as the standard flexible bronchoscopes did on adult pulmonology. With this instrument, the indications 


for bronchoscopy ma be considerably expanded. 


The introduction of the flexible bronchoscope in 
the early 1970s led <o a veritable explosion in the ap- 
plications of pulmonary endoscopy.' Unfortunate- 
ly, however. applications in the pediatric popula- 
tion have been severely limited because of the lack 
of adequate suction capability in available small in- 
struments and the small size of the airways in rela- 
tion to the size əf standard instruments. Most au- 
thorities suggest that flexible bronchoscopy cannot 
(or should not) be performed on children younger 
than about ten years. 


We previously reported? the use of a modified 3.5 
mm flexible brorchoscope (Olympus BF3C2, which 
has no suction ¢hannel but does have controlled 
flexion at the tips in infants as young as 18 months. 
This instrument was modified by attaching an ex- 
ternal suction channel (polyethylene or Tef- 
lon® tubing 1.5-1.8 mm in diameter). Although 
this was useful fer many applications, it had limita- 
tions, and could not be used in smaller infants. 


In late 1978, the Olympus Corporation devel- 
oped an experimental prototype of a pediatric bron- 
choscope (BF3C4), which we have used since that 
date. This instrument has an outside diameter of 3.5 
mm, and a 1.2 mm suction channel. In every other 
respect it is verr similar to the standard Olympus 
bronchoscopes. We have utilized this instrument for 


TABLE 1. INDICATIONS FOR ENDOSCOPIC 


_ PROCEDURES _ ee 
Atelectass 55 
Stridor 53 
Suspectee fcreign body 12 
Recurrere pneumonia 9 
Persister’ pneumonia 12 
Bronchia teilet 9 
Intubatican 5 
Hemoptwais 7 
Miscellameous 24 
Wheezing 7 

ough 8 


211 procedures in patients aged 14 years or less, and 
here report a summary of our experience. 


METHODS 


Inpatients (as well as selected outpatients) at Rainbow Babies 
& Childrens Hospital underwent diagnostic or therapeutic pro- 
cedures (bronchoscopy or transnasal direct laryngoscopy} for a 
variety of clinical indications (Table 1). Of these procedures 175 
were bronchoscopies: 36 were transnasal laryngoscopies only. 
Two thirds of the patients were under one year of age: the age 
distribution is shown in Table 2. 


Procedures were performed either in the Pediatric Endoscopy 
Laboratory or in one of the several intensive care units in the 
hospital. Patients were fasted for at least six hours (four hours in 
small infants) prior to the procedure, and in infants under two 
years of age the stomach was routinely aspirated prior to the pro- 
cedure, The nose, posterior pharynx and larynx were anesthetized 
with 2% lidocaine in all cases. Infants younger than 3-4 months 
were not sedated unless necessary, while older infants and 
children were sedated with a “cocktail” of meperidine, pro- 
methazine, and chlorpromazine or with meperidine alone. Occa- 
sionally this was supplemented with intravenous diazepam. Pa- 
tients 12-14 years or older were given the opportunity to undergo 
the procedure with topical anesthesia only (if appropriate) sup- 
plemented with hypnoanalgesia; many of them were quite in- 
terested to view the interior of their lungs through the teaching 
head of the bronchoscope and desired to remain awake. An occa- 
sional older child needed or requested sedation after initially 
declining; intravenous diazepam was then used. 


All procedures were performed by a transnasal approach unless 
there was an artificial airway in place large enough to pass the 
bronchoscope (at least 4.5 mm ID). In several infants with a tra- 
cheostomy the instrument was passed transnasally, and then be- 
hind the tracheostomy tube while mechanical ventilation was 
continued. In one infant with severe subglottic stenosis the bron- 
choscope was passed through the tracheostomy stoma after re- 
placing the tracheostomy tube with a 3.0 mm (ID) endotracheal 
tube passed through the stoma. 


TABLE 2. AGE OF PATIENTS 


Laryngoscopy 
Age Bronchoscopy only 
0-3 months 53 13 
4-12 months 54 13 
l year 25 5 
2-6 years 20 5 
7-14 years 23 0 


From the Rainbew Eabies & Childrens Hospital, Case Western Reserve University, Cleveland, Ohio. This study was supported by grants from the Na- 
tional Institutes © Health (HL 17776, HL 07415, and AM 08305) and the Parker B. Francis Foundation. 

Presented at the meeting of the American Broncho-Esophagological Association, Palm Beach, Florida, April 12-13, 1980. 

REPRINTS — Rotert E. Wood, PhD, MD, Rainbow Babies & Childrens Hospital, Case Western Reserve University, 2101 Adelbert Road, Cleveland, 
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Fig. 1. Recording of transcutaneous oxygen and:carbon 
g g me 


dioxide tension in an 1,100 gm infant with massive atelec- 
tasis during therapeutic bronchoscopy. The patient was re- 
ceiving 50% oxygen by CPAP prior to the procedure; the 
same concentration was given afterwards. Note the in- 
crease in both oxygen and carbon dioxide tension during 
the procedure (oxygen was insufflated through the suction 
channel of the bronchoscope while it was below the cords). 
Removal of a large mucus plug resulted in improvement in 
clinical condition and in oxygenation. The direct reading 
of the CO, electrode is approximately 20% too high (com- 
pared to arterial) and its response is delayed for 1'4 to 2 
minutes. 


Specimen Collection., Direct aspiration of secretions into a suc- 
tion trap was performed in the same fashion as with larger flexible 
bronchoscopes. Small-volume saline lavages (5-20 cc) for 
diagnostic purposes (culture and cytological examination) were 
also performed as with larger instruments. Biopsies are not ob- 
tainable with this instrument at present. 


Monitoring of Patients. Procedures are performed with com- 
plete monitoring and resuscitative equipment at hand and with at 
least two physicians and one nurse in attendance. The second 
physician has the responsibility to monitor the patient for breath 
sounds, heart rate, color, respiratory distress, or any other signs of 
problems. EKG monitoring is done in small infants or in patients 
with hypoxemia or who are considered to be at risk. When ap- 
propriate, monitoring of oxygenation is done by ear oximetry (ox- 
ygen saturation) or a transcutaneous oxygen electrode. Sup- 
plemental oxygen is given by face mask as necessary; in very small 
infants (< 2,000 gm) oxygen is insufflated down the suction chan- 
nel at a rate of 1 liter/minute when the tip of the bronchoscope is 
above the larynx. This is done by attaching an oxygen line to the 
suction adapter of the bronchoscope and occluding the outlet of 
the adapter with the fingertip in the same way as suction would 
normally be applied. When the tip of the instrument is below the 
larynx, the outlet of the suction adapter is occluded intermittently 
for one-half to one second, in phase with the patient’s inspiratory 
efforts, thus delivering 10-20 cc of oxygen down the suction chan- 
nel. When suctioning is needed, the oxygen line is removed and a 
suction line attached. 


RESULTS AND DISCUSSION 


Flexible bronchoscopy is well tolerated by infants 
and children as long as due care is taken to provide 
for adequate topical anesthesia, sedation, and 
monitoring for airway patency. Newborn (full- 
term) infants are able to breathe spontaneously 
around the instrument, with minimal to no evi- 
dence of airway obstruction. Smaller infants cannot 
ventilate around the instrument, and special care 
must be taken to avoid hypoxia. By flushing oxygen 
down the suction channel intermittently (as de- 
scribed above) we have been able to maintain ade- 
quate oxygenation in infants as small as 840 gm. 
However, despite adequacy of oxygenation, this 
procedure may lead to transient hypercapnea (Fig. 


TABLE 3. DIAGNOSES (LOWER AIRWAY 





Mucus plug 7 46 
Bronchial stenosis or compression 25 
Tracheomalacia 15 
Inflammation (only) 13 
Foreign body 7 
Tracheal stenosis 6 
Granulation tissue 5 
Miscellaneous 14 
No anatomic diagnosis 33 


1) im these very small infants. In older infants there 
has seldom been evidence (clinically or by ear ox- 
imetry) of significant hypoxia except in patients 
with preexisting hypoxia and extensive secretions. 
Supplemental oxygen delivered to the face has been 
sufficient in these cases. 


Tae most frequent indication for bronchcscopy 
(Takle 1) in our series has been atelectasis (55 pa- 
tients), particularly in infants under three months 
of age. Many of the 53 bronchoscopies in infants 
under three months were in premature infants or 
newborns with postextubation atelectasis. Our in- 
dication for bronchoscopy in these patients is failure 
to respond to conventional therapy (sucticning, 
ches: physiotherapy) for at least 48 hours; often the 
patients had been reintubated for suctioning with- 
out <uccess. In infants who were in distress with 
massive atelectasis, bronchoscopic intervention was 
undertaken earlier. In 25 of 29 infants less than 
3,899 gm with atelectasis there was radiographic 
resehition within one hour; three infants resolved 
within 12-24 hours, and one did not resolve. These 
patients are the subject of a separate report. Several 
of the smallest infants (840-1,200 gm) required 
more than one procedure because of recurrence of 
massive atelectasis; each responded well on each oc- 
casion tc removal of thick mucus plugs. 


The diagnoses established at bronchoscopy are 
shown in Table 3. As might be anticipated from the 
indications (Table 1), the most common finding was 
mucus plugs, closely followed by anatomical ob- 
struction of the airways. Compression of a bronchus 
(most often the left main stem) was a common find- 
ing ir. infants with congenital heart disease and car- 


some of these patients atelectasis was relieved by 
lavage and suctioning despite the anatomic abnor- 
malty, 


The small (1.2 mm) suction channel in the bron- 
choscope might be presumed an impediment to ef- 
fective suctioning. However, this has not been the 
case. In many infants (especially the premature in- 
fants: thick mucus plugs were removed by sucking a 
portien of the plug up into the suction channe and 
then slowly removing the bronchoscope from the 
airway, pulling the mucus plug along with the 
bromehoscope, which was then cleared and rein- 
sertec. The ability to direct the tip and to assess the 
results of suctioning visually make this an extremely 
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TABLE 4, DIAGNOSES (UPPER AIRWAY 








Laryngomalacia 31 
Subglotticstenosis or edema 19 
Cord para ysis 3 


Miscellaneous (cysts, hemangiomas) 4 


effective method for airway toilet, even in the 
smallest infants. 


Children known to have aspirated a foreign body 
were referred directly for open tube bronchoscopy. 
In several patients however, foreign body was not 
suspected clinica ly. In others, the diagnosis was 
equivocal on clinical grounds. All but one foreign 
body was found ia the left main stem bronchus or in 
the left lower lobe. These patients were subsequent- 
ly treated by open tube bronchoscopy, but in sever- 
al cases flexible bronchoscopy was later necessary to 
remove mucus plugs. Those children who had had 
extensive granulation tissue at the site of foreign 
body were examined with the flexible instrument 
several weeks later; one had to be referred back for 
removal of additional foreign material. The super- 
ior optics of the flexible instrument (in comparison 
to a standard open tube bronchoscope) and the 
relative ease and safety with which the procedure 
can be performec may make the flexible procedure 
the method of choice for initial evaluation of ques- 
tionable foreign bcdies and for follow-up examin- 
ations. 


In 33 patients. no anatomical diagnosis was made 
at bronchoscopy. Ten of these patients had radio- 
graphic evidence of atelectasis; washings of the af- 
fected lobes revealed evidence of infection in six, 
two had numeroas eosinophils in the washings, and 
two had normal cytology and negative culture. 


The small bronchoscope makes an excellent lar- 
yngoscope, and was often used in the investigation 
of stridor (53 patients). The diagnoses established at 
transnasal direct laryngoscopy are shown in Table 
4. In a number of infants with stridor we noted that 
direct laryngoscepy in the conventional fashion re- 
vealed no abnormalities, while a transnasal layngo- 
scopy revealed a very floppy epiglottis. Other in- 
fants with short arvepiglottic folds or with prolapse 
of the arytenoid: into the glottis were also seen. In 
several infants being investigated for possible 
obstructive apnea the laryngeal examination was 
initially completely normal, but when the patient 
was sedated, stridor developed. In these cases we 
noted collapse of the lateral pharyngeal walls, 
softening of the epiglottis, and prolapse of the ary- 
epiglottic folds or arytenoids into the glottis, appar- 
ently resulting ‘rom a loss of muscle tone during 
sleep. 


TABLE 5. RESULTS (N = 211) 


Resolution of atelectasis 44/58 
Establishment of diagnosis: 
Anatomical 121/163 
Bacteriological (only) 16/163 
No useful information 12/211 


Stridor was the most common indication for 
transnasal laryngoscopy, and variations on the 
theme of laryngomalacia (floppy epiglottis, short 
aryepiglottic folds, redundant arytenoids/aryepi- 
glottic folds) were the most common findings. 
Other findings included subglottic stenosis, 
laryngeal edema, laryngeal cysts, laryngeal webs, 
papillomatosis, and subglottic hemangioma. 


The pediatric bronchoscope is a very useful tool 
for nasotracheal intubation’ in infants large enough 
to take a 4.5 mm (ID) endotracheal tube. The aver- 
age time required for nasotracheal intubation with 
this method has been about 30 seconds. Tubes larg- 
er than 6.5 mm, however, are too stiff to use easily 
with this small instrument. 


The overall outcome of the patients in this series 
is summarized in Table 5. It is noteworthy that use- 
ful information or therapeutic result was obtained 
in 94% of the patients. We estimate that approx- 
imately 25 of these patients would have been con- 
sidered candidates for bronchoscopy if only open 
tube instruments had been available. 


Few complications occurred in our series of pa- 
tients. There was one episode of transient laryngo- 
spasm associated with intrabronchial instillation of 
N-acetyl cysteine in an eight-year-old girl with a 
persistent mucus plug. A three-month-old infant 
with severe stenosis of the left main stem bronchus 
developed a pneumothorax during an attempt to di- 
late the stenosis with the tip of the bronchoscope. 
Neither patient had lasting effects from these com- 
plications. One infant (2,200 gm) had a seizure one 
hour after bronchoscopy; in retrospect this might 
have been related to the topical anesthetic (lido- 
caine) used, although this was not documented. 
This infant was critically ill, with complex cyanotic 
heart disease (single ventricle) and massive atelec- 
tasis. She required immediate reintubation after the 
procedure and mechanical ventilation; the atelec- 
tasis resolved by the following morning. No neuro- 
logic sequelae could be identified, and it is not 
known whether the seizure was causally related to 
the procedure. However, this patient does empha- 
size the point that one must be careful with drug 
dosages in children, and even more so with very 
small infants. 
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Pultusker and Dr. Richard Martin for assistance with the transcutaneous oxygen and carbon dioxide measurements. 
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ACUTE UPPER AIRWAY OBSTRUCTION IN INFANTS AND CHILDREN 
EVALUATION BY THE FIBEROPTIC BRONCHOSCOPE 


PIERRE A. VAUTHY, MD RAMALINGA REDDY, MD 


TOLEDO, OHIC 


All infants and children seen by the pediatric pulmonary service who disp: ay symptoms of upper airway obstruction undergo transnas- 
al fiberoptic evaluation with the 3.2 mm flexible instrument. The precedure enables the observer to immediately visualize the 
nasopharynx, supraglottic, glottic and subglottic structures. Instrumentation is-done in the sitting upright position and takes the skilled 
observer about 20 seconds to perform. The differentiation of epiglottitis from sibglottic croup, foreign body aspiration and other less com- 
mon causes of airway obstruction is easily performed and well tolerated. The fiberoptic instrument is often utilized both as a diagnostic and 
therapeutic tool. It can be utilized to intubate cases of epiglottitis and to eval uate the epiglottis to determine the appropriate time for ex- 
tubation. This procedure is superior to oral airway examination because it joes not distort airway anatomy, can be performed in the 
upright position, and does not further exacerbate airway obstruction. 


The use of fiberoptic bronchoscopes in infants alwats present in the procedure room. All procedures excluding 
and children to evaluate both the upper airway and those 2erformed in the Emergency Department are videotaped by 


the Circon color video system, This allows for immediate play- 


the tracheobronchial tree has received little atten- P aay | 
back and documentation of the procedure. 


tion in the medical literature. During the past four 
years, fiberoptic instruments have been utilized at 


: í WAY ] N IN INFANTS 
The Pediatric Pulmonary Center of The Toledo AER OBSTRUCTION DINERS be 


Hospital and The Medical College of Ohio at Tole- The diagnosis of upper airway obstruction in in- 
do in over 800 procedures. The patients range in age fants is most easily made when the upper airway 
from premature infants to adolescents. Indications structures can be evaluated without distorting their 
for instrumentation include history of apnea or anatomy or normal physiology. Direct laryngos- 
aspiration, nasal obstruction, stridor, dysphagia, copy or straight bronchoscopy does not permit such 
dysphonia, localized wheezing, localized airway an eealuation. The fiberoptic instrument can be in- 
turbulence, persistent atelectasis, lobar hyperaera- serted via the nasal route in infants as small as 1 kg 
tion and suspected foreign body aspiration. permitting visualization of the upper airway during 
TECHNIQUE normal breathing. The infant can be studied in 
both the prone and supine positions which is not 

The 3.2 mm and 5.3 mm Olympus fiberoptic brenchoscopes possible with conventional techniques. 

are utilized in the evaluation of patients. however the smaller in- te 

strument is the preferred diagnostic tool. This bronchoscope does Clinical conditions which produce airway ob- 
not have a suction or instrument channel, but has good mobility struction in infants differs from those of older chil- 
and optics which provide the observer with an excellent view of dren Table 1 lists the diagnoses made over the past 
Sea oe size makes it ideally suited ‘or infants, four wears at the Pulmonary Center. The most com- 
. . SaS mon ddiagnosis is that of laryngomalacia. The effects 
Patients do not routinely receive premedication. Two percent of changes in body position on the floppy epiglottis 


Xylocaine® jelly is inserted into the nasal alae whieh provides 


both lubrication and topical anesthesia. Topical Ceta- and arytenoids can be well documented with the 


caine® spray is at times administered to the oropharynx if bron- fiberoptic instrument. Differentiation of obstruc- 
choseopy is contemplated. Infants are restrained by a blanket tive from central apnea is performed by leaving the 
wrapped circumferentially around the body. Children under five instr-:ment in the posterior pharynx of K sleeping in- 
years of age are usually restrained by a papoose board and are fant C r eee p S i e R 

studied with the head elevated at 40-45°. Older children rarely at - Continuous monitoring ot the patient j AWRY 
need restraints. All patients presenting with acute airway obstruc- is reeørded by the video system. The findings are 
tion are studied in the upright position. corre.ated with cardiac and respiratory tracings 


Upper airway evaluation is performed by inserting the fiberop- pee te , | 
tic instrument transnasallv. This provides excellent visualization -ABLE 1. AIRWAY OBSTRUCTION IN INFANTS 


of the nasal passage, posterior pharynx, tonsils, epiglottis, Laryngomalacia Westie lea trace 
arytenoids, vocal cords, and subglottic space. If the upper airway " 


evaluation is nondiagnostic then the instrument is inserted See eee polyps 
through the glottis into the tracheobronchial tree. The patient is ea cord paralysis Subg ottic stenosis 
monitored by a nurse during the entire procedure. Electrocardiac Vocal cord web Obstructive apnea 
monitoring is utilized on acutely ill patients and those undergoing Vocal cord polyps Congenital anomalies 


DN 
HE 


Nasal polyps Iatrogenic 






bronchoscopy. Oxygen, suction and resuscitation equipment is 


From the Toledo Hospital Pediatric Pulmonary Center and the Department of Feciatrics, the Medical College of Ohio at Toledo, Toledo, Ohio. 
Presented at the meeting of the American Broncho-Esophagological Association, Palm Beach, Florida, April 12-13, 1980. 
REPRINTS — Pierre A. Vauthy, MD, The Toledo Hospital, 2142 North Cove Boulevard, Toledo, OH 43606. 
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TABLE 2. ACUTE AIRWAY OBSTRUCTION IN CHILDREN 


ee e eeaeee eeyan tetni minerar Aeee iee reg 
MAhmmin mme drenar maine nh s tiere riehe enamn anara painaa aiii irina RRL LE errr eRe eer LAP a a a —eyry—yoryn errecwecwenuutyanoneniee 


Epiglottitis Tonsillar edema 

Croup Bacterial 
Supraglottic Viral 
Subglottie Foreign body 

Membranous ¢racheitis Trauma 


which are obtained simultaneously. Evaluation of 
swallowing and aspiration is also performed with 
this type of monitcring. 


AIRWAY OBSTRUCTION IN OLDER CHILDREN 


Airway obstruction postinfancy is usually more 
acute and life threatening and demands rapid diag- 
nosis. Tables 2 end 3 list the causes of acute and 
chronic airway e@bstruction diagnosed at the Cen- 
ter. Patients with acute onset of stridor with signif- 
icant respiratory difficulty undergo an upper air- 
way evaluation within minutes of reaching the Cen- 
ter. All patients are evaluated in the sitting position 
in an attempt to prevent acute airway obstruction. 
The most commen diagnoses that have been made 
include epiglottitis, supraglottic and subglottic 
croup, membranous tracheitis, and foreign body 
aspiration. Patieats with epiglottitis are immediate- 
ly intubated whie awake by passing a nasotracheal 
tube over the brenchoscope which has been placed 
into the patient's trachea. The optimal time for ex- 
tubation is also determined by direct visualization 
of the supraglottic structures of the intubated pa- 
tient. Patients with croup and obstructive tracheitis 
can also be intubated in this manner, if the airway 
diameter permits. Foreign bodies are removed by 
conventional straight bronchoscopy under general 
anesthesia once the diagnosis is made. Patients with 
a history of airway obstruction with changes in 
body position are evaluated in the prone, supine, 
and upright positions. This is especially important 
in evaluating airway obstruction in children with 
large tonsils or facial anomalies. Sleep apnea studies 
are performed with little sleep disturbance as 
described in infants. 


TABLE 3. CHRONIC AIRWAY OBSTRUCTION IN 
CHILDREN 


Enlarged tonsils and adenoids 
Congenital subglottic stenosis 
Acquired subglottic stenosis 





Foreign body 
Facial anomalies 
Obstructive sleep apnea 


Vocal cord Tracheomalacia 
Trauma Tracheal compression, extrinsic 
Paralysis Iatrogenic 
Polyps 
Granuloma 
DISCUSSION 


Fiberoptic bronchoscopy in this center has be- 
come a routine procedure for the evaluation of air- 
way problems in the pediatric age group. Transnas- 
al fiberoptic study appears to be superior to conven- 
tional evaluation of the airway in that it does not 
significantly distort the anatomy or physiology of 
normal breathing. It is tolerated much better than 
laryngoscopy or straight bronchoscopy and does not 
necessitate the use of heavy sedation or the risks of 
general anesthesia. In addition, patients can be 
studied in various anatomical positions and long- 
term visualization and video recordings can be per- 
formed. Most importantly, in acute airway obstruc- 
tion, the procedure can be performed rapidly, 
usually in less than one minute. This provides the 
physician with a quick diagnosis, and in some cases, 
such as epiglottitis, the instrument can also be used 
as a therapeutic tool to intubate the patient. Our 
present experience demonstrates its efficacy in in- 
fants and children. They tolerate both upper air- 
way and lower airway examinations without signif- 
icant complication. Short-term complications in- 
clude mild epistaxis and transient hoarseness. Two 
complications secondary to Cetacaine topical anes- 
thesia have been recorded. Methemoglobinemia in 
a three-year-old child and laryngospasm in an adult 
occurred immediately after application of the 
spray. No major problems have been noted secon- 
dary to the actual fiberoptic procedure. 
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In pediatric infections 








Inacute 
otitis media 


Septra Suspension provides effec- 
tive antibacterial action against 
susceptible strains of H influenzae 
and S pneumoniae (D pneumoniae), 
the pathogens most likely to cause 
acute otitis media in children. 

Septra Suspension is useful in 
many patients, but especially in 
those with penicillin allergy or with 
infections caused by ampicillin- 
resistant H influenzae. Limited clini- 
cal data are presently available on 
the effectiveness of treatment of 
acute otitis media with Septra when 
the infection is due to H influenzae 
resistant to ampicillin. However, in 
vitro data is highly favorable; when 
over 200 strains of ampicillin-resis- 
tant H influenzae were tested, all 
proved susceptible to TMP/SMxX.* 

Septra Suspension is adminis- 
tered on a convenient b.i.d. dosage 
schedule. The cherry-flavored 
suspension is well accepted by 
children. 

To date, there are limited data 
on the safety of repeated use 
of Septra in children under two years 
of age. Septra is not indicated for 
prophylactic or prolonged adminis- 
tration in otitis media at any age. 
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In recurrent 
urinary tract 
infections 


Septra Suspension provides effec- 
tiv2 antibacterial action in urine and 
blood against susceptible strains of 
E soli, Klebsiella-Enterobacter and 
Pra‘eus. Whether the infection 
centers in the kidneys or bladder, 
Septra Suspension maintains effec- 
tiv2 levels at the site of the infection 
wizh just two doses a day. 

Adequate fluid intake should be 
maintained and frequent urinalyses 
wih careful microscopic examina- 
tion performed during Septra ther- 
apy. Septra is contraindicated in 
infants under two months of age. 


“In «tro data do not necessarily correlate with clinical 


results. Data on file, Burroughs Wellcome Co. 
NOTE Septra should not be used in the treatment of 
streptococcal pharyngitis. 


Pigase see prescribing information on next page. 


Septra Suspension B.I.D. 


Each teaspoonful (5 ml) centains: 40 mg trimethoprim and 
200 mg sulfamethoxazole 


Septra DS B.I.D. 


Each tablet contains: 160 mng trimethoprim and 800 mg sulfamethoxazole 


Septra® DS Tablets Double Strength 
Septra® Tablets 
Septra® Suspension 


INDICATIONS AND USAGE: 

URINARY TRACT INFECTIONS: For the treatment of urinary tract infections 
due to susceptible strains of the following organisms: Escherichia coli, 
Klebsiella-Enterobacter, Proteus mirabilis, Proteus vulgaris, Proteus mor- 
ganii. t is recommended that initial episodes of uncomplicated urinary 
tract infections be treated with a single effective antibacterial agent rather 
than the combination. 


NOTE: Currently, the increasing frequency of resistant organisms is a 
limitation of the usefulness of all antibacterial agents, especially in the 
treatment of these urinary'tract infections. 


ACUTE OTITIS MEDIA: For the treatment of acute otitis media in children 
due to susceptible strains cf Haemophilus influenzae or Streptococcus 
pneumoniae when in the judgment of the physician Septra offers some 
advantage over the use of other antimicrobial agents. Limited clinical 
information is presently available on the effectiveness of treatment of otitis 
media with Septra when the infection is due to Haemophilus influenzae 
resistant to ampicillin. To date, there are limited data on the safety of 
repeated use of Septra in children under two years of age. Septra is not 
indicated for prophylactic or prolonged administration in otitis media at 
any age. 

SHIGELLOSIS: Forthe treatment of enteritis caused by susceptible strains 
of Shigella flexneri and Shgella sonnei when antibacterial therapy is 
indicated. 


PNEUMOCYSTIS CARINI! PNEUMONITIS: For the treatment of docu- 
mented Pneumocystis carini pneumonitis. To date, this drug has been 
tested only in patients 9 months to 16 years of age who were immunosup- 
pressed by cancer therapy. 


CONTRAINDICATIONS: Hypersensitivity to trimethoprim or sulfonamides. 
Pregnancy and during the nursing period. Infants less than two months of 
age. 

WARNINGS: SEPTRA SHOULD NOT BE USED IN THE TREATMENT OF 
STREPTOCOCCAL PHARYNGITIS. 


Clinical studies have documented that patients with Group A £-hemolytic 
streptococcal tonsillophasyngitis have a greater incidence of bacteriologic 
failure when treated with Septra than do those patients treated with 
penicillin as evidenced by failure to eradicate this organism from the 
tonsillopharyngeal area. 


Deaths associated with acministration of sulfonamides have been reported 
from hypersensitivity reactions, agranulocytosis, aplastic anemia and other 
blood dyscrasias. Experieace with trimethoprim alone is much more limited, 
but occasional interference with hematopoiesis has been reported as well 
as an increased incidence of thrombopenia with purpura in elderly patients 
on certain diuretics, primarily thiazides. 


Sore throat, fever, pallor, purpura or jaundice may be early signs of ser ous 
blood disorders. Frequert CBCs are recommended; therapy should be 
discontinued if a significant reduction in the count of any formed blood 
element is noted. 


PRECAUTIONS: Use with caution in patients with impaired renal or hepatic 
function, possible folate ceficiency, severe allergy or bronchial asthma. In 
glucose-6-phosphate dehyd-ogenase-deficient individuals, hemolysis may 
occur (frequently dose-related). During therapy, maintain adequate fluid 
intake and perform frequent urinalyses with careful microscopic examina- 
tion and renal function tests, particularly where there is impaired renal 
function. 


Since Septra may prolong prothrombin time in patients on warfarin, 
coagulation time should be reassessed when Septra is given. 


ADVERSE REACTIONS: All najor reactions to sulfonamides and trimetho- 
prim are included, even if not reported with Septra. Blood Dyscrasias: 
Agranulocytosis, aplastic anemia, megaloblastic anemia, thrombopenia, 
leukopenia, hemolytic anem a, purpura, hypoprothrombinemia and methe- 
moglobinemia. Allergic Reactions: Erythema multiforme, Stevens-Johnson 





syndrome, generalized skin eruptions, epidermal necrolysis, urticaria, 
serum sickness, pruritus, exfoliative dermatitis, anaphylactoid reactions, 
periorbital edema, conjunctival and scleral injection, photosensitization, 
arthralgia and allergic myocarditis. Gastrointestinal Reactions: Glossitis, 
stomatitis, nausea, emesis, abdominal pains, hepatitis, diarrhea and pan- 
creatitis. C.N.S. Reactions: Headache, peripheral neuritis, mental depres- 
sion, convulsions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, 
fatigue, muscle weakness and nervousness. Miscellaneous Reactions: 
Drug fever, chills, and toxic nephrosis with oliguria and anuria. Periarteritis 
nodosa and L. E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics (aceta- 
zolamide and the thiazides) and oral hypoglycemic agents, sulfonamides 
have caused rare instances of goiter production, diuresis and hypogly- 
cemia; cross-sensitivity may exist with these agents. In rats, long-term 
administration of sulfonamides has produced thyroid malignancies. 


DOSAGE AND ADMINISTRATION: Not recommended for use in infants 
less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOSIS IN ADULTS AND 
CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infections is 
two tablets or four teaspoonfuls (20 ml) every 12 hours for 10 to 14 days. An 
identical daily dosage is used for 5 days in the treatment of shigellosis. 


Children: The recommended dose for children with urinary tract infections 
or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg sulfamethox- 
azole per 24 hours, given in two divided doses every 12 hours for 10 days. An 
identical daily dosage is used for 5 days in the treatment of shigellosis. The 
following table is a guideline for the attainment of this dosage using Septra 
Tablets or Suspension. 


Children: Two months of age or older: 


Dose —every 12 hours 


Tablets 
1( 5ml V2 
2 (10 5 1 


3 (15ml 1% 
2 (or 1 DS tablet) 


Teaspoonfuls 


4 (20 ml 


For patients with renal impairment: 


Creatinine Clearance Recommended 
(ml/min) Dosage Regimen 
Half of the usual 
15-30 dosage regimen 
Dea Nar Reema 


PNEUMOCYSTIS CARINII PNEUMONITIS: 

The recommended dosage for patients with documented Pneumocystis 
carinii pneumonitis is 20 mg/kg trimethoprim and 100 mg/kg sulfamethox- 
azole per 24 hours given in equally divided doses every 6 hours for 14 days. 
The following table is a guideline for the attainment of this dosage in 
children. 
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tablets containing 160 mg trimethoprim and 800 mg sulfameth- 
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Hemoptysis is uncommon in the pediatric age group. There is little meationed regarding this problem in either the pediatric or the 
otolaryngologic literature. A review of the past ten years’ experience at the Children’s Hospital of Philadelphia icentified 40 patients whose 
presenting symptoms included hemoptysis. Causes of the hemoptysis included tumor, infection, trauma, and foreign bodies, as well as a 
variety of other conditions. Based on these findings, a systematic approach +e the diagnostic evaluation of the pediatric patient with 
hemoptysis has been developed. A thorough endoscopic examination of the upper aerodigestive tract is essential in most cases, and can have 
both diagnostic and therapeutic value. Particular attention is directed toward airway management in patients with massive hemorrhage. 
Close cooperation among the bronchoesophagologist, pediatrician, and anesthesiologist is mandatory for optimal care of the child with 


hemoptysis. 


Hemoptysis is defined as the expectoration of 
blood or blood-tinged sputum. It is a startling 
symptom which often brings the patient to the 
physician and which may be anxiety-provoking to 
both. The source of blood may be anywhere in the 
respiratory tract from the nose to the lungs. 


Although the ancient Greeks noted many causes 
for hemoptysis as early as 2,000 years ago, for subse- 
quent centuries hemoptysis was regarded as path- 
ognomonic of tuberculosis.' With the development 
of modern diagnostic techniques, the numerous causes 
of this potentially life-threatening symptom have 
been established, and in the majority of cases, the 
physician is able to determine the etiology of the 
hemoptysis. 


While hemoptysis is a relatively common symp- 
tom in adults, it occurs rarely in the pediatric 
group. Although the list of possible etiologies is con- 
siderably smaller in children than adults, the diag- 
nosis of hemoptysis is more difficult in the pediatric 
age group. Children are poor historians, more dif- 
ficult to examine, and rarely expectorate sputum, 
even with extensive coaching. Therefore, the diag- 
nostic evaluation differs in adults and children, 


The physician must first determine if the patient 
is experiencing hemoptysis. Hematemesis, the vom- 
iting of blood, may be confused with hemoptysis, 
particularly in children. Once hemoptysis is estab- 
lished, the physician must attempt to establish the 
etiology. In many cases this will require an exten- 
sive diagnostic evaluation. The otolaryngologist is 
ideally suited for evaluating hemoptysis, since he 
can evaluate the respiratory and upper digestive 
tracts in the search for a site of hemorrhage. 


_The literature concerning hemoptysis in children 


has cealt with this symptom as it relates to specific 
diseases.**? To our knowledge, there have been no 
previous papers which address the problem of he- 
moptysis in children. A review of ten years’ exper- 
ience at the Children’s Hospital of Philadelphia 
identified 40 patients whose presenting symptoms 
included hemoptysis. Based on this review, a sys- 
tematic approach to the diagnosis and management 
of the pediatric patient with hemoptysis has been 
developed. Particular attention is directed toward 
airway management in patients with massive hem- 
optysis. In addition, three cases are presented 
whict. illustrate unique problems in children with 
hemotysis. 


METHODS 


A thsrough analysis was performed en the inpatient records of 
those patients who were admitted to the Children’s Hospital of 
Philadelphia from January 1970 through December 1979 whose 
presenting symptoms included hemoptysis. Children with post- 
adenetinsillectomy hemorrhage were specifically excluded. Forty 
patieats were identified and comprise the material for this study. 
All cf the charts were carefully reviewed for the following 
variables: age, sex, quantity of blood, associated symptoms, chest 
radiograph findings, bacteriology of sputum specimens, endo- 
scopie 2valuation, special diagnostic studies, and etiology of 
hemoptysis, 


RESULTS 
Age. The ages of the patients ranged from 6 
weeks to 20 years with a mean of 6.6 years (Fig. 1). 
Sex There was no sex predominance with 20 
females and 20 males. 


Quentity of Blood. In many of the records, the 
amowat of blood was not quantitated. In the great 
majority of patients, the amount of blood was 


From the Departments of Otorhinolaryngology and HumamCom munication, Children’s Hospital of Philadelphia. and the University of Pennsylvania, 


Philadelphia, Pennsylvania. 


Presented at the meeting of the American Broncho-Esophagological Association, Palm Beach, Florida, April 12-13, 1980. 
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Fig. 1. Bar graph depicting the age distribution of the 4) 
patients with hemoptysis. 


small. Only two patients experienced a blood loss in 
excess of 200 ml. 


Associated Symptoms. Hemoptysis was the sole 
presenting symptom in seven patients (18%). In the 
remaining 33 patients, hemoptysis was most often 
associated with the symptoms of a respiratory tract 
infection. Coughing was noted in 18 patients while 
121 presented with fever. 


Chest Radiograph Findings. Chest radiographs 
were performed on all patients. In 13 patients 
(32%) these films were normal. In 6 of these 13 pa- 
tients a pulmonary cause for hemoptysis was ulti- 
mately discovered. Atelectasis, parenchymal infil- 
trates, and interstial infiltrates were the most com- 
mon abnormal chest x-ray findings. A variety of 
other findings were noted, including air trapping, 
cardiomegaly, pulmonary nodules, pleural effu- 
sion, pneumothorax and foreign bodies. 


Bacteriology and Sputum Specimens. Sputum 
specimens were cbtained for culture and sensitivity 
in 17 patients (42%). No growth was demonstrated 
in the specimens from eight patients. There was a 
wide variety of organisms identified in the positive 
cultures, with the most common organism being 
streptococci. Acid fast bacilli were not identified in 
any specimen. 


Endoscopy. Bronchoscopy was performed on 34 
patients (85%). In nine patients, bronchoscopy re- 
vealed a normal tracheobronchial tree. The next 
most common finding was a foreign body which 
was noted in five patients. Other common findings 
included inflaramation of the tracheobronchial tree 
and purulent secretions. Bronchoscopy was not per- 
formed on six patients. Three of these patients were 
known to have preexisting pulmonary disease which 
was assumed to be the cause of the hemoptysis. In 
two patients, the amount of bleeding was not con- 
sidered significant enough to warrant the proce- 
dure. The parents of one patient refused to permit 
the surgery. Esophagoscopy was performed on 
three patients, and no bleeding sites were found. 
Nasopharyngoscopy was performed on two pa- 
tients, and a nasopharyngeal bleeding site was iden- 
tified in one of these children. 


TABLE 1. CAUSES OF HEMOPTYSIS 


Pneumonia 
Foreign body 
Tracheobronchitis 
Unknown 

Cystic fibrosis 
Trauma 
Neoplasm 

A-V malformation 
Cardiac disease 
Hemosiderosis 
Laryngitis 
Nasopharyngeal bleeding 
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Tuberculosis 
Total 
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Special Studies. Eight patients (20%) underwent 
additional diagnostic procedures which included 
upper gastrointestinal series, cardiac catheteriza- 
tion, and pulmonary angiography. In only one pa- 
tient, a child with congenital heart disease, did 
these studies establish a diagnosis. 


Etiology. There were a variety of causes for 
hemoptysis (Table 1). In this series, the most fre- 
quent causes were pneumonia, bronchitis, and for- 
eign bodies. No cause was found in seven patients. 


CASE HISTORIES 


The following case histories are presented to illustrate some of 
the unique features of hemoptysis in pediatric patients. 


Case 1. A three-year-old male was first admitted at 21 months 
of age for treatment of pneumonia. Chest x-ray revealed 
hyperlucency of the left lung with a mediastinal shift to the right. 
Bronchoscopy demonstrated narrowing of the left main bronchus. 
After resolution of the pneumonia, he was discharged but ex- 
perienced intermittent episodes of nonproductive coughing. Six- 
teen months later, he was admitted for evaluation of hemoptysis 
described as a “handful” of blood mixed with sputum. There was 
no recent history of fever, upper respiratory tract infection, or 
choking. 


Physical examination revealed a healthy male child. There was 
dullness to percussion and rhonchi were heard in the left lower 
lobe. Blood count, coagulation studies, and electrolytes were nor- 
mal. Intermediate strength PPD was negative. Chest x-ray 
demonstrated a left lower lobe interstial infiltrate. 


On the day of admission, bronchoscopy demonstrated purulent 
secretions originating from the left main bronchus, Cultures were 
taken. Irrigation of this area revealed inflammation of the left 
lower lobe orifice. A small sunflower seed was noted at this orifice 
and was removed. The patient’s postoperative course was unre- 
markable. 


COMMENT. In a child with hemoptysis and persis- 
tent or recurrent pneumonia, the possibility of for- 
eign body aspiration should be considered. 


Case 2. An 18-year-old female with cystic fibrosis was admitted 
for evaluation and treatment of hemoptysis of 225 to 300 ml of 
bright red blood. Three days prior to admission she had an upper 
respiratory tract infection with pharyngitis and coughing. She did 
have one previous admission for treatment of pneumonia. 


She presented as an adolescent female in no distress. There was 
an increase in the A-P diameter of her chest, but her physical ex- 
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amination was otherwise normal. Complete blood count, coagu- 
lation studies, and electrolytes were normal. Chest x-ray revealed 
increased hilar markings in the right lung and diffuse peribron- 
chial thickening. 


While in the hospital, she continued to cough blood-tinged 
sputum. Sputum was obtained for cultures, and intravenous car- 
benicillin and gentamycin were begun. Two strains of Pseudo- 
monas were identified from the cultures. She was treated with 
gentle chest percussion, postural drainage, mucolytic agents and 
intravenous antibiotics. No hemoptysis occurred after the second 
day of hospitalization. 


COMMENT. Bleeding in cystic fibrosis tends to oc- 
cur in adolescence, may be massive, and is often as- 
sociated with Pseudomonas bronchitis. Endoscopy 
is generally not performed unless the hemorrhage 
causes respiratory distress. 


Case 3. A four-year-old female was well until two days before 
admission when she coughed several milliliters of blood. Over the 
next 24-36 hours, she lost 60-70 ml of blood during six episodes of 
hemoptysis. She was transferred from another hospital to Chil- 
dren's Hospital for evaluation. 


She presented in moderate distress with hemoptysis consisting 
of bright red blood and blood-streaked sputum. No blood was 
noted in her nose or oral cavity. Her chest examination revealed 
diffuse rhonchi in the right lung. Her hematocrit was 35.1% and 
WEC was 12,200. Coagulation studies and chest x-ray were nor- 
mal. Shortly after admission, another episode of hemoptysis 
amounting to 250 ml took place. 


Because of persistent hemoptysis, it was decided to perform 
bronchoscopy. Blood was typed and cross-matched for possible 
transfusion, and a thoracic surgeon was notified that a child with 
significant hemoptysis was undergoing bronchoscopy. 


Bronchoscopy revealed inflammation of the right main bron- 
chus and bronchus intermedius. Blood was noted in the right mid- 
die lobe orifice. The bronchoscope was brought back to the 
carina. On reinspection of the orifices of the right lobes, bleeding 
was noted from all these orifices, with the most blood from the 
middle lobe. Attempts to tamponade the bleeding with the bron- 
choscope were unsuccessful. The bronchoscope became ob- 
structed with blood and was replaced with an endotracheal tube. 
The patient was suctioned through this tube, and bleeding ceased. 
An exploratory thoractomy was performed immediately. A dif- 
fuse vascular lesion involving the right lung was identified and a 
right pneumonectomy was performed. 


Histologic examination of the excised lung revealed an extensive 
arteriovenous malformation. Postoperative course was unevent- 


ful. 


COMMENT. In a young child with massive airway 
hemorrhage, neoplasm or arteriovenous malforma- 
tion should be considered. Cooperation between en- 
doscopist and anesthesiologist is mandatory for 
proper management of these patients. Emergency 
thoracotomy may be necessary for control of hem- 
orrhage. 


DISCUSSION 


In the pediatric age group, hemoptysis is an infre- 
quent but potentially life-threatening symptom. 
Fortunately, for the great majority of pediatric pa- 
tients, hemoptysis is not massive. This permits the 
physician to proceed with an orderly and systematic 
evaluation of this symptom. Practically any disease 
or trauma affecting the respiratory tract may cause 
hemoptysis. 


In a child the more common causes include: in- 
fections, foreign bodies, trauma, cystic fibrosis, 
neoo.asm, pulmonary hemosiderosis, cardiac dis- 
ease, and congenital pulmonary vascular abnormal- 


In this study, infections were the most frequent 
cause of hemoptysis with 16 patients (40%) having 
an mfection which was believed to be the cause of 
thew hemoptysis. There are several ways in which 
infections may produce hemoptysis. In acute tra- 
cheabronchitis, the mucosa of the respiratory tract 
is friable and bleeds easily. Pneumonia, especially 
the necrotizing variety, may cause destruction of 
the lung parenchyma and erosion of blood vessels 
resulting i in hemoptysis. Infections may also predis- 
pose the patient to bronchiectasis, a well-recog- 
nized cause of hemoptysis. Studying 137 cases of 
broachiectasis unrelated to cystic fibrosis, Glauser 
et <«] noted that hemoptysis occurred in 15% of 
the= patients.* Tuberculosis. which was once re- 
garded as a major cause of hemoptysis in children, 
was believed to be responsible for only one of our 
cases of hemoptysis.* The most likely os 
for he decline in importance of tuberculosis as 
cause for hemoptysis is the decreasing incidence of 
this disease. 





An aspirated foreign body is a well-known cause 
of hemoptysis especially in children (in whom 70% 
of fereign bodies of the aerodigestive tract occur).® 
Wita foreign bodies, hemoptysis may result from 
mechanical trauma, inflammatory reaction in the 
respiratory tract, or infection distal to the site of 
obstruction. An aspirated foreign body should be 
suspected as a reason for hemoptysis in most chil- 
drer with pronounced coughing or persistent 
wheezing even with a negative history and a normal 
ches: radiograph. 


Hemoptysis may occur secondary to trauma of 
the tace, neck, or chest. In these cases the etiology is 
reacily apparent. Trauma to the nasal cavity, naso- 
pha: ynx, or oral cavity may not be as obvious, and 
it is mportant to examine these areas carefully for a 
sourze of hemorrhage. 


“ith the improved life expectancy in patients 
with evstic fibrosis, there has been an increasing 
freqaency of bronchiectasis and hemoptysis secon- 
dary to this disease. Cystic fibrosis is now a major 
cause of hemoptysis in adolescents and young 
aduks, and often the bleeding is profuse.*’* Stern 
et al noted a5% incidence of massive hemoptvsis in 
72& children with cystic fibrosis.* In cystic fibrosis 
there is proliferation of blood vessels in the areas of 
brorz:hiectasis, and an increase in the size and tor- 
tousav of the bronchial arteries. Erosion of peri- 
brorzhial abscesses into these vessels is believed to 
be the eause of the massive hemoptysis. 





Neoplasms of the upper aercdigestive tract, while 
unecmmon in the pediatric age group, should be 
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considered in the differential diagnosis of hemop- 
tysis. Both primary and metastatic tumors may pre- 
sent with hemoptysis. Two of the patients in our 
series presented with hemoptysis from pulmonary 
metastases. 


Pulmonary hemosiderosis is an uncomon disease 
which occurs primarily in children and young 
adults and is associated with diffuse, recurrent or 
persistent intra-alveolar hemorrhage. This disease is 
characterized by hemoptysis usually consisting of 
pink frothy sputum, diffuse parenchymal infiltrates 
on chest x-ray, ard iron deficiency anemia. Pul- 
monary hemosiderosis may be classified into three 
categories: idiopathic pulmonary hemosiderosis; 
primary pulmonary hemosiderosis with cow’s milk 
hypersensitivity, glomerulonephritis, or myocar- 
ditis; and secondary pulmonary hemosiderosis 
associated with collagen vascular disease or hemor- 
thagic diseases.” 


Congenital heart disease is a well-recognized 
cause of hemoptvsis. Hemoptysis is most frequently 
found in conditions leading to pulmonary vascular 
hypertension in which the bleeding is believed to 
originate from dilated arterioles. Hemoptysis has 
also been noted in datients with increased bronchial 
circulation and with pulmonary venous conges- 
tion.’ These patierts usually have a mild or moder- 
ate degree of hemoptysis with occurrence at irreg- 
ular intervals. 


Hemoptysis may be a presenting symptom in pa- 
tients with congenital pulmonary venous abnormal- 
ities, especially arteriovenous fistulas.?:'° Since most 
of these fistulas are a manifestation of hereditary 
telangectasia, any patient with hemoptysis and cu- 
taneous telangectases should be suspected of having 
a pulmonary arteriovenous fistula. 


Management. In approaching the pediatric pa- 
tient with hemoptysis, a thorough history is man- 
datory. In children, certain points need emphasis. 
The physician must attempt to distinguish among 
hemoptysis, hematemesis, and spitting of blood. To 
a child or worried parent, these three may appear 
to be the same. One should seek a history of recent 
trauma or surgery of the upper aerodigestive tract. 
Questions should also be asked about the possibility 
of foreign body aspiration. Choking, wheezing, or 
“asthma” which has not responded to medical ther- 
apy are highly suggestive of an aspirated foreign 
body. Reviewing a series of patients with unsus- 
pected foreign bodies of the aerodigestive tract, 
Banks and Potsie reported that four patients with 
foreign bocies m their tracheobronchial trees ex- 
perienced hemootysis.'':? 


A complete physical examination is always per- 
formed with perticular attention to evaluation of 
the head, neck, and chest. Examination of the oral 
cavity and nose is usually performed without dif- 
ficulty in most children. The nasopharynx, phar- 


ynx, and larynx should also be inspected although 
this part of the examination may be limited by the 
child’s ability to cooperate. Auscultation of the 
chest may reveal wheezing, rales, and signs of con- 
solidation which will not only help to localize the 
disease but may suggest the pathology. 


Laboratory evaluation is often useful in evalu- 
ating patients with hemoptysis. Complete blood 
count, platelet count, and coagulation studies are 
performed in every case. 


The chest radiograph is often invaluable in arriv- 
ing at a diagnosis. It may demonstrate both the 
nature and site of the pathology. However, in 
several reported series, 25-50% of adults with 
hemoptysis have normal chest x-rays. 1% Our ex- 
perience correlates well with these results, with 
32% of children with hemoptysis having normal 
chest x-rays. If a patient with a normal chest x-ray 
has significant or persistent hemoptysis, further 
evaluation is still necessary. 


Since children may be unable to expectorate spu- 
tum, specimens for stains and culture are not al- 
ways obtained. If the physician suspects that a res- 
piratory tract infection is the cause for hemoptysis, 
it is recommended that sputum specimens be ob- 
tained for bacterial studies. If a child is unable to 
produce sputum, specimens may be obtained by na- 
sotracheal suctioning or bronchoscopy. 


If the diagnosis has not been discovered with the 
above maneuvers, endoscopy is recommended. In 
most patients, bronchoscopy will be indicated, and 
in some cases, nasopharyngoscopy, laryngoscopy, 
and esophagoscopy will be necessary. In one case in 
our series, nasopharyngoscopy located the site of 
hemoptysis. 


In adults, the flexible fiberoptic bronchoscope is 
usually used because it permits a detailed examina- 
tion of the distal bronchial tree.” "° Although a 
pediatric flexible fiberoptic bronchoscope is now 
available,*° the open ventilating bronchoscope 
should be used in children since most flexible bron- 
choscopes are too large to allow simultaneous ven- 
tilation and inspection of the pediatric airway. 
Flexible scopes are also impractical for removal of 
most foreign bodies. In addition, in patients with 
substantial hemoptysis, visualization in the flexible 
instrument may be obstructed by relatively small 
amounts of blood. This is less likely to occur with an 
open bronchoscope, which is ideally suited for suc- 
tioning and clearing the airway. Its relatively large 
lumen provides an excellent route for ventilation. 
Fiberoptic telescopic attachments are available 
which permit superb visualization of the tracheo- 
bronchial tree through the open bronchoscope. 


In both adults and children with hemoptysis, the 
timing of bronchoscopy remains controversial. It 
must be emphasized that bronchoscopy is not rec- 
ommended for all patients with hemoptysis. Pa- 
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tients in whom the diagnosis has already been made 
or who have one episode of blood-tinged sputum do 
not always require bronchoscopy. We do recom- 
mend bronchoscopy in children with hemoptysis 
where no cause is immediately apparent, and bleed- 
ing is recurrent or substantial. In these cases bron- 
choscopy can be both diagnostic and therapeutic. 


Experience in adults supports the idea that bron- 
choscopy should be done during active bleeding. 
Pursel and Lindskog' and Smiddy and Elliott’ 
believe that one is more likely to identify the 
bleeding site if bronchoscopy is performed during 
active bleeding. Our data support bronchoscopy for 
active bleeding only if the bleeding is persistent or 
profuse. If the diagnosis is not made by endoscopy, 
additional studies, including bronchography, upper 
gastrointestinal series, pulmonary angiography, 
and cardiac catheterization may be needed. 


Despite a thorough evaluation, the cause of 
hemoptysis may not be discovered. In our study 
18% of the patients fell into this category, and this 
is comparable to the results of studies in adults. 116:2! 
The prognosis for this group is excellent.” It is sug- 
gested that all of these patients be followed for a 
year, and if hemoptysis recurs, the evaluation 
should be repeated. '*-? 


Most acute episodes of hemoptysis last less than 
24 hours and gradually subside. Patients with mild 
or moderate hemoptysis should have a history, 
physical examination and laboratory studies. These 
may be done as outpatient procedures depending 
upon the frequency and severity of the bleeding and 
associated symptoms. 


Occasionally, a child is bleeding profusely when 
first examined. The immediate objectives are to 
protect the airway, stop the hemorrhage and to pre- 
vent shock. Since these patients are at risk for 
developing life-threatening hemorrhage, equip- 
ment for suctioning, intubation and tracheostomy 
should be near the patient’s bedside. An 
anesthesiologist, pediatrician, and thoracic surgeon 
should be available to participate in the care of the 
patient should an emergency arise. Fortunately, in 
most of the patients, hemoptysis will usually stop 
spontaneously. 


Massive hemoptysis is an uncommon life-threat- 
ening condition and is best defined as respiratory 
tract bleeding which causes respiratory distress. 
Rather than exsanguination, the patient’s greatest 
danger is asphyxiation from the aspirated blood. In 
adults, tuberculosis is recognized as the most fre- 
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quer t cause of massive hemoptysis??? while in the 
pediatric age group cystic fibrosis is probably the 
most eommon cause.*:’* 


The role of the bronchoesophagologist is to pro- 
tect the airway, locate and stop the hemorrhage. 
The open ventilating bronchoscope with a telescop- 
ic lems system is the instrument we prefer. It may be 
used to protect the airway and to tamponade the 
bleeding site. If bleeding is so profuse that the 
bleeding site cannot be identified, the bronchoscope 
is left in place to clear blood and maintain the air- 
way If the bronchoscope becomes occluded, we 
recommend that it be replaced by a large endotra- 
cheal tube to facilitate endotracheal suctioning. 


The treatments for massive hemoptysis include 
endcseopic tamponade, angiographic embolization, 
or surgical resection.”?-?* Thus, it is mandatory that 
a thc racic surgeon participate in the care of any pa- 
tient with significant hemoptvsis. 


CONCLUSION 


Hemoptysis is an uncommon symptom in the pe- 
diatrie age group. A review of 40 children with he- 
mopcysis indicates that in most cases the amount of 
bleeding is small. The most frequent cause of he- 
mopcysis in this series was respiratory tract infec- 
tion. 


All children with hemoptysis must be thoroughly 
evalaated. The initial diagnostic evaluation consists 
of a 2omplete history, physical examination and chest 
raciegraph. If there is evidence of a respiratory 
tract infection, sputum specimens for stains and 
cultures should be obtained. If no diagnosis has 
beer: established or hemoptysis continues, endos- 
copy, most often bronchoscopy, is indicated. Other 
diagnestic procedures may be necessary if no etiolo- 
gy isidentified. Despite complete evaluations, 18 % 
of ite patients in our study had no demonstrable 
cause for hemoptysis. 


In the initial operative management of massive 
hemoptysis, the open ventilating bronchoscope with 
fiberoptic telescopic lens system is preferred. With 
its proper use, the bronchoesophagologist is capable 
of p-otecting the airway, localizing the bleeding 
site, and controlling the hemorrhage. Definitive 
cont-ol of bleeding in some of these patients may re- 
quire thoracotomy. Close cooperation between the 
enc.cseopist, thoracic surgeon, and anesthesiologist, 
is mandatory if these children are to be managed 
successfully. 
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Four patients with bronchial carcinoid and two patients with mucoepiderracid carcinoma of the bronchus are presented. Presenting 
symptoms of these rare childhood tumors are chronic cough, hemoptysis, repeated bouts of pulmonary infection, and chest pain. Bron- 
choscopic examination should be considered in patients with these symptoms end is highly reliable in diagnosing these tumors. Surgical 
resection is the treatment of choice. Bronchial carcinoid and mucoepidermeic carcinoma have an excellent prognosis following conser- 


vative surgical resection. 


INTRODUCTION 


Carcinoid and mucoepidermoid carcinoma of the 
bronchus are rarely found in children. Chronic 
cough, repeated respiratory infections, and hemop- 
tysis are the most common presenting features. 
These slowly growing malignancies were previously 
described as bronchial adenomas. This is a mis- 
nomer because their true malignant nature is now 
well recognized. We report our series of six 
pediatric patients with carcinoid and mucoepider- 
moid carcinoma of the bronchus. 


was 19) years with the range of 6 to 15 years. There 
was n sexual predominance. A history of repeated 
pulmenary infections was obtained in each case and 
all had a history of cough which had been present 
from 2 to 20 months prior to diagnosis. Three of six 
patierts had had hemoptysis. Fever had occurred in 
all petients. Physical examination revealed local- 
ized wheezing in two patients. The average dura- 
tion o- symptoms prior to diagnosis was 11 months. 
No patient had symptoms or laboratory findings 
sugge:tive of carcinoid syndrome. Chest x-rays re- 
vealec. persistent or recurrent lobar infiltrates in all 


six pacients. No patient underwent bronchography. 
METHODS = į aie 
Bronchoscopy was performed in each case and in 


five o: the six patients, a polypoid tumor mass could 
be seen partially or totally obstructing a bronchus. 
In one patient only bronchial narrowing with mu- 
coid secretions in the affected area were seen. Four 
of the lesions were on the right side and two were on 
the lett, 


Medical records of all pediatric patients seen at Mayo Clinic 
between 1941 and 1976 were screened and the charts of all 
pediatric patients with bronchogenic tumors were reviewed. 
Histologic sections were available on all cases and were reviewed 
by one of us (KKU). Patients beyond the age of 15 years were ex- 
cluded from this series. 


CLINICAL FINDINGS 


Six pediatric patients with histologically proven 
malignant bronchial tumors were seen at Mayo 


Clinic from 1941 to 1976 (Table 1). The median age 


PATHOLOGY 


Microscopic Appearance, Of the six tumors four 


TABLE 1. PEDIATRIC PATIENTS WITH PROVEN MALIGJANT BRONCHIAL TUMORS (1941-1976 








Patient Age Tumor Tumor Localized 
No. T Sex Type Location Cough Hemoptysis Wheeze 
l 6 F ME Left lower + = & 
lobe 
2 10 F ME Right main & + i + 
upper Igbe 
3 10 M C Right lower lobe + ~ + 
4 ll F C Bronchus nter- + + = 
medius 
5 14 M C Right upper + + ” 
lobe 
6 15 M C Left lower lobe + + as 


ME - Mucoepidermoid; C - Carcinoid; + - Present; - - Absent 


wama ne aanne agaman 


From the Department of Internal Medicine, Mayo Graduate School of Medicine, Fochester, Minnesota, 
Presented at the meeting of the American Broncho-Esophagological Association, Pam Beach, Florida, April 12-13, 1989. 
REPRINTS — J. C. McDougall, MD, % Section of Publications, Mayo Clinic, 200 Fist Street SW, Rochester, MN 55901. 
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Fig. 1. Carcinsid tumor of bronchus. Small round cells 
with irregular nuclei are arranged in clusters. There is 
bone formation ia the tumor. (H & E, x160) 


were carcinoid and two were low-grade mucoepi- 
dural carcinoma. The four carcinoid tumors were 
histologically typical (Fig. 1). All the tumors were 
invasive penetrating through the bronchial car- 
tilage but mone invaded pulmonary parenchyma. 
The cells were small with round to oval nuclei and 
were arranged in a microglandular or trabecular 
pattern. The nuclei lacked pleomorphism. Areas of 
necrosis and mztotic activity were not seen. One 
tumor showed foci of squamous metaplasia and 
another, foeal osteoid production. 


The other two tumors were distinctly different. 
They were well circumscribed and lacked invasive 
growth pattern. Tne cells were polygonal, arranged 
in sheets with few glandular spaces. Some of the 
cells contained clear cytoplasm and some of the 
glandular lumina contained mucus. Although clear- 
cut squamous differentiation was not seen, some of 
the cells were elcngated suggestive of the transi- 
tional cells seen in mucoepidermoid tumors of sal- 
ivary glands. These two tumors were classified as 
low-grade (grade 1) mucoepidermoid carcinoma 


(Fig. 2). 
TREATMENT 


All six patients had resection of the tumor. Four 
patients had lobectomy, one patient had resection 
of two lobes, and one patient had a pneumonec- 


Fig. 2. Mucoepidermoid carcinoma of bronchus. Poly- 
gonal cells with slightly granular cytoplasm are arranged 
in clusters which contain pools of mucus. (H & E, x160) 


tomy. There was no evidence of nodal metastasis in 
any case as judged by chest x-ray and surgical ex- 
ploration. The patient who had two lobes resected 
had an accumulation of pleural fluid postoperative- 
ly which prolonged the recovery. No patient re- 
ceived radiotherapy or chemotherapy and none re- 
quired a second surgical procedure for recurrent 
disease. All patients are alive and well with no 
evidence of recurrence of their tumor at 2, 13, 14, 
18, 20, and 24 years following treatment. 


COMMENT 


In 1882, Mueller’ reported a case of bronchial 
adenoma, the term by which carcinoid, mucoepi- 
dermoid and adenoid cystic carcinoma of the bron- 
chus were originally known. Further cases were 
described by Jackson and Konzelmann.? Hamper?!’ 
in 1937 classified adenomas of the bronchus as be- 
ing of the carcinoid or the cylindroid type. Liebow* 
in 1952 described a third type, a mucoepidermoid 
tumor occurring in the bronchus and histologically 
similar to that found in the salivary glands. The 
term bronchial adenoma implies that they are 
benign tumors and is no longer acceptable in refer- 
ring to this group of tumors. Their malignant 
potential is well recognized and reports of 
metastasis to mediastinal lymph nodes and ex- 
trathoracic structures are found in the literature.*° 
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A careful search of the literature reveals reports 
of 66 pediatric patients with low-grade malignant 
bronchogenic tumors.?5-?? Twenty of these cases 
can only be identified as bronchial adenomas with- 
out further characterization. Thirty-five carcinoid 
tumors, six mucoepidermoid carcinomas, and five 
adenoid cystic carcinomas of the bronchus have 
previously been reported in children. 


Bronchogenic neoplasm must be conisdered in a 
child who presents with persistent cough, hemopty- 
sis, chest pain, repeated bouts of pulmonary infec- 
tion and atelectasis. Aspirated foreign bady, cystic 
fibrosis, bronchiectasis, tuberculosis, and intra- 
bronchial hamartomas more commonly cause these 
findings. The presenting symptoms of bronchogenic 
neoplasm depend upon the location in the bronchial 
tree, rate of growth, vascularity, and the malignant 
potential. Hemoptysis, repeated pulmonary infec- 
tion in the same lobe or segment of the lung, persis- 
tent chest pain, or localized wheezing are indica- 
tions for bronchoscopy. In nearly every case, bron- 


chogenic tumors can be identified at the time of 
bromchoscopy. Caution should be used in biopsying 
thes tumors and the bronchoscopist should be 
prepared to manage bleeding following biopsy. 
Car-inoid tumors are highly vascular and mortality 
due to hemorrhage following biopsy of this tumor 
has been reported. 


B-cnchoscopic removal is not recommended as 
treament of bronchogenic neoplasms. Local recur- 
rences and stricture formation are sequela of this 
met ied of management. The treatment of choice is 
surgical resection. Lobectomy is recommended for 
lesicns located in the lobar bronchus or more 
perinherally. Bilobectomy or sleeve resection is 
recammended for a neoplasm in the intermediate 
brorcnus. Pneumonectomy may be necessary for le- 
sions in the main stem bronchus but every attempt 
for conservative resection should be made in view of 
the ow degree of malignancy of these tumors and 
the rare occurrence of spread to regional lymph 
nodes. 
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EPIDERMOLYSIS BULLOSA DYSTROPHICA OF THE 
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ACUTE AIRWAY OBSTRUCTION 
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Epidermolysis bullasa dystrophica (EBD) is a rare inherited skin disease generally presenting in newborns. It is characterized by 
noninflammatory bullous lesions which can involve the mucous membranes of the oral cavity and oropharynx. If death occurs, it is usually 
the result of septicemia or fluid and electrolyte imbalance. Although mucous membrane involvement may be extensive and despite the 
reported evidence of tracheal and indirect evidence of laryngeal involvement, airway obstruction has not been implicated as a possible con- 
tributor to mortality in these patients. Since the presence of EBD in the larynx of a newborn might be expected to produce upper airway 
obstruction, however, and because of the absence of reports of laryngeal EBD, a case is presented of EBD-induced airway obstruction ac- 
companied by photographic evidence of laryngeal and tracheal involvement with EBD. A three-week-old boy with biopsy-proven EBD 
present at birth was admitted to UCLA Medical Center with increasing stridor. The patient’s extremities, diaper area, and numerous 
pressure-bearing sites en the back and elbows demonstrated erythematous denuded skin with occasional bullae up to 2 cm in size. The 
mucous membranes of the mouth and oropharynx showed similar denuded lesions. A tracheotomy was performed followed by a direct 
microlaryngoscepy anc bronchoscopy revealing EBD on the supraglottic structures, vocal cords, and trachea. Otolaryngologists who are 
involved in the eare of newborns should be aware of the possible, nearly fatal laryngeal involvement that can accompany this disease. 


Epidermolysis bullosa dystrophica is a rare 
hereditary skin disease of infancy that can involve 
the mucous membranes of the oral cavity’ and the 
esophagus.” A separation of the epidermis from the 
underlying dermis leads to the formation of bullae, 
and the erosions that occur due to the rupture of the 
bullae may lead te scarring on the skin and mucous 
membranes. Esophageal involvement resulting in 
stenosis brings the otolaryngologist into the man- 
agement of the larvnx in patients with epidermo- 
lysis bullosa.? The reports of laryngeal involvement 
have been few. Ramadass and Thangavelu noted 
the presence of laryngeal stenosis in a child with the 
disease.* Cehen reported progressive laryngeal 
obstruction in a six-month-old infant with epider- 
molysis bullosa necessitating a tracheotomy. These 
two reports indieated that chronic disease could 
produce airway obstruction. It is because there 
have been no reports of the laryngeal complications 
of acute disease that this case is presented. 


CASE REPORT 


A three-week-old infant was admitted to the 
UCLA Medical Center with ulcerations involving 
the skin of the buttocks, inguinal areas, hands, 
elbows, and feet. The lesions were noted at birth. A 
skin biopsy examined by routine histology and by 
electron mieroscopy showed the characteristic fea- 
tures of epidermclysis bullosa.* The child is the sec- 
ond of parents who are first cousins. On admission 
he showed no signs of dehydration or feeding prob- 


lems. His ery was normal, and no retractions or any 
other signs of respiratory distress were present. 
Although no bullae were seen, there were erythe- 
matous, moist, denuded areas which involved the 
skin of the diaper area, feet, elbows and hands af- 
fecting 30% of his total body surface. Patchy 
ulcerations but no bullae were noted on the mucous 
membranes of the oral cavity. Although cultures of 
the skin ulcerations revealed Staphylococcus 
aureus, Proteus vulgaris, Escherichia coli, and Cor- 
ynebacterium species, therapy at various times with 
gentamicin, ampicillin, oxacillin, and dicloxacillin 
was successful in preventing bacteremia. The day 
after admission, inspiratory stridor and retractions 
began to develop. Because of increasing respiratory 
distress on the following day, a tracheotomy was 
performed, A direct microlaryngoscopy done at the 
time revealed a glottis narrowed by epithelial debris 
with areas of denuded epithelium and an interary- 
tenoid vesicle (Fig. 1). Inspection of the tracheo- 
bronchial tree using 3.0 mm Hopkins telescopic 
bronchoscope demonstrated ruptured vesicles and 
ulcerations of the tracheal wall, and a single unrup- 
tured vesicle on the posterior tracheal wall was 
noted (Fig. 2). Reinspection of the larynx after 
removal of the bronchoscope from the larynx dem- 
onstrated the friability of the laryngeal mucosa. 
When the larynx was reexamined eight days after 
the initial inspection, however, it was found to be 
covered with normal mucosa. The tracheotomy 
tube was removed at that time, and the area of 
surgical incision healed quickly. Although the skin 
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Fig. 1. Epidermolysis bullosa dystrophica of the larynx. 
Interarytenoid vesicle (arrow) whose presence was noted 
after suction removal of epithelial debris. 


lesions had not disappeared at the time of his dis- 
charge, no further laryngeal problem was noted 
during the remainder of his 18-day hospitalization. 


DISCUSSION 


Although the involvement of the larynx during 
the acute stage of this infant’s disease should not be 
unexpected in a pathologial process which can be as 
diffuse and widespread as epidermolysis bullosa 
dystrophica, the sudden onset of respiratory distress 
is previously unreported. The changes in the larynx 
which precipitated this infant’s respiratory distress 
were morphologically similar to those on the skin or 
other mucous membranes, but a rapid disappear- 
ance of these laryngeal lesions was observed while 
the skin lesions were considerably slower to resolve. 
Despite the normal appearance of the laryngeal 
mucosa at the time of discharge, there always re- 
mains the possibility of long-term laryngeal stenosis 
even though the acute disease resolved. 


Three clinically distinct forms of this disease have 
been described: 1) simplex, 2) hereditaria letalis, 
and 3) dystrophica.” Epidermolysis bullosa simplex 
is autosomal dominant, and the mildest form of the 
disease. The bullae develop at sites of trauma to skin 





Fig. 2. Epidermolysis bullosa dystrophica of the trachea. 
A single unruptured vesicle (arrow) on the posterior 
trae heal wall. 


and resolve in a short period of time leaving only a 
transent hyperpigmentation. Mucosal involvement 
is rar2. Epidermolysis bullosa hereditaria letalis is 
characterized by the large bullae on sites of trauma, 
and t is autosomal recessive. The bullae occur 
shortly after birth and rupture easily, leaving large 
denuded areas. Death usually occurs within days to 
montis from sepsis or electrolyte imbalance. In 
those few patients who survive, residual scarring is 
rarely seen. Epidermolysis bullosa dystrophica may 
be eitner inherited or acquired. The clinical presen- 
tatior is similar to the two previous forms. The for- 
maticn of bullae at birth usually occurs on areas of 
traun a. The infant may die within a few days, but 
survivors suffer mutilating deformities with web- 
bing >f the digits, contractures, and occasionally 
esophageal stenosis. 


The case presented in this report had laryngeal 
and t-acheal involvement during infancy which re- 
quired a tracheotomy. After an 18-day hospitaliza- 
tion, a complete clinical resolution of the laryngeal 
and trecheal disease was noted. Though rare, this 
potentially fatal disease should be recognized early 
and -reated promptly to avoid complications or 


death 
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JUDITH A. WOLFE, MD LEE D. ROWE, MD 


PHILADELPHIA, PENNSYLVANIA SAN FRANCISCO, CALIFORNIA 


Life-threatening up er respiratory obstruction is an unusual complication of infectious mononucleosis. Although the majority of 
fatalities result from progressive bulbar paralysis or the Guillain-Barré syndrome, airway impairment primarily occurs as a result of 
pharyngeal lymphoic hyperplasia and associated faucial arch edema. Recent experience in a young child with infectious mononucleosis 
who exhibited progressive hypersomnolence, sleep apnea, and stridor during sleep is presented. In addition, a retrospective analysis of 72 
cases of respiratory com>lications of infectious mononucleosis provides guidelines for specific airway management. Mild upper respiratory 
obstruction with persistent fever, severe odynophagia, and malaise is treated with parenteral corticosteroids. Immediate tonsillectomy us- 
ing a halothane and exygen induction technique is recommended for severe airway occlusion. Tracheotomy is currently reserved for those 
patients with progressive alveolar hypoventilation, hypercarbia, atelectasis, and bulbar paralysis. In general, tonsillectomy is well- 
tolerated, eliminating airway obstruction, improving swallowing function, and rapidly resolving pharyngeal discomfort. 


INTRODUCTION apnea. There was no history of known allergies and diphtheria- 
pertussis-tetanus immunizations were complete. 

Upper airway obstruction in children and young Physical examination disclosed a lethargic, thin, black female 
adults is an unusual but potentially fatal complica- with denasal voice, sonorous oral respirations, and a temperature 
tion of infectious mononucleosis. More commonly, of 38.33 C (101 F). While falling asleep in her mother’s arms, she 
this Bicones te a Deni gn, self-limited disorder of the developed coarse inspiratory stridor, substernal retractions, and 

pire chee episodes of obstructive apnea lasting 10-20 seconds. In addition to 
lymphopoietic system manifested by fever, pharyn- an exudative erythematous pharyngotonsillitis, massive sym- 
gitis, generalized lymphadenopathy, and spleno- metrical tonsillar hypertrophy was observed with nearly complete 
megaly.' Because the development of acute, life- oropharyngeal occlusion. Bilateral, tender anterior and posterior 


cervical lymphadenopathy was present; however, generalized 


threatening respiratory difficulty is uncommon, its lymphadenopathy and hepatosplenomegaly were not detected. 


successful treatment remains uncertain, as evi- 
denced by the recent death of a 15-year-old male 
with serologically proven pharyngeal (anginose) 


Because of severe upper airway obstruction, an emergency 
adenotonsillectomy was performed with immediate relief of stri- 
dor, rapid resolution of fever within 24 hours, and improvement 


mononucleosis.” in swallowing. Subsequent laboratory data revealed an absolute 
, , lymphocytosis, many atypical lymphocytes, and a positive Mono- 
Our experienee with severe upper airway ob- spot® test. The child was discharged on the third hospital day on 
struction in a yəung child secondary to infectious oral penicillin without fever, stridor, oropharyngeal hemorrhage 
mononucleosis prcmpted an investigation into its = eo . panied i oi les a ha ae se ea 
proper management. A retrospective analysis of OPA AR NORO NEIIDEY 03 DOY EOTPOOTIIR OR a 
s ae i s cytes, lymphocytes, and plasma cells which in some necrotic areas 
reported airway complications of infectious mono- mainlaanndl to orir micron hanea 
nucleosis during the preceding 90 years is presented, 
reviewing curremt methods of airway control with LITERATURE REVIEW 


attention to the role of corticosteroids, tonsillec- 


tomy, and tracheotomy. Including the most recent case reported in 1978, 


there have been a total of 33 documented fatalities 
related to respiratory complications of infectious 
CASE REPORT mononucleosis.” '5 The majority (28) are attributed 


, l to bulbar paralysis or Guillain-Barré syndrome 
A seven-year-old blazk female was admitted to San Francisco th raha aooo k tilati 
General Hospital with a four-day history of odynophagia, dys- wa associated alveolar Nypoventuation, poor 


$ . . . . . . 3- 4 
phagia, fever, and progressive upper airway obstruction charac- tussive ability, aspiration, and pneumonia.” ' 


terized by hypersomnolence, sleep apnea, and stridor during 


sleep. Two days priar to admission a diagnosis of exudative phar- Four fatalities are recorded as a result of upper 


yngotonsillitis was made and she received phenoxymethy!l peni- airway obstruction from massive edema of Wal- 
cillin (250 mg orally, four times per day). A pharyngeal culture deyer’s ring and the surrounding pharynx. ™71%1s 
for group A beta-hemolytic streptococci was negative. Only one fatal case of pharyngeal hemorrhage 

However, because of bizarre behavior including eight to ten following severe mucosal ulceration was found in 
episodes of disorientation and auditory hallucinations, the mother an extensive review of the world’s literature.’ In 
returned the child to the hospital. In addition, she had fallen 70% of natient let t f d 
asleep at inappropriate times, exhibiting episodes of obstructive iiai pa rae S eee Bay Was por KINN i 
apnea. The past medical history was negative for the pickwickian Autopsy findings common to those patients with 
syndrome, adenoida! o7 tonsillar hyperplasia, or obstructive sleep respiratory obstruction included marked mem- 
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branous tonsillitis, pharyngotonsillar and faucial 
arch edema, and focal and diffuse mononuclear in- 
filtration of the mucosa and submucosa.? 713-15 


Following World War II, until the early 1960s, 
the vast majority of patients with pharyngeal ob- 
struction secondary to infectious mononucleosis 
were treated with tracheotomy.'5-?8 Although the 
age range was from 11 months to 22 years, the 
clinical pattern is strikingly similar: a membranous 
exudate, variable amounts of faucial arch edema, 
and prominent posterior cervical lymphaden- 
opathy. Signs varied from dysphagia, muffled 
voice, drooling, and dyspnea to inspiratory stridor 
exacerbated by the recumbent position. The mean 
length of illness prior to tracheotomy was six days, 
requiring an average of eight days before successful 
decannulation. 


Although tonsillectomy for severe upper airway 
obstruction complicating infectious mononucleosis 
was reported as early as 1956,? only two case 
reports have appeared in the English literature in 
the intervening years.” Indeed, marked clinical 
improvement was observed in all cases including 
rapid resolution of fever, improved swallowing, 
and relief of upper airway obstruction. 


DISCUSSION 


Following Filatof’s and Pfeiffer’s clinical descrip- 
tions of glandular fever or Drüsenfieber in 1885 and 
1889, respectively, little additional information re- 
garding the pathogenesis of this disease was pro- 
vided until 1920.%*5 In that year Sprunt and Evans 
reported the presence of an absolute lymphocytosis 
and atypical mononuclear cells in the blood of pa- 
tients with this illness, which the authors referred to 
an infectious mononucleosis.' Twelve years later, 
Paul and Bunnell discovered in the serum the char- 
acteristic heterophile antibody which is capable of 
agglutinating sheep erythrocytes.” Most recently, 
in 1968, Henle and coworkers established the im- 
portant relationships between infectious mononu- 
cleosis and Epstein-Barr virus, a herpes group 
virus.” Although Koch’s postulates have not been 
fulfilled, the ability of infectious mononucleosis 
cells to undergo lymphoblastoid transformation, 
the appearance of at least 10% atypical cells, and 
the development of persistent antibody to Epstein- 
Barr virus raises the possibility of an associative 
relationship with the virus.***° 


The incubation period ranges from a few days to 
several weeks, and the disease is heralded by mal- 
aise, chills, headache, and intermittent fever 
(38.33-39.44 C {101-103 F}).' Currently, infectious 
mononucleosis is confirmed by the presence of a 
positive Monospot test, rising heterophile agglutina- 
tion titers, and absolute lymphocytosis with aty- 
pical lymphocytes: large cells exhibiting oval, 
horseshoe-shaped or indented nuclei and a baso- 
philic, vacuolated foamy cytoplasm.*° Characteris- 


tically, the diagnosis is made by the fourth to fifth 
day of the disease, which commonly persists for two 


to eight weeks. 


Complications of infectious mononucleosis pri- 
marly include hepatic dysfunction with elevated 
liver function tests and neurologic disorders in- 
cluding peripheral neuritis, cranial neuropathy, 
memingoencephalitis, and the Guillain-Barré syn- 
drome.*' Thrombocytopenic purpura, pericarditis 
and splenic rupture are uncommon. Even more un- 
usuel are respiratory complications which now total 
73 reported cases. 


Although the Guillain-Barré syndrome accounts 
for ~he majority of fatalities, massiwe Waldeyer’s 
ring lymphoid hyperplasia and faucial arch edema 
are primarily responsible for upper airway obstruc- 
tion 7°** In addition, edema of the epiglottis, 
aryeviglottic folds and arytenoids, massive enlarge- 
men: of mediastinal lymph nodes, and formation of 
a pseudomembrane similar to diphtheria, are impli- 


cated in the pathogenesis of airway obstruc- 
tion 7'°-42-43 


Tae appearance of a pseudomembrane in the 
presence of progressive upper respiratory tract 
obstruction mimics diphtheria, and many patients 
who were previously unsuccessfully treated with 
antidiphtheria serum probably had infectious 
mononucleosis.”’ 


The absence of an absolute lymphocytosis, gener- 
alized lymphadenopathy or hepatosplenomegaly, 
and ‘indings of a panleukocytosis and Klebs-Lé6ffler 
bacilli confirm the diagnosis of diphtheria.** 
Although the diphtheritic pseudomembrane is 
simikar to that observed in infectious mononucle- 
osis, it persists for a shorter period of time and 
separates readily from the pharynx with associated 
hemorrhage when the fever falls.“ 


Eerly management of infectious mononucleosis is 
primarily symptomatic, employing saline gargles, 
salicvlates, and bed rest. Quarantine is totally un- 
nece:sary. If severe pharyngotonsillitis complicated 
by beta-hemolytic streptococci supervenes, antibi- 
otics are warranted. Penicillin is the recommended 
drug while ampicillin is contraindicated because of 
a frequent associated severe papular rash similar to 
the Jarisch-Herxheimer reaction.*® 


W th progressive systemic toxicity manifested by 
persistent fever, severe odynophagia, and mild up- 
per respiratory obstruction, parenteral steroids are 
recommended. This degree of airway ebstruction is 
charecterized by intermittent nasal alar flaring, 
supresternal retractions, and inspiratory stridor in- 
duced by the supine position. A dramatic reduction 
in o¢ynophagia, Waldeyer’s ring and faucial arch 
edema, cervical adenopathy, and respiratory dis- 
tress is observed within 6-24 hours.**-*? Also the dur- 
ation of malaise, asthenia, and fever is-significantly 
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shortened, in addition to a measurable decrease in 
the leukocyte court.*7°° 


The rapid defervescence of lymphoid hyper- 
trophy, faucial arch edema, and subsequent airway 
improvement is attributed to steroid-induced lysis 
of the lymphocytic perivascular infiltration.*! Cur- 
rently, adolescents and young adults receive 60-80 
mg of prednisone intravenously the first day, reduc- 
ing the dosage 5 mg daily over a seven to ten-day 
period.?” 45 


The majority of patients with mild respiratory 
obstruction can be successfully managed with cor- 
ticosteroids. When signs and symptoms progress to 
moderate or severe airway obstruction close atten- 
tion to this development is necessary. Moderate air- 
way obstruction includes nasal alar flaring, supra- 
sternal retractioms and stridor which is exacerbated 
by the supine position. Airway obstruction may 
progress to the severe stage manifested by tachycar- 
dia, tachypnea, nypercarbia, and hypoxia. Clinical 
findings may be more subtle, however, as evidenced 
by development of hypersomnolence and obstruc- 
tive sleep apnea in this child. 


Severe airway obstruction requires operative in- 
tervention. Using aalothane and oxygen anesthesia 
and avoiding muscle relaxants, the patient is 
perorally intubated in the operating room with the 
otolaryngologist prepared to perform bronchoscopy 
and/or tracheotemy. Because the primary etiology 
of acute upper respiratory tract obstruction is 
massive lymphoid hyperplasia, we recommend im- 


mediate tonsillectomy rather than prolonged in- 
tubation or tracheotomy. 


Prior to tonsillectomy, direct laryngoscopy is per- 
formed to evaluate the extent of edema. Tonsillec- 
tomy appears to be well tolerated in infectious 
mononucleosis; upper respiratory tract obstruction 
is rapidly relieved, swallowing is improved, and 
there are no reported complications.” Many of 
the objections to tonsillectomy are similar to those 
raised for quinsy tonsillectomy: 1) the danger posed 
by a general anesthetic; 2) the increased risk of sys- 
temic bacteremia and sepsis; and 3) intraoperative 
or postoperative tonsillar hemorrhage.*? Most 
deaths associated with tonsillectomy are caused by 
hemorrhage in which blood is not replaced. In 
acute bacterial tonsillitis, the objections to tonsillec- 
tomy are theoretical. No increased immediate or de- 
layed postoperative hemorrhage has been observed, 
and there is no data to support the contention of an 
increased incidence of septicemia or risk of general 
anesthesia.*?"°° 


In general, tonsillar hypertrophy obstructing the 
airway or deglutition is an absolute indication for 
tonsillectomy.***° After reviewing the respiratory 
complications of infectious mononucleosis, we rec- 
ommend immediate tonsillectomy for moderate or 
severe airway obstruction or unremitting tonsillar 
hemorrhage. Tracheotomy is reserved for those pa- 
tients with the Guillain-Barré syndrome who devel- 
op alveolar hypoventilation, atelectasis, hyper- 
carbia, and hypoxia." 
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FOREIGN BODIES IN THE LARYNX AND TRACHEOBRONCHIAL 
TREE IN CHILDREN 


A REVIEW OF 225 CASES 


BRUCE F. ROTHMANN, MD 


CLIFFORD R. BOECKMAN, MD 


AXRON, OHIO 


In a study of 225 patients with foreign bodies in the larynx, trachea and bronchi, 77% were 36 months of age or less. The male-female 
ratio was 2:1. Food or-food derivatives were the causative agent in 70% of the cases, with 38% due to a portion of nut. The foreign body 
involved the right and left bronchus with equal frequency. A cheking episode followed by an audible wheeze (55% ) was the most common 
presenting complaint. Obstructive emphysema was demonstrated in 60% and was best demonstrated by inspiration-expiration chest roent- 
genograms or fluoroscepy. A radio-opaque object was seen in 13%. Two hundred ten foreign objects (93%) were removed by endoscopy. 
Four patients required pulmonary resection for bronchiectasis and in three patients bronchotomy was performed. Five patients expelled 
the foreign body spontaneously, two patients were transferred to another hospital, and one foreign body was not recovered. There was no 


mortality. 


The sudden aspiration of a foreign object into the 
larynx, trachea or bronchus of a child is usually ae- 
companied by respiratory distress. The event is 
most commonly referred to as a choking episode. A 
wheeze and persistent cough often follows. Diagne- 
sis of the presence-of a foreign body and the rapidity 
with which it is established is dependent on many 
factors. Two huncred twenty-five patients with 
confirmed diagnosis have been treated at the 
Children’s Hospital Medical Center of Akron, Ohio, 
during the 25-year period May 1954 to December 
1979. Analysis of these patients forms the basis of 
this report. 


One hundred forty-two patients were male and 
83 were female. This almost 2:1 incidence in males 
has been noted by others,’ but no plausible reason 
has been proposed for this observation. 


One hundred two objects were situated in the 
right bronchial tree and 100 in the left. The almost 
equal incidence? is quite different from the adult ex- 
perience where the right side predominates. This 
might be explained by the fact that the left main 


TABLE |. AGE OF PATIENTS E 





NS an aaa aa i tte 
l 39 
2 93 
3 42 
4 12 
5 li 
6 5 
7 6 
8 3 
9 3 

10 & Over ll 


stem bronchus has a more acute angle from the tra- 
chea in children. Eighteen objects (8%) were in the 
trachea and only 5 (2%) in the larynx. 


One hundred seventy-four incidents (77%) oc- 
curred in the first three years of life (Table 1). The 
youngest was five months of age. The exploring 
child in this age group is often partially edentulous 
and has a tendency to place any object in the 
mouth. A solid object entering the pharynx elicits a 
startle response permitting the foreign body to enter 
the open larynx during forced inspiration. 


Food or food products accounted for 157 in- 
stances (70%) (Table 2). A portion of nut, particu- 


TABLE 2. TYPE OF FOREIGN BODY 


a a aa NO, 
Portion of Nut 86 
Food 32 
Carrot 18 
Popcorn 
Fruit (Stem, Seed) 

Bone 8 
Plastic 27 
Metal 19 
Tooth 4 
Stone 4 
Timothy Hay 4 
Miscellaneous 
Bead 2 
Mucus 2 
Balloon l 
Crayon l 
Wood l 
Paper l 
Acorn 1 
Pine Needle ] 
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TABLE 3. PRESENTING HISTORY AND SIGNS 
earner eee 


History of Aspiration 181 
Wheeze 13 
Fever ED 
Recurrent Pneumonia ti 
Respiratory Distress F4 


larly peanut, is most frequently found aad is the 
causative agent in 38% of all cases. It is obvious 
that these foods should neither be offered nor made 
accessible to small children. It is of importance that 
plastic objects are seen more frequently than metal 
in recent years. This may delay diagnosis as plastic 
is rarely radio-opaque. Timothy grass, while pres- 
ent in only four patients, is particularly treach- 
erous, as discussed by Jewett and Butsch.* In two 
patients a timothy grass head was extracted from 
the posterior basal segment because it was sus- 
pected. It could not be visualized with the broncho- 
scope. 


One hundred ninety-one patients (85%) had a 
history of a definite event, either of aspiration or 
choking, most often accompanied by paroxysms of 
coughing (Table 3). This may be followed by a rela- 
tively asymptomatic interval. The actual event was 
often recalled only after the diagnosis had been es- 
tablished. It is significant, however, that in 40 pa- 
tients (18%) the diagnosis was established more 
than one week after the event and in 19 (8%) more 
than one month later. In 123 (55%), a wheeze was 
present. Auscultation often revealed this to be pres- 
ent only on the side involved. The sudden appear- 
ance of a wheeze in a child who has not previously 
manifested asthma should arouse a strong suspicion 
of the presence of a foreign body. 


Fever was present in 60 cases (27%) and usually 
subsided promptly once the foreign body was re- 
moved. 


Recurrent pneumonia was the prominent finding 
in 17 patients (7.5%). This was most commenly seg- 
mental in type and did not respond to antibiotic 
therapy. A history of repeated or persistent lobar or 
segmental pneumonia demands investigation for 
foreign body. 


Only 14 (6%) presented with acute respiratory 
distress. This was most frequently seen in patients 
with laryngeal or tracheal obstruction. Two pa- 
tients manifested transient evidence of cerebral 
hypoxia. 


Obstructive emphysema was found in 135 (60%) 
patients on the chest roentgenogram (Table 4). The 
“expansile check valve” action‘ of the foreign body, 
allowing the air to enter but not exit, is most easily 
demonstrated on the inspiration-expiration views. 
The expiration film shows the involved lung to be 
overdistended and the mediastinal structures dis- 
placed to the opposite side. 


TABLE 4. X-RAY FINDINGS 


Obstructive Emphysema 135 
Foreign Body Visualized 31 
Atelectasis 27 
Pneumonia 18 
Normal 17 
Mediastinal Emphysema 4 


Ficoroscopy was done if the films were not con- 
clusive. In occasional patients, air-trapping and 
meciastinal swing can be demonstrated only by 
flucrescopy during vigorous ventilation.’ This was 
added to the diagnostic work-up if a suggestive his- 
tory was present and the diagnosis was not estab- 
lishec øn the inspiration-expiration views. 


Complete obstruction to the flow of air will pro- 
duce atelectasis (12%) and/or pneumonia (8%). 


No change is seen in the minimally obstructed 
airwey and the chest roentgenogram was inter- 
preted as normal in 17 cases (7.5%). 


The foreign body was visualized in 31 instances 
(13%. 


Four patients manifested mediastinal emphyse- 
ma indicating disruption of the bronchial wall. 


The foreign body was removed by bronchoscopy 
or laryngoscopy in 208 (93 %) of the patients (Table 
5). Al procedures were performed under general 
anesthesia. Two objects were removed by direct lar- 
yngessopy in the emergency room. Thirteen re- 
quired more than one bronchoscopic procedure 
with removal of the foreign body in eight. The 
rigic, distally lighted bronchoscope (Jackson) was 
used in most instances. The Hopkins rod-lens bron- 
choscspe (Storz)’ with self-contained grasping 
forceps, recently introduced, has been a valuable 
addition to the instrumentation. Removal of a small 
round foreign body may be facilitated by perform- 
ing bronchoscopy in a head down position. In this 
positien, the foreign object is less likely to be ad- 
vanced to a segmental bronchus, and gravity may 
permi: it to pass readily through the bronchoscope. 
The foreign body usually is impinged against the 
bromeaoscope with the forceps and both in- 
struments withdrawn together. The bronchoscope 
is ther: reinserted and careful examination is done to 
assure that no foreign body remains. 


Lokeetomy or segmental resection was performed 


TABLE 5. TREATMENT 


Bronchoscopy with Removal 205 
Laryngoscopy with Removal 
Spontaneous Expulsion 
Lebectomy 

Thoracotomy with Removal 
Unsuccessful Treatment 


ow wih ot 


‘Tracheostomy 
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in four patients. Bronchiectasis was present in all 
specimens. The foreign body involved (peanuts - 2, 
timothy grass - 1, plastic - 1) was not suspected in 
three of the four patients. The foreign body was 
identified in the specimen. It is of interest that no 
pulmonary resection has been done in the last 145 
cases. 


Three patients required thoracotomy for removal 
of a distal foreign body. A tooth was present in two 
patients and metal in the other. In each instance, 
the foreign object was removed by bronchotomy 
without sacrifice of significant lung tissue. 


Tube thoracostomy with water seal drainage was 
required for pneumothorax following bronchoscopy 
in two patients. 


ROTHMANN-BOECKMAN 


Tracheostomy was performed on six patients. 
Three were performed prior to removal of the for- 
eign body and three were done after endoscopic re- 
moval of the foreign body. 


Five patients (2%) spontaneously expelled an 
identifiable foreign body. Postural drainage as sug- 
gested by Burrington and Cotton‘ and Cotton et al’ 
has not been utilized. The danger of dislodging a 
foreign body to the opposite side* seems to be 
greater with this method than in endoscopy which 
is expertly done and performed under excellent 
pediatric anesthesia. Close cooperation between the 
anesthesiologist and endoscopist is of paramount 
importance. The well-ventilated, relaxed patient 
affords the best situation for successful removal of 
the foreign body. 
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The charts of 143 patients with foreign bodies in the larynx and tracheobrenehial tree who were admitted to the Childrens Hospital of 
Los Angeles during the period 1973 to 1978 were reviewed. Of these children 84 were male and 59 were female. One hundred were private 
patients and forty-three were clinic patients. Of these foreign bodies 60 were aux meat which is by far the most common foreign body of the 
tracheobronchial tree. All foreign bodies were successfully removed. One hurd-ed twenty-six were discharged within the first 24 hours 
after admission and treatment. Fifty-one or 36% of these patients were discharged on the same day after the foreign body was removed. 
Sixty-two of the foreign bodies were in the left bronchial tree, while 55 were inthe right bronchial tree. One hundred thirty-eight were en- 
doscoped under general anesthesia using the apneic technique and five patienss were treated with oxygen standby only because of severe 
respiratory obstruction. A detailed description of the use of apneic techn.que with profound muscle relaxation, the avoidance of 
preoperative medication and the team approach to ventilating the patients are al’ described. The advantage of general anesthesia, and the 
potential intraoperative and postoperative problems are reviewed. Of the total aumber of cases 13% were between 4 and 11 months of age, 


44% were between 12 and 23 months of age and 57% were over 23 months c? zge. 


INTRODUCTION 


During the era of the Jacksons and many of their 
disciples (Clerf, Tucker, Van Loon, Atkins and Hol- 
inger, to name a few), removal of foreign bodies 
from the larynx and tracheobronchial tree was per- 
formed without anesthesia. For many years the use 
of anesthesia was considered dangerous and con- 
traindicated for the pediatric endoscopic proce- 
dure. However, with the development of newer 
methods, drugs and techniques and the advances of 
anesthesiology as a specialty, general anesthesia has 
been used increasingly for endoscopic procedures in 
children. General anesthesia remains contraindi- 
cated in cases where there are severe obstructive 
diseases from whatever cause or where the airway 
cannot be controlled. 


General anesthesia facilitates both the endoscopic 
procedure and the removal of the foreign body. It 
reduces trauma to the anatomic structures invaded 
by the endoscope, eliminates discomfort and trau- 
ma to the psyche, and gives complete compliance on 
the part of the patient without restraints. The ease 
of endoscopy and more effective and delicate ap- 
plication of a forceps under general anesthesia 
makes for less trauma and fewer complications. It is 
not, however, a substitute for the skill and com- 
petence of the endoscopist. 


In the removal of foreign bodies in children there 
is no substitute for the open rigid endoscope. All 
techniques which are used for aiding the obstructed 
patient in an emergency, such as pounding the 
back, postural drainage, bronchodilators, finger 


probing of the throat and Heimlich procedures, are 
dangerous and should be discouraged unless there is 
no cnsice because of obstruction of the airway 
which is unrelieved by the patient’s own reflexes. 
These techniques may result in further impaction 
anc the possibility of total obstruction not present 
prior to these attempts. These efforts may also delay 
transfer of a child to a proper facility for medical 
care. 


Foreign bodies produce varying degrees of air- 
wav obstruction. In children who at first examina- 
tion zave little or no obstruction, attempts at ex- 
traetion or improper use of a general anesthetic may 
increase obstruction. Thus there may be an un- 
necessary toll in increased morbidity and mortality 
unless intense attention to details is observed. 


The purpose of this paper is to outline some of the 
statistics of the foreign bodies in the airway which 
were treated over a five-year period at the Chil- 
drens Hospital of Los Angeles and to detail the 
methods of anesthesia used in the management of 
these cases, 


LITERATURE REVIEW 





Choxing on foods has been the cause of between 
2,50€ to 3,900 deaths per year in this country.' It is 
the six:h most common cause of accidental deaths. 
Fifty-five percent of aspirated foreign bodies in- 
volve the respiratory tract in children six months to 
four years of age.’ It is estimated that in over one 
third cf these children the accident is neither ob- 
served nor suspected, a fact which has contributed 
to mary complications and a high incidence of un- 
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TABLE 1. STATISTICAL ANALYSIS OF CASES (N = 143 


1973-1978 

Sex Age 
Male - 84 4-11 mos - 19 
Female - 59 12-23 mos - 63 
2 yrs 23 
3 yrs - 9 
4 yrs - 3 
5 yrs - 4 
Financial Status 6 yrs - & 
Private patients - 100 7-12 yrs - 12 
Clinical patients - 43 Over 12 yrs 2 


necessary morbidity. The severity of the potential 
dangers during foreign body extractions under gen- 
eral anesthesia are well documented by Ward and 
Benumof.’ For many years the mere suggestion of 
the use of general anesthesia for endoscopy in the 
pediatric age group generated considerable heat. 
Tucker in his Chevalier Jackson lecture noted the 
advances and increasing acceptance of general 
anesthesia for endoscopy.* Leigh and Belton‘ 
described the use of a profound muscle relaxant in 
combination with Fluothane® and succinylcholine 
given intravenously in multiple doses or by intra- 
venous drip. This technique had been used at Chil- 
drens Hospital of Los Angeles for at least three or 
four years prior to the publication of their book. In 
1966 the discussion following Morse and Hartman’s 
paper® presented before The American Broncho- 
Esophagological Association reflected the diversity 
of opinion of that day regarding general anesthesia 
and the use of apneic technique specifically. 


In a symposium before The American Broncho- 
Esophagological Association Fearon’ opens his dis- 
cussion of anesthesia in pediatric peroral endoscopy 
with the statement that it is like the title of a 
popular song, “All or Nothing at All.” He reinforces 
an attitude gainec from many years of experience 
that halfway measures, a little of this and a little of 
that, are unsuitable for endoscopy in the pediatric 
age group. 


STATISTICAL ANALYSIS OF PATIENTS 


The charts of 143 cases of foreign bodies in the 
larynx and tracheobronchial tree treated over a 
five-year period were reviewed. Eighty-four (59 % ) 
were male and 39 (41%) were female; 19 of these 
children (13%) were under one year of age, 63 were 
12 to 23 months of age, and 23 were under three 
years of age (Table 1). 


Nut meat was by far the most common type of 
foreign body, occurring in 78 (55%) of the cases. 


TABLE 2. TYPES OF FOREIGN BODY 


Peanuts 49 Rocks 5 
Food particles 29 Watermelon seeds 4 
Metal 24 Foil and paper 2 
Other nuts ll Glass l 
Sunflower seeds 10 Miscellaneous 2 
Plastic 6 


TABLE 3. SITE OF ENLODGEMENT 


Left bronchus - 62 
Right bronchus - 55 
Trachea - 13 
Larynx - 6 
Trachea and bronchus - 3 
Bilateral bronchus = 8 
Bilateral bronchus & trachea s d 


Food particles were aspirated in 29 cases (20%) and 
metallic objects were next most common, seen in 24 
cases (16.7%) (Table 2). Of great interest is the oc- 
currence of more foreign bodies in the left bronchial 
tree (62 cases, or 43%), a fact which is contrary to 
common belief based on anatomic details. Fifty-five 
(38 % ) were found in the right bronchial tree. Only 
six (4%) of the cases were in the larynx, and the re- 
maining 19% were in the trachea or were multiple, 
in the trachea and one or both bronchi (Table 3). 


Foreign bodies were lodged for a varying length 
of time. Fifty-nine (41%) were recognized and 
treated within the first 24 hours after aspiration. 
The remainder of the cases were scattered between 
five days to one year with the longest impaction of a 
foreign body being present for over one year (Table 4). 


General anesthesia was used in 138 cases (96.5 % ) 
and oxygen standby without any anesthesia was 
used in five of the cases (3.5%) (Table 5). A general 
anesthetic was not used in children in whom there 
was severe airway obstruction and in those children 
in whom the airway could not be controlled. Of 
these five patients, three had impacted laryngeal 
foreign bodies and two had sunflower seeds severely 
obstructing the tracheal lumen. 


The postoperative discharge of patients following 
the endoscopic procedure was as follows. One hun- 
dred twenty-five (88 % ) were discharged within the 
first 24 hours after the endoscopic procedure. Of 
these 51 (36%) were discharged soon after recovery 
from the general anesthetic. Seventy-five (52%) of 
the patients were discharged by the following day 
making a total of 125 (88%) being discharged with- 
in 24 hours of the endoscopic procedure. Fifteen 
cases (10%) were discharged within 48 hours and 
two cases remained hospitalized for 72 hours 
because of postoperative laryngitis or social prob- 
lems (Table 6). 


The postoperative problems were chiefly those 
related to the foreign body reactions and occa- 
sionally due to the endoscopic procedure. The most 
common was subglottic laryngeal edema in 22 chil- 


TABLE 4. DURATION OF ENLODGEMENT 


2-8 hrs - 24 
8-24 hrs - 35 
1-5 days - 14 
5-10 days - 14 
10-30 days - 19 
1-6 mos - 9 
6 mos - | yr - 2 


Longer - J 


AN 
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TABLE 5. ANESTHESIA 


General - 138 
Standby O, > 5 


dren; in most of these only humidified air and an 
extra dose or two of dexamethasone were required. 
A number of these children had been referred after 
having had an endoscopic procedure performed 
elsewhere (15 patients). Bronchitis occurred in six 
children more often due to the foreign body reac- 
tion and three had edema and fever due to the ma- 
nipulation of the foreign body in an already in- 
fected area. Pneumonia occurred in two, the result 
of impaction and longstanding foreign bodies in the 
airway. Laryngotracheobronchitis (LTB) occurred 
in two patients (Table 7). 


Twenty-six children required a second procedure 
because of the presence, at the time of the removal 
of the foreign body, of a granulomatous reaction, 
bronchial stenosis, persistent pneumonia or sup- 
purative process. The procedure was performed in 
order to insure complete resolution and to prevent 
chronic stenotic lesions in the bronchi. A second 
procedure was performed on one patient who was 
referred from another hospital after an unsuccessful 
attempt to remove a metallic foreign body with a 
fiberoptic bronchoscope. The foreign body was dis- 
tal to the visibility afforded by the bronchoscope 
and this patient required removal with a second 
procedure which was successful, using the image in- 
tensifier. 


ANESTHESIA MANAGEMENT 


The technique described requires an experienced, 
skillful endoscopist in concert with a compatible, 
experienced anesthesiologist. A team approach is of 
utmost importance. A competent operating room 
technician or nurse in a well equipped surgical am- 
phitheater and available consultation with a pedia- 
trician, radiologist and thoracic surgeon all are 
essential. A thoracic surgeon is rarely required ex- 
cept in cases in which the foreign body has 
wandered to the periphery of the lung and cannot 
be removed with the image intensifier. Thoraco- 
tomy then may be necessary but is rarely justified 
and was not required in any of the patients reported 
in this series. 


The airway is shared by both endoscopist and 
anesthesiologist and therefore the maintenance of 
adequate ventilation, which is of the highest priori- 
ty, is totally dependent on these two members of the 
team. Each must concentrate on maintaining the 
airway with adequate ventilation at all times. 


TABLE 6. POSTOPERATIVE DISCHARGE 


Same day - 5l 
Next day - 75 
Two days - 15 
Over three days* - 2 


* Either croup or parental-social problem. 


‘roup . 99 
Bronchitis - 6 
Edema - 3 
iever s 
Pneumonia a 
LTB - 2 


There-can be no compromising of this need for even 
a single moment. 





‘he skilled operating room technician is aware of 
the emdoscopist’s needs and wastes no time in ensur- 
ing adequate lighting, change in instrumentation 
and adequate suctioning and maintenance of the 
equipment. 


The pediatrician is most important in the early 
recognition of the disease and should seek immedi- 
ate eonsultation with the endoscopist. He will aid in 
the treatment of pneumonia, bronchiectasis or 
bronchial suppuration which may persist after re- 
mova. of the foreign bodies of long sojourn. The 
earlier the diagnosis, the fewer will be the laryn- 
geal, bronchial and pulmonary complications and 
the easier will be the extraction of the foreign body. 


PREOPERATIVE EVALUATION 


The presentation and complications of foreign 
bodies affect the duration of the procedure, make 
removal difficult and may require modification of 
the type of anesthesia. These are bronchial suppura- 
tion, bronchial ulceration and granulation tissue 
formation, bronchial stenosis, peribronchial and 
peritracheal lymphadenopathy with compression of 
the bronchi, pneumonitis, atelectasis, obstructive 
emphysema, pneumomediastinum, pneumothorax, 
hemoptysis and variable degrees of airway obstruc- 
tion. These will be determined by the history of the 
foreign body presence, physical examination and 
roent cen studies. 


A. Look for signs of airway obstruction, quanti- 
tate tne respiratory distress, note the respiratory 
rate, characteristics of breathing (such as stridor, 
retractions, presence or absence of cyanosis, anxie- 
ty) and finally evaluate the child’s sensorium. 


B. if possible determine whether the foreign body 
is in the larynx, trachea or bronchus. This is very 
impertant in determining the general approach and 
decidimg whether a general anesthetic can be used. 
It is helpful to know the type of foreign body which 
was a:pirated. This will permit determination as to 
whether it can be removed through the larynx. En- 
capsu.ated dry vegetable substances such as beans 
can swell in the presence of moisture and create dif- 
ficulties in delivering the foreign body in one piece. 
This -ype of foreign body must be broken into 
smaller pieces to avoid total obstruction of the tra- 
chea when attempts are made to remove it intact 
from ‘he bronchus. Close observation is necessary 
wher breaking up the foreign body to prevent some 
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of the pieces from occluding the originally unob- 
structed bronchus. It is important to determine by 
examination whether the larynx is obstructed by or 
edematous from the foreign body or whether there 
has been laryneal edema due to previous instrumen- 
tation. Voice change and a barking croupy cough 
will indicate this possibility. Where the foreign 
body is in the larvnx or within the trachea, obstruc- 
tion can be more severe. It is in these two areas that 
obstruction is most likely to create severe airway 
problems under g2neral anesthesia. If multiple re- 
movals are necessary, preparation for reintroduc- 
tion of the bronchoscope should be made soon after 
the first removal. 


C. There is a higher incidence of laryngeal edema 
in children whe have been previously endoscoped 
elsewhere. This complication may require post- 
ponement of the endoscopic procedure unless air- 
way obstruction is major. The child may then be 
treated during this waiting period with antibiotics, 
humidified air and multiple sequential doses of 
steroids. 


POTENTIAL INTRAOPERATIVE PROBLEMS 


The greatest hazards of the entire procedure most 
frequently occur during the operative period. These 
arise from defective equipment, inability to venti- 
late the patient due to mechanical obstruction, hy- 
poventilation (usually due to poor teamwork be- 
tween anesthesiologist and endoscopist) leading to 
hypercarbia with respiratory acidosis, or hypoxia 
followed by arrhythmias which may lead to carciac 
arrest. The longer the period of instrumentation 
and the larger tke bronchoscope, the more likely 
laryngeal edema will occur. The endoscopist’s skill 
and the use of proper-sized instruments will reduce 
further edema. The preference should be for the 
smallest bronchoszope to permit removal of the for- 
eign body. Trauma is also reduced by adequate im- 
mobilization of the child’s larynx with the appropri- 
ate anesthetic. 


The loss of the intravenous cannula can result ina 
serious problem since the sudden need for a relaxant 
may not be instantly satisfied. During this very light 
period, the patient splints and ventilation can be 
difficult or impossible. This splinting has been in- 
terpreted as being due to bronchospasm, and calls 
for immediate relaxation and not bronchodilators. 
A plastic intravenous cannula is preferable since it is 
more dependable and secure. 


To adequately ventilate the patient, the broncho- 
scope must be in direct alignment with the airway. 
Precautions against hyperextension of the head, 
especially in the very young infant, is mandatory. 
Hyperextension causes the bronchoscope to be di- 
rected anteriorly and makes ventilation difficult to 
impossible. The endoscopist must be aware of the 
difficulties in ver.tilating a patient when the bron- 
choscope is inserted deeply into the obstructed 


bronchus so that the normal lung cannot be ven- 
tilated. By judicious manipulation of the endoscope 
to a more proximal level this hazard can be pre- 
vented. 


Cardiac arrhythmias, succinylcholine bradycar- 
dia and asystole have effectively been controlled or 
prevented by proper atropinization before the re- 
laxant drug is administered. One milligram doses of 
atropine are sufficient and may be repeated as nec- 
essary. 


Faulty equipment such as a loose anesthetic tube 
or a disconnection from the gas machine or bron- 
choscope should be immediately recognized by the 
endoscopist who with experience can detect any 
change in the color of the mucous membrane long 
before any change in the cardiac status is evident to 
the anesthesiologist with his monitors. 


Another serious intraoperative problem is the re- 
moval of a large obstructive foreign body from the 
bronchus into the trachea or by stripping the for- 
eign body off at the laryngeal level. This would im- 
pair ventilation and immediate steps should be 
taken to remove the object from the larynx or upper 
trachea. If this is not possible, the foreign object 
should be pushed into one of the bronchi so that 
ventilation can proceed with the unobstructed lung. 
Should none of these alternatives be possible, the 
foreign body will require fragmentation to allow 
ventilation. It can then be removed when the pa- 
tient’s condition has been stabilized by proper ven- 
tilation. 


POTENTIAL POSTOPERATIVE PROBLEMS 


For the immediate postoperative care of the pa- 
tient a competent recovery room staff is essential. 
Postbronchoscopic laryngospasm is rare in our ex- 
perience. Spraying of the larynx with local anesthe- 
tics has been advised to prevent such an occurrence. 
It was not used, however, in this series of patients. 
Laryngospasm becomes a problem and occurs when 
the anesthetized patient is not deep enough or light 
enough to have permitted all of his reflexes to have 
returned. It will never occur when the patient is 
adequately relaxed. To prevent laryngospasm, the 
bronchoscope should never be removed unless the 
patient is either wide awake with all reflexes having 
been recovered, or is still under the influence of suc- 
cinylcholine. It will not occur if the patient has not 
been given preoperative medication or if the larynx 
or pharynx has not been sprayed with local anes- 
thesia, thus allowing for rapid recovery of the pro- 
tective reflexes. Laryngeal edema is prevented by 
the use of a proper-sized bronchoscope and with 
minimal manipulation of the bronchoscope so that 
the larynx is not the fulcrum of the force of those 
manipulations. The use of Decadron® (dexametha- 
sone) preoperatively and at times postoperatively 
when necessary effectively reduces airway obstruc- 
tion from laryngeal edema. Intravenous fluids and 
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high humidification with a solosphere in the 
recovery room will usually suffice to correct any 
minor laryngeal involvement. Racemic epinephrine 
has rarely if ever been necessary. 


AWAKE TECHNIQUE 


The child is mummified with a large cotton blan- 
ket and a reliable intravenous route is established in 
an ankle or foot vein. After preoxygenation with the 
patient being monitored by the anesthesiologist, the 
foreign body is extracted through the laryngoscope 
while a high flow of oxygen is insufflated into the 
mouth by means of a catheter. Basal and preopera- 
tive local anesthesia were never used because they 
create hypoventilation or will interfere with the 
protective reflexes of the respiratory tract in the im- 
mediate postoperative period. If bronchoscopy is 
required with the patient breathing spontaneously 
the oxygen adapter can be applied to the side arm of 
the bronchoscope and the patient can be aided in 
his ventilation. 


ANESTHESIA METHODS 


Preanesthetic Medication. Narcotics and sedative 
drugs including scopolamine are contraindicated 
because they may depress respirations and contri- 
bute to further respiratory embarrassment with 
resultant hypoventilation. These drugs also delay 
emergence from anesthesia and prolong recovery, 
thus interfering with the protective cough and gag 
reflex. 


Preinduction. Before the anesthetic is started the 
patient is placed on a circulatory water mattress 
and the body temperature is monitored continuous- 
ly from a Thermister probe inserted deeply into the 
axilla. The cardiovascular system is monitored by 
means of a precordial stethoscope, blood pressure 
cuff and electrocardiograph. 


Intraoperative Management. A choice of whether 
to use oxygen standby only or a general anesthetic 
will be determined by the anesthetist and endosco- 
pist in consultation. During the past five years, 
general anesthesia was employed in 96.5% of the 
patients in this series. The remaining patients were 
treated on an emergency basis and general anesthe- 
sia was not employed because of the presence of 
severe respiratory obstruction. Usually, obstruction 
resulted from the foreign body being within the 
larynx or in the upper trachea lumen almost oc- 
cluding the airway. In a rare instance where 
marked cardiopulmonary distress was associated 
with extensive air-trapping or mediastinal shift, 
pneumomediastinum or pneumothorax caused by 
ball valve action of the foreign body, general 
anesthesia was not used. However it is not contrain- 
dicated in those patients with these complications if 
the airway is secure and ventilation is adequate. 


Induction. Anesthesia is induced with a mixture 
of nitrous oxide, halothane and oxygen. As soon as 
the patient is unconscious, the respirations are 
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assistec by manual compression of the breathing 
bag, amd the character of each breath is carefully 
evahiated for adequacy. The tidal air can usually be 
evaluated and must be adequate and assured before 
paralyzing the patient. If inadequate ventilation 
occurs not expected from preoperative evaluation, 
the cai.d should be awakened and the awake tech- 
nique should be used. 





Mair tenance of Anesthesia. Once the decision has 
been made to continue with the anesthesia, the an- 
esthe- ic route is one which permits intermittent ease 
of ventilating the lungs and allows sufficient time 
for the atraumatic manipulations of the broncho- 
scope. These needs can be fulfilled with the apneic 
relaxart technique, which consists of a light plane 
of general anesthesia accompanied by a muscle 
relaxart. Safety of the anesthesia is enhanced by the 
administration of 95 to 100% oxygen just prior to 
and daring the induced apnea. This procedure 
estab ishes a high pulmonary reservoir of oxygen as 
wel! ascomplete saturation of the arterial blood and 
delays the onset of hypoxia. Inasmuch as carbon 
dioxide will accumulate during the periods of 
apnea, it is essential to ventilate the lungs at fre- 
quen «ntervals to prevent hypercarbia and respir- 
atory ecidosis. This requires a very close interplay 
betwen endoscopist and anesthesiologist. 





The anesthetic procedure is as follows. Just prior 
to the endoscopic procedure, the nitrous oxide is 
discontinued. The halothane concentration is re- 
duced -e 0.5% or less and the lungs are hyperventi- 
lated with a high concentration of oxygen for one to 
two menutes. Ideal conditions are obtained by pro- 
found muscular relaxation which is achieved by the 
use of a short-acting depolarizing muscle relaxant, 
suceinvicholine, given intravenously in one or more 
boluses as required. Succinylcholine may be given 
as a centinuous drip of a dilute concentration of 
0.2% when this is occasionally required for pro- 
longed procedures. When given as a bolus, the dose 
is 2 rag per kg body weight, and it must be initially 
preceded by atropine 0.1 mg given intravenously in 
order to prevent nodal bradycardia or cardiac asys- 
tole, which are often associated with the cholinergic 
properties of succinylcholine. If multiple doses are 
requared the atropine dose may be repeated as 
necessery. Long-acting muscle relaxants such as 
curare and Pavulon® are avoided because muscle 
relaxation with these drugs is inadequate except 
with very high doses. Large amounts of these drugs 
may be difficult to reverse with Prostigmin® thus 
making it necessary to ventilate the patient for a 
consilerable length of time after the procedure has 
been completed. 


Ventilation of the lungs via the mask technique 
continwes as the patient becomes fully paralyzed. As 
soon as the bronchoscope is placed into the trachea, 
the side arm of the bronchoscope is attached to the 
circle ebsorption system by means of a short, flexi- 
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ble rubber tube, and the lungs are ventilated again 
with a high concentration of oxygen. At frequent 
intervals throughout the procedure, the respirations 
are intermittently controlled by simultaneous occlu- 
sion of the open end of the bronchoscope with the 
endoscopist’s thumb while the anesthesiologist man- 
ually compresses the breathing bag. This aspect of 
the procedure is facilitated by having the patient 
completely relaxed, but requires a high degree of 
cooperation between the surgeon and the anesthesi- 
ologist. 


In patients with multiple foreign bodies or where 
the foreign body requires fragmentation, it is nec- 
essary to repeatedly remove and introduce the bron- 
choscope. The respirations may be controlled by 
face mask technique after the bronchoscope is re- 
moved. However, where the endoscopist is skillful, 
the interval between removing the fragment and 
reintroducing the bronchoscope may be no more 
than five to ten seconds and mask anesthesia may 
not be necessary. It is extremely important to main- 
tain profound muscular relaxation with succinyl- 
choling until the total extraction of the foreign body 
objects is completed, in order to facilitate instru- 
mentation and ventilation of the lungs. In older 
children, and during prolonged procedures, halo- 
thane anesthesia becomes inadequate and it is nec- 
essary to administer very small increments of thio- 
pental intravenously to maintain unconsciousness. 


Emergence from Anesthesia. After extraction of 
the foreign body and completion of the procedure, 
there is a general tendency for the entire team to 
become elated and thus attention may be diverted 
from the care of the patient. The anesthesiologist 
and the endescopist must not join in this celebration 
but must instantly carry out an organized plan of 
ventilating the patient without distractions of any 
kind. 


In those ehildren with food in the stomach and 
where the procedure is urgent and cannot be post- 
poned because of severe obstruction to the airway, 
postbronchescopic intubation of the patient with an 
endotracheal tube of a smaller size than usual for 
this age should be performed. The tube should be 


left in place while the patient is ventilated until ful- 
ly awake. In children where the stomach is empty, 
face mask ventilation after removing the broncho- 
scope will suffice to give assisted or controlled 
respirations until the residual succinylcholine is 
metabolized and the patient is awake, crying and 
breathing adequately. Laryngospasm or so-called 
bronchospasm is rarely seen during the emergence 
when the bronchoscope is removed at the proper 
depth of anesthesia. 


Because of instrumentation and frequent inflam- 
matory problems from the foreign body, dexameth- 
asone phosphate is given in intravenous doses, 4 mg 
to infants and 8 mg to older children, prior to the 
endoscopic procedure. This will reduce and mini- 
mize subglottic edema. Because preanesthetic medi- 
cation has not been used and intravenous depres- 
sants are minimal during the procedure, the pa- 
tients are expected to awaken and cry or talk before 
they leave the operating room. Complications have 
been minimal with the described technique above. 
One patient had a prolonged apnea from succinyl- 
choline as a result of a pseudocholinesterase defi- 
ciency. This patient required ventilation for ap- 
proximately three hours after the endoscopic proce- 
dure had been completed. 


CONCLUSIONS 


General anesthesia using a controlled apneic 
technique with light halothane anesthesia asso- 
ciated with profound relaxation using a short-act- 
ing muscle relaxant, sucecinylcholine, has given 
ideal conditions for the successful removal of for- 
eign bodies. This technique has been used for well 
over 30 years at The Childrens Hospital of Los An- 
geles. Of the 143 cases of laryngeal and tracheo- 
bronchial foreign bodies, 138 were treated with the 
techniques described within this paper. The avoid- 
ance of preoperative basal anesthesia and spraying 
of the throat with local anesthesia make possible 
rapid emergence from the anesthesia with rapid 
return of normal protective reflexes. These features 
make for ideal, atraumatic operating room endo- 
scopic experiences. There were no serious complica- 
tions and no deaths in this series of patients. 
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The clinical features of abnormal gastroesophageal reflux in infants amd ehildren extend beyond repeated vomiting and include 
dysphagia, pain, bleeding, failure to thrive, esophageal stricture, and recurr2nt respiratory symptoms including aspiration pneumonitis 
and cyanotic attacks. The unreliability of the traditional barium swallow exam ination as a diagnostic test is well known. This study reports 
the results of endoscopic assessment and esophageal biopsy in 100 infants ani children and relates them to the clinical findings and the 
changes in the contrast esophagogram. The results show that further valuabl + diagnostic information can be gained from endoscopic ex- 
amination of the esophageal mucosa, especially when there is esophagitis wit> ulceration, bleeding, or stricture. Endoscopic biopsies are 
useful to confirm the presence of esophagitis but biopsies alone do not give aksclute diagnostic information. 


Gastroesophageal reflux is a common problem 
which occurs when the lower esophageal sphincter 
is incompetent and characteristically commences in 
the neonatal period with vomiting occurring at any 
time during or between feedings. The clinical fea- 
tures of gastroesophageal reflux are known to ex- 
tend beyond repeated vomiting. They include fail- 
ure to thrive, dysphagia, pain, bleeding, anemia, 
esophageal stricture and recurrent respiratory 
symptoms including aspiration pneumonitis and 
cyanotic attacks due to aspiration.’ There is still 
confusion as to the etiology and the nature of abnor- 
mal gastroesophageal reflux and the mechanism of 
action of the distal esophageal sphincter.’ 


Besides the clinical features and the fact that gas- 
troesphageal reflux may be demonstrated by con- 
trast esophagogram, any test that gives objective 
supplemental evidence is useful. The tests available 
include esophagoscopy and endoscopic assessment, 
esophageal biopsy,** manometric studies and 
24-hour pH monitoring of the distal esophagus.*° 
We are reporting our experience with esophago- 
scopy and esophageal biopsy in 100 infants and 
children. 


METHODS 


All children were in-patients at the Royal Alexandra Hospital 
for Children, Sydney, Australia, between 1970 and 1979. The 
records of 100 infants and children who had esophageal biopsy 
were reviewed. Ninety-four patients in the group studied had 
clinical features suggesting gastroesophageal reflux sufficient to 
warrant study in hospital. Six patients with purely respiratory 
symptoms had esophagoscopy as part of a diagnostic endoscopic 
examination and biopsies were taken as controls. The group 
studied represented not only patients with straightforward 
gastroesophageal reflux but also those in whom it was associated 
with repaired tracheoesophageal fistula, cerebral palsy, or other 
congenital anomalies. Also in the group were patients who 
presented a diagnostic problem where the clinical features and 


From the Royal Alexandra Hospital for Children, Sydney, Australia. 


the contrast esophagogram did not clearly indicate the diagnosis. 
Others again were of a severe nature, unresponsive to medical 
treatraent and were being considered for antireflux surgery. 


Ail examinations were performed under general anesthetic. A 
rigid Negus esophagoscope was used and the mucosa of the 
esophageal wall was assessed first with the naked eye and then 
with the Hopkins telescope in all cases. 

The biepsies were taken using sharp, double-action cup biopsy 
forceps 3 mm in diameter. Multiple biopsies were usually taken 
frora zhe posterior esophageal wall, the first biopsy 2 or 3 cm 
above the gastroesophageal mucosal junction and a further biopsy 
or bicosies at measured intervals above this. There were no com- 
plicat-oas. The biopsies were examined histologically for elonga- 
tior Cf the papillae greater than two thirds, thickening of the 
basal zeil layer to more than three or four cells, ulceration, severe 
inflammation and fibrosis. The result of the endoscopic assess- 
mert and the esophageal biopsy was related to the clinical 
features and the changes in the contrast esophagogram. 


RESULTS 


Tae age range of the children was from 3 days to 
15 y2ars. The average age was 35 months. Of the 94 
patients with gastroesophageal reflux 59 were male 
and 35 were female, showing a marked male pre- 
ponderance, almost 2 to 1. 


Tae clinical features are shown in Table 1. Al- 
thovgh vomiting was by far the commonest symp- 
tom many patients had multiple symptoms. 


Tae barium swallow was positive in 65% accord- 
ing o the technique used in our radiology depart- 
mem, Screening examination with spot films is per- 
formed, using thin barium with the patient lying 
supite and slightly turned to the right. 


Tae endoscopic findings were positive in 81% as 
jucged by the presence of localized or generalized 
charges including granularity, bleeding to touch, 
slouzh, ulceration, exudate or stricture. Erythema 
alone was not considered a diagnostic abnormality. 


Presented at the meeting of the American Broncho-Esophagological Association, Ealm Beach, Florida, April 12-13, 1980. 
REPRINTS — Bruce Benjamin, FRACS, 229 Macquarie Street, Sydney NSW 2060 Australia. 
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TABLE 1 CLINICAL FEATURES 


Clinical Featuzes 





Vomiting 59 
Hematem esis l4 
Feeding difficulty 10 
Cyanotic attacks 10 
Pain 8 
Cough F 
Dysphagia 4 


Histologically, the criteria used for “reflux 
change” were elongation of papillae to two thirds of 
the mucosal thickness, in addition to basal hyper- 
plasia to at least three to four layers thick. There 
were 66 positive biopsies (70%). These included 28 
with reflux chamge only, 18 with ulceration or 
severe inflammation, 16 with reflux change com- 
bined with ulceration, severe inflammation or col- 
umnar epithelium and 3 with fibrosis. There were 
34 negative biopsies (17 normal, 8 minor non- 
diagnostic change and 9 columnar epithelium only 
which could have come from the stomach). 


When microscopic findings included 1) ulcera- 
tion or fibrosis; cr 2) reflux change combined with 
columnar epithelium, ulcer, or inflammation, the 
correlation with positive endoscopic and radio- 
logical findings was very high. However, when 
microscopy revealed reflux change alone, the cor- 
relation was poor, 7 of 28 having normal barium 
swallow and endoscopic appearance. Similarly 9 of 
17 histologically normal mucosae had reflux on 
barium swallow end redness on endoscopy. 


DISCUSSION 


It is highly prebable that all infants have some 
degree of gastroesophageal reflux at some time and 
the distinction from vomiting, regurgitation and 
possetting may be impossible. It is often difficult to 
make a reliable diagnosis on the clinical features 
alone. Although the barium swallow has tradition- 
ally been regarded as a diagnostic radiological in- 
vestigation, the unreliability of a single barium 
swallow examination even when performed by an 
experienced pediatric radiologist is well known. We 
found the barium swallow positive in 66% of cases 
and it is obvious tnat further diagnostic information 


would be valuabk. 


The endoscopie essessment of esophageal mucosa 
is reliable when there is ulceration, bleeding, or 
stricture and our study showed positive endoscopic 
findings in 81%. The significance of the findings is 
less reliable wher there is merely redness, granular- 
ity, or the appearance reported as “erythematous.” 


The biopsv specimen with the Storz double action 
cup forceps is mere satisfactory than that reported 
by others in adults where the biopsies were taken 
with small cup forceps through a flexible fiberoptic 
endoscope. In our opinion it seems reasonable that 


BENJAMIN ET AL 


multiple biopsies of larger diameter are more satis- 
factory than a single small biopsy and reflect the 
changes through the length of the esophageal wall 
more adequately. Our study showed positive changes 
in 70%. 


Ismail-Beigi et al? in 1970 reexamined the cur- 
rently accepted histological features of esophagitis. 
They stated that the histological changes in the 
esophagus in the presence of gastroesophageal re- 
flux in man included thickness of the basal zone 
more than 15% of the normal thickness of the epi- 
thelium and extension of the papillae more than 
two thirds of the distance to the epithelial surface. 
The presence of round cells such as lymphocytes 
and plasma cells in the lamina propria was desig- 
nated as normal. 


Behar and Sheahan’ in 1975 found that the coex- 
istence in at least two biopsy specimens of lamina 
propria papillae height greater than 50% of mucos- 
al thickness, and basal cell proliferation that was 
greater than 15% of mucosal thickness, occurred in 
95% of patients with reflux esophagitis and in none 
of the asymptomatic patients. They stressed that 
both changes could be present in a patient with 
clinical evidence of mild esophagitis but with an 
esophagus which appeared endoscopically normal. 
They also confirmed that lymphocyte, histiocyte, 
eosinophil or plasma cell infiltrates of the lamina 
propria do not correlate with the symptoms or ob- 
jective findings in patients with reflux esophagitis. 
Intraepithelial and lamina propria neutrophil infil- 
trates were considered to have a low sensitivity as a 
criterion of esophagitis. 


So far as we know there have been no previous 
studies relating endoscopy and biopsy in the pedi- 
atric age group. The diagnosis of gastroesophageal 
reflux is notoriously difficult to make with certainty 
and may remain inconclusive. Consequently we feel 
that it is reasonable to assume that patients with 
positive barium study, endoscopic findings, and 
biopsy findings have true gastroseophageal reflux. 
In our study only 45 of 94 (48%) met these triple 
criteria. It is interesting to note that the biopsy find- 
ings increased the diagnosis by only 2 cases, as 47 
had positive barium and endoscopic findings. 


Obviously in many patients only one of these 
three investigations showed a positive result. If we 
regard these as the false positive rates for the in- 
dividual procedures, there were 4 false positives for 
barium swallow, 3 for endoscopy and 11 for biopsy 
of the total of 94 cases. It seems to us that such a 
high false positive rate for biopsy precludes its 
usefulness as an absolute diagnostic procedure, but 
it is useful to confirm the presence of esophagitis 
which has already been seen at endoscopy. This 
study in infants and children is in contrast to those 
in adults’* which report a high correlation with 
biopsy. 


Gastroesophageal reflux in infants and children is 
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a challenging diagnostic problem. The clinical fea- 
tures are of foremost importance and the barium 
swallow may not be diagnostic. The presence of 
esophagitis and ulceration is best determined by 
esophagoscopy with confirmatory biopsy. Endo- 
scopic examination gives valuable information in 
guiding the clinician in management, especially in 
cases which are complicated or are diagnostic prob- 
lems, eg, in repaired tracheoesophageal fistula, 
where there is aspiration pneumonitis or where 
asthma is thought to be on the basis of inhalation or 
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in patients who have cyanotic or apneic attacks. 
The added information that esophagitis from reflux 
is present is also valuable in patients being con- 
sidered for antireflux surgery. 

Wee now favor placement of a pH probe and 
24-hour pH monitoring following the endoscopic 
assessment. We have not sufficient experience with 
pH study to correlate it with our endoscopic find- 
ings but we believe it may be another important test 
in defining the presence or absence of significant 
gastroesophageal reflux. 
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LURIE LIBRARY FUND 


Many inquiries have been made about a memorial fund to which friend: and colleagues of Dr. Moses Hyman Lurie could contribute. 
Shortly before his death Dr. Lurie established a modest fund for the purchase of books in Otolaryngology for the Library at the 
Massachusetts Eye and Ear Infirmary. The Library Committee of the Infirmary has verified that donations can be made in memory of Dr. 
Lurie to this fund. Contributions may be sent to the “Lurie Library Fund,” n care of Mr. Charles Snyder, Librarian, Massachusetts Eye 


and Ear Infirmary, 243 Charles St., Boston, MA 02114. 
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THE CRICOPHARYNGEUS IN THE NEONATE 


TIMOTHY J. REICHERT, MD 


KENNETH D. FAW, MD 


St. Lours. MISSOURI 


The cricopharyngeus muscle in neonates and infants has net been well established. It is found, like other laryngopharyngeal structures 


in infants, to be relatively much larger than its counterpart 
sphincter function. It also varies significantly 


in tae adult but not large enough to correlate with the total length of reported 
in size, and therefore probably does not contribute completely to the function of the upper 


esophageal sphincter. Its relationship to airway protection, regurgitation and respiration needs to be more thoroughly studied. 


In 1717, Valsalva! first described the crico- 
pharyngeus muscle and distinguished it from the in- 
ferior pharyngeal constrictor. Killian? in 1908 later 
subdivided the cricopharyngeus muscle into its two 
portions: the pars obliquus and the lower pars fun- 
diformis. He felt the pars fundiformis was a con- 
strictor and the muscle which formed the lip of the 
esophagus and acted to close the mouth of the 
esophagus. He also found in his dissections no defin- 
ite anatomic division between the pharynx and the 
esophagus, but was able to separate distinctly the 
pars obliquus from the pars fundiformis. 


More recent studies have concentrated on the 
neuromuscular dysfunctions of the upper esopha- 
geal sphincter. Cohen’s observations’ regarding 
neuromuscular cysfunction in swallowing and 
Kirchner’s studies* on the cricopharyngeus in dogs 
have been major examples. 


Review of the literature, however, reveals a 
paucity of information regarding the anatomy of 
the cricopharyngeas muscle in infants and children. 
Other parts of the laryngopharynx, the larynx, posi- 
tion, and anatomy have been noted to be signifi- 
cantly different im infants than in adults. An ade- 
quately functioniag sphincter system of the upper 
esophagus would seem extremely important in 
neonates since their diet is liquid and their 
predominantly supine position would make regurgi- 
tation a significant possibility and increase the risk 
of tracheobronchial tree aspiration. This report, 
therefore, focuses on an anatomic study of the 
cricopharyngeus muscle. Results of this pilot study 
are presented, their significance related to reported 
esophageal motility studies, and differences from 
adult studies regarding the site of the sphincter are 
discussed. 


METHODS 


Six laryngopharynges from neonates were obtained for studv. 
The specimens were olstained by transecting the cervical esopha- 
gus and trachea at the eval of the fourth tracheal ring and dissect- 
ing it from the vertebral fascia superiorly to the level of the hyoid 


bone. The pharynx was then transected above the level of the 
hyoid bone and placed in formalin. Gross dissections were per- 
formed utilizing a dissecting microscope as demonstrated in 
Figure 1. The pharynx was inspected first posteriorly to identify 
the inferior border of the median raphe. The cricopharyngeus 
muscle was then identified at its origin at the cricoid and followed 
posteriorly to the median raphe. Its superior and inferior borders 
were defined from this dissection. Vertical dimensions in the pos- 
terior midline measured under the microscope, gross relations to 
the cricothyroid muscle, the superior thyropharyngeus and in- 
ferior circular esophageal fibers were noted. 


Vertical muscle segments were then taken from the specimen 
from the upper esophagus to the superior border of the cricophar- 
yngeus for histologic studies as seen in Figures 2 and 3. Measure- 
ments were made of the specimens prior to embedding in order to 
identify the level of the cricopharyngeus on the slides. The 
specimens were stained with hematoxylin and eosin and inspected 
for myenteric plexuses. 


RESULTS 


Gross Anatomic Directions. The superior to in- 
ferior height of the cricopharyngeus muscle was 
noted to vary from 1.9 to 4.5 mm as summarized in 
Table 1. It was found to have a horizontal direction 
in two cases and an oblique direction from postero- 
superior to anteroinferior in four cases. The muscles 
blended continuously with the circular esophageal 
fibers below and the thyropharyngeus muscle 
above. The median raphe of the thyropharyngeus 
muscle above was easily identified in all specimens. 
No obvious oblique fibers of the cricopharynx that 
inserted into the median raphe were noted. The 
cricopharyngeus muscle was not overlapped by the 
thyropharyngeus nor did it overlap the circular 
esophageal fibers. The Killian-Jamerson area was 
noted to be prominent in only one specimen and the 
Lamier area below the cricopharyngeus on the pos- 
terior wall was easily identified in each specimen. 


Histologic Studies. Specimens were inspected for 
myenteric plexuses. Myenteric plexuses were noted 
only in the area of the superior esophagus and none 
was seen in the area of the cricopharyngeus. Nu- 
merical counts were not performed of myenteric 
plexuses but rather their existence or absence was 
noted. 


From the Division of Pediatric Otolaryngology, St. Louis Children’s Hospital, St. Louis, Missouri. 
Presented at the meeting of the American Broncho-Esophagological Association, Palm Beach, Florida, April 12-13, 1980. 
REPRINTS — Timothy J. Reichert, MD, 777 South New Ballas Rd., St. Louis, MO 63141. 


446 


Ne 


`~ 


CRICOPHARYNGEUS 447 


TABLE 1. SUMMARY OF GROSS ANATOMIC FINDINGS 
OF THE CRICOPHARYNGEUS IN THE NEONATE 


Age According to Maximum 


Estimated Vertical Dimension Direction of 
Gestational Age (wk) of Muscle (mm) Muscle Fibers 
21 4.5 Oblique 
23 2.0 Transverse 
25 1.9 Transverse 
27 2.2 Oblique 
30 4.5 Oblique 
3l 4.4 Oblique 
DISCUSSION 


Function of the Cricopharyngeus Muscle. Most 
studies in infants and indeed in adults regarding the 
cricopharyngeus muscle are related to the phys- 
iology and pathophysiology of the laryngopharynx 
in deglutition. Killian? in his description was im- 
pressed on hypopharyngeal examination that, upon 
drawing the larynx forward, a portion of the 
pharynx immediately posterior to the larynx was 
also drawn forward. Even by grasping the cricoid 
cartilage with a hook through a tracheotomy and 
exerting intense traction, the entrance to the esoph- 
agus could not be made to gap. On gross dissections 
he found circularly arranged fibers in the muscle 
arising from the cricoid and looping around the en- 
trance to the esophagus which he felt “guarded the 
entrance to the esophagus.” Later, Jackson and 
Jackson termed this guardian to the esophagus, 
Bab el Mandeb (gate of tears), because of the 
danger of perforating the esophagus at this point 
during esophagoscopy. He also noted the effec- 
tiveness of the cricopharyngeus in its ability to force 
foreign bodies from the pharynx into the esophagus, 
resulting in the high incidence of retained foreign 
bodies immediately below the cricopharyngeus 
muscle. 


The cricopharyngeus muscle has primarily been 
stucied as a sphincter related to deglutition. It must 
opez at the proper time to allow a bolus to pass 
frac the pharynx into the esophagus and then close 
to p-event regurgitation while the bolus is moved by 
peritalsis through the esophagus toward the stom- 
ach. Indeed, it is so effective in this role that regur- 
gitajon will not occur in man even while swallow- 
ing with one’s head down. 


However, the cricopharyngeus or the upper eso- 
phazeal sphincter in addition has a second and per- 
haps equally important role in protecting the air- 
way from regurgitation. Euler et al® reported that 
som= 17 of 30 children with recurrent pulmonary 
dise=se were found to have evidence of gastroeso- 
phageal reflux. In evaluating these patients with 
radibgraphic, manometric and endoscopic studies 
the efficiency of the lower esophageal sphincter was 
four d to be defective in 17 patients and a diagnosis 
of gastroesophageal reflux made. Other reports and 
studies have also implicated tracheobronchial aspir- 
ation from regurgitation in cases of recurrent pul- 
monary disease, wheezing, and cough in children as 
well as adults. In addition in a recent study, injec- 
tion of milk into the tracheas of piglets produced 
resp ratory arrest, while injections of saline in con- 
trol animals have produced no changes in respir- 
atiom. Such information raises the possibility of tra- 
cheabronchial tree aspiration contributing to the 
syndrome of sudden death in infants under six 
morchs of age.’ 


Six of the Upper Esophageal Sphincter. Recent 
authors had disputed the question of the actual site 
of the upper esophageal sphincter. Batson? in an in- 
teres-ing study of cadavera noted a prominent bar 
protruding into the pharynx in adults. The bar was 
formed by the cricopharyngeus muscle. He noted in 





Fig. 1. A) Dissected laryngopharynx with the superior border of the sricopharyngeus muscle outlined with a black band. 
The oblique direction is easily noted from the posterosuperior on the lef to anteroinferior on the right. B) Posterior view of 
the pharynx. The median raphe is marked by a black band and the crEopharyngeus is noted between two arrows. 
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Fig. 2. Low power of a histologic section. The thicker 


cricopharyngeus (CP) is seen at the top while the thinner 
superior esophagus is seen at the bottom. (x40) 


a study of dogs in the laboratory, that the crico- 
pharyngeus became markedly more prominent af- 
ter formalin was injected intravenously. In one pic- 
ture provided by Batson the muscle actually mea- 
sured 8 mm high by 12 mm in thickness. 


Other authors have noted a hypopharyngeal bar 
on endoscopic anc radiologic contrast studies. The 
significance of this hypopharyngeal bar has been 
widely disputed, however. As many as 72% of pa- 
tients with no symptoms have been noted to have 
this hypopharyngeal bar on contrast studies.’ 
Others"? have noted the indentation to be present in 
as few as 5% and felt that the finding was definitely 
pathological. 


Zaino et al'' felt the sphincter zone was below the 
level of the cricopharyngeus and demonstrated the 
difference on anatomic studies as well as radio- 
graphic studies. They noted and demonstrated a hy- 





3. ih po power section of Figure 2. The ganglion 
cells Said y the arrow are seen between the circular 
and longitudinal muscle bundles. (x350) 


popharyngeal bar with a contracted sphincter zone 
below. They felt the zone of elevated pressure was 
below the cricopharyngeus muscle. Gates’? in 1979 
also presented evidence to argue for contribution of 
the upper esophageal muscle fibers to what he 
termed the pharyngoesophageal sphincter. He felt 
the zone of high pressure extended beyond the iso- 
lated cricopharyngeus muscle. Leavitt et al"? noted 
the high pressure zone of the esophageal sphincter 
measured approximately 2-4 cm in distance but felt 
this did not correlate with the actual anatomic 
sphincter length of 1-2 cm (the length of the crico- 
pharyngeus muscle in the adult) because of the arti- 
fact created by catheters necessary for the motility 
studies. Furthermore, he felt the laryngeal motion 
altered and increased the length of the sphincter 
zone. Cohen and Wolf" in an excellent study com- 
bining pressure and cineradiographic recordings in 
the esophagus identified a high pressure zone at the 
site of the cricopharyngeus and correlated this with 
contrast studies. However, they did not discuss the 
length of the segment or relationship of the length 
of this contracted segment with the width of the 
cricopharyngeus muscle. 


Gryboski'* noted in studies of neonates as well as 
premature infants that the upper esophageal 
sphincter zone varied in length from 0.5 to 1 cm, an 
area much longer than that comprised by the crico- 
pharyngeus muscle. She did note the constancy of 
results in motility studies which not only included 
measurements of the upper esophageal sphincter 
but esophageal motility in lower esophageal sphinc- 
ter function as well. She also noted an increase in 
tone of the lower esophageal sphincter in neonates 
60 to 72 hours after birth. Interestingly, there was 
no related increase in tone of the upper esophageal 
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sphincter either in the study group as a whole or 
those who seemed to have poor lower sphincter 
function. 


The use of formalin in this study may also have 
affected the measurements of cricopharyngeus size. 
As noted previously, Batson® viewed a change in the 
size of the hypopharyngeal bar while freshly sacri- 
ficed dogs were perfused with formalin. Formalin, 
however, does allow dissection of small structures 
because it fixes the tissue. Zaino et al'! found they 
could not utilize fresh infant pharynges for gross 
anatomic studies; initial dissections with fresh 
specimens of the present study confirmed this find- 
ing. 


The present anatomic study then correlates well 
with previous physiologic and other anatomic 
observations made by those studying adults. 
Though the cricopharyngeus muscle seemed to have 
a great variation in width even at its maximum, it 
does not seem to be large enough to contribute to 
the total upper esophageal sphincter function found 
in infants. It does have a large enough variation in 
its dimensions to raise questions about its consistent 
effectiveness as a sphincter if considered alone. 
However, not enough information is available to 
speculate further on this issue. 


The significance of the myenteric plexus related 
to the pharynx and esophagus has not been well de- 
lineated. The present study confirms the findings of 
Zaino et al'' whose histologic studies were almost 


exe aisively related to infants. They found a lack of 
myenteric plexuses in the pharynx and cricopharyn- 
geus muscle. Since other sphincters in the gastroin- 
test.nal tract are noted to have markedly increased 
nurzbers of ganglion cells, Zaino et al used this in- 
formation to confirm their feeling that the upper 
esoshageal sphincter was located in the upper eso- 
gus and not at the cricopharyngeus. 








The presence or absence of myenteric plexuses, 
however, may be of questionable significance. The 
myenteric ganglion plexuses of Auerbach which oc- 
cur within the muscles are noted to be primarily 
asscciated with the smooth musculature. Smooth 
musele does appear in the cervical esophagus to a 
mirimal degree and is either between the muscular- 
is mucosa and the circular fibers or between the cir- 
cular fibers and transverse fibers. It would seem 
tha: the amount of smooth muscle and the numbers 
of ganglion plexuses would have to be correlated in 
order to associate properly the ganglionated plex- 
use: with the site of an upper esophageal sphincter. 


Ix addition this area has embryological contribu- 
tiors from the fifth and sixth branchial arches and it 
woald seem logical that a major portion of the ef- 
ferent nerve supply would be controlled by the nu- 
clews ambiguus. Indeed, studies have demonstrated 
the effect of the nucleus ambiguus and vagus nerve 
on his area. Since in other animals and in other 
studies the sphincter function has been related to 
respiration as well as vagus nerve section, the 
pheryngoesophageal sphincter most probably has a 
cranial nerve supply. 
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NCIDENCE OF PULMONARY SYMPTOMS IN INFANTS 


EVALUATED FOR ESOPHAGEAL DISEASE 
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Of 62 children «1-24 months of age) evaluated for esophageal disease, 22 were found to have pulmonary symptoms of apnea, 
pneumonia, wheezing, cyanosis, cough and stridor. Upper gastrointestinal series showed free gastroesophageal reflux in 10 of 22 infants; 3 
were thought to have stricture. Acid-reflux test was positive in 13 of 15 and correlated with the presence of esophagitis in 12. In addition to 
esophagitis, endoscopic examination found two foreign bodies and an esophageal stricture unrecognized during fluoroscopy. Endoscopic 
grasp biopsy was inadequate in most infants for the histologic evaluation of esophagitis. However, suction biopsy correlated well with en- 
doscopically diagnosed esophagitis. In infants where medical therapy failed and symptoms were life-threatening, a Nissen fundoplication 
resulted in excellent resclution of symptoms. In children who present with prolonged and often life-threatening symptoms, esophageal 


dysfunction should be evaluated by rigorous testing. 


INTRODUCTION 


With the increasing awareness of gastroesopha- 
geal reflux (GER, more infants are being referred 
for the evaluation əf esophageal dysfunction. The 
complications of :his can be severe and include fail- 
ure to thrive, iron deficiency anemia, esophagitis, 
esophageal stricture, developmental delay and San- 
difer’s syndrome.'** Recently, reports in children 
and adults have linked esophageal dysfunction with 
pulmonary disease, especially asthma, recurrent 
bronchitis and ehronic pulmonary infections.*° 
Case reports have attempted to associate GER with 
the sudden infant death syndrome (SIDS).*° In the 
pediatric literature, there are relatively few reports 
of infants with escphageal disease which present 
mainly with pulmonary complaints. *"' The study 
reported here reflects our experience. 


METHODS 


Sixty-two infants sage 1-24 months) were referred to the 
Pediatric Gastroenterology Service at Rainbow Babies and 
Childrens Hospital fom September 1977 to August 1979 for 
evaluation of esophageal disease. Symptoms referrable to 
esophageal dysfunctien included vomiting (33), hematemesis 
(11), dysphagia (15), odynophagia (6) and abnormal deglutition 
(2). Of these 62 infants, 22 also had pulmonary complaints and 
are the subject of this study. 


Evaluation includec barium swallow and upper gastrointestin- 
al series in all patients. Presence or absence of pharyngeal 
dysfunction was notec during deglutition. In addition to observ- 
ing the presence or absence of spontaneous reflux of barium, the 
patients were studied in both the upright and supine positions and 
during maneuvers to mcrease abdominal pressure. 


Acid-reflux tests were performed in 15 of these patients accord- 
ing to the method of Euler as modified for children.'? Gastroeso- 
phageal reflux was ceasidered present if esophageal pH dropped 
below four on two occasions. In addition, all symptoms occurring 
during episodes of reflux were recorded and the ability of the in- 
fant to clear acid was. assessed with glucose water-feeding. 


Esophagoscopy was:performed with an Olympus GIF-P, fiber- 


optic endoscope. Preparation for the procedure included sedation 
with intravenous meperidine, 1-2 mg/kg and 0.5-1.0 mg/kg of 
diazepam." All patients had had nothing by mouth for at least 
four hours prior to esophagoscopy. A specially trained pediatric 
nurse was present during the procedure. Esophagitis was diag- 
nosed endoscopically if erythema and friability or frank ulcera- 
tion and exudation were present. Ten biopsy specimens were 
taken by grasp forceps (Olympus FB14K) during the procedure. 
Four biopsies were taken under direct endoscopic vision using the 
Rubin multipurpose biopsy with a 1.6 mm port. Specimens were 
mounted on a monofilament nylon mesh and fixed in Bouin's solu- 
tion.'* Microscopically, esophagitis was defined by the presence of 
polymorphonuclear leukocytes and/or lymphocytes in the lamina 
propria, basal cell hyperplasia of the squamous epithelium and 
changes in the height of the dermal papillae.'* 


RESULTS 


Thirty-five percent of infants referred for evalua- 
tion had pulmonary symptoms, many of which 
were life-threatening (Table 1). Table 2 gives the 
age, sex and results of the esophageal evaluation of 
these infants. 


Gastroesophageal reflux during barium fluor- 
oscopy was demonstrated in 10 of 22 infants. No pa- 
tient had any evidence of antral, pyloric, duodenal 
or small bowel obstruction. No documentation of 
symptoms associated with reflux was made at the 
time of fluoroscopy. A possible stricture of the mid- 
esophagus was seen on fluoroscopy in one infant 
and was confirmed by endoscopy. Hiatal hernia 
was noted radiographically in one infant. One child 
was noted to have an irregular mucosal pattern of 


TABLE 1. PULMONARY SIGNS AND SYMPTOMS IN 


INFANTS (N = 62) 


Apnea 9 Cough 2 
Pneumonia 9 Stridor l 
Wheezing 6 Tachypnea l 
Cyanosis 6 


From the Department of Pediatrics, Case Western Reserve University and Rainbow Babies and Childrens Hospital, Cleveland, Ohio. 
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TABLE 2. RESULTS OF ESOPHAGEAL EVALUATION IN IMFANTS WITH PULMONARY SYMPTOMS 


—— E ee 
Case Age (Mo) Sex Esophagogram Tuttle Endoscopy Dx 
Pos LES/Inf Inf 


l 2 F Reflux 

2 3 F Normal Pos LES/Inf NPD 

3 l M Reflux Pos LES/Inf NPD 

4 7 M Reflux Pos LES/Inf NPD 

5 8 F Reflux Pos Patulous LES ND 

6 24 M Hiatal hernia without Pos Inf/Hiatal hernia Inf 

reflux 

7 18 F Irreg, esophagus ND FB with ulcer ND 

8 5 M Normal Neg LES/Inf ND 

9 l F Reflux Pos Milk-coated esophagus NPD 
10 7 M Normal Pos LES/ Inf Inf 
11 6 F Normal Pos LES/Inf ND 
12 6 M Reflux ND LES/Inf NPD 
13 12 M Reflux ND LES/Inf ND 
14 3 M Reflux Pos LES/Inf NPD 
15 12 F Esophageal stricture Pos Stricture NPD 
16 2 F Reflux ND Inf ND 
17 2 M Normal Pos Inf NPD 
18 18 M Soft-tissue swelling ND FB ND 
19 12 M Normal Neg Inf Inf 
20 8 F Normal Pos Inf NPD 
21 T M Reflux Pos Patulous LES ND 
22 4 M Normal ND Blood in esophagus NPD 


ND - Not done; NPD - No pathologic diagnosis; FB - Foreign body; LES - Lower ewphageal sphincter; Inf - Inflammation. 


his esophagus just below the thoracic inlet with an 
area of increased opacification. Endoscopic exam- 
ination identified a foreign body which was re- 
moved with a basket forceps. An additional child 
was noted to have an irregular mucosal pattern 
with a narrowed esophagus, but no foreign body 
was visualized radiographically. Additionally, 
there was soft-tissue swelling with compression of 
the membranous portion of the trachea. An em- 
bedded plastic foreign body was found at en- 
doscopy. 


Thirteen of 15 infants tested had positive acid- 
reflux tests. Informal observation of symptoms at 
time of reflux was dramatic in many infants. Apnea 
with low pulse rate, opisthotnic posturing, extreme 
irritability and tachycardia and flushing were seen 
variously in eight children. These observations 
often correlated with the presenting clinical com- 
plaints. 


Esophagogastroduodenoscopy revealed the fol- 
lowing abnormalities: clinical esophagitis (15), for- 
eign body (2), patulous lower esophageal sphincter 
with bile reflux (2), esophageal stricture (1) and 
hiatal hernia (1). The last child had blood on the 
esophageal walls without evidence of a bleeding le- 
sion. Later at bronchoscopy he was found to have a 
bleeding pulmonary hemangioma. 


Twelve of 14 children with endoscopically diag- 
nosed esophagitis had biopsies performed. Seven of 
eight biopsies performed using the FB14K grasp 
forceps were poorly suited for morphologic inter- 
pretation because of crush artifact and small tissue 
samples. One did show acute inflammation. Eso- 
phageal suction biopsies were performed in four pa- 


tients Histologically, three showed changes of 
acute and/or chronic inflammation. Suction biop- 
sies were uniformly superior for morphologic eval- 
uatier of esophageal histology. 


Mazaagement of Symptoms (Table 3). Most in- 
fants were given a trial of medical management for 
GER which included upright posturing and thick- 
ened ceeds. If esophagitis was present, antacids 
were ased with a modified Fordtran regimen for a 
minimun of six weeks.'® Caloric support was pro- 
vided by parenteral nutrition in patients with fail- 
ure to thrive and intractable GER. Eight of 22 in- 
fants -mproved with medical management. These 
tendec to be infants who were less ill on presenta- 
tion aud who responded promptly to medical thera- 
py. Nc infants in this group had apnea after therapy 
was irštiated. At follow-up, none have had pulmo- 
nary ecmplaints. Nissen fundoplication was per- 
formed if GER was unresponsive to medical man- 
agement. Ten infants required surgical interven- 
tion. “hese were infants most at risk for SIDS — 
those with apnea and/or recurrent pulmonary con- 
solidation. Two infants with foreign bodies were 
treatec with endoscopic removal and prompt reso- 
lution of symptoms. Two infants who had a Nissen 
fundoplication died more than six months after the 
operat.on, one from carbon monoxide poisoning 
and the second with intractable seizures and a car- 
diopul monary arrest. At follow-up, the remaining 
patien s are asymptomatic and thriving. One pa- 
tient Ga medical therapy left the hospital against 
medical advice and follow-up was not available. 








DISCUSSION 


It is important that physicians be aware that 
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TABLE 3. MANA GZMENT OF PULMONARY SYMPTOMS 
AND ESCPHAGEAL DISEASE IN INFANTS 


Duration 
Major of 
Case Pulmenary Symptoms Symptoms Management 


1 Apnea, cyanosis, acute 2-3 weeks Med 
pneumoria 
2 Apnea, chronic pneu- 3 months Med 
monia 
3 Apnea, cyanosis Days AMA 
4 Apnea, wheezing, 5 months Nissen 
chronic pneumonia 
5 Apnea, cyanosis 2 weeks Nissen 
6 Chronic pneumonia 18 months Nissen 
7 ~~ Stridor 6 months FBR 
8 Acute preumonia 2 months Med 
9 Apnea Days Med 
10 Wheezing, acute pneu- 5 months Med 
monia 
11 Wheezing 5 months Med 
12 Wheezing 4 months Nissen 
13 Cough 12 months Med 
14 Apnea, cyanosis 3 months Nissen 
15 Cough 1 month Nissen 
16 Apnea, cyanosis, acute Days Nissen 
pneumonia 
17 Apnea, cyanosis, tach- 2 months Nissen 
ypnea 
18 Wheezing, dysphagia 5 months FBR 
19 Chronic pneumonia 3 months Med 
20 Wheezing 4 months Missen 
21 Chronic pneumonia 7 months Nissen 
22 Wheezing 1 month Med 


Med - Medical marragement; AMA - Discharged against medical advice; 
Nissen - Nissen fundoplication; FBR - Foreign body removed. 


esophageal disease can cause a variety of respiratory 
symptoms. In cur experience, the most common res- 
piratory complaints were apnea, pneumonia and 
wheezing. The most common clinical presentation 
in those infants less than six months of age was 
apnea and pneumonia; and in those greater than six 
months wheezing and vomiting. 


In the present study, 86% of infants with pul- 
monary symptoms tested had positive acid-reflux 
tests. All had an abnormality at the time of endo- 
scopy. These tindings support the hypothesis that 
reflux of gastric contents can play a significant role 
in the development of respiratory symptoms and 
even respiratory arrest. Several mechanisms have 
been postulated Downey and Lee have demon- 
strated the chemosensitivity of the larynx in 
newborn piglets by instilling H,O or milk which 
produced a reflux central apnea. A similar reflex 
has been reproduced in newborn lambs.'* However, 
central apnea could not be reproduced in older pig- 
lets.” Of interest, older infants in this series did not 
present with aprea, but rather were more likely to 
present with wheezing, cough or recurrent pneu- 
monia. 


Another life-chreatening mechanism that has 
been identified is secondary to reflux of gastric con- 
tents into the posterior pharynx, resulting in laryn- 
gospasm. Pathologic specimens from children dying 


with SIDS supports the view that gastric contents 
need not be aspirated to cause death.'? Our observa- 
tions during the acid-reflux tests demonstrated 
apnea, opisthotnic posturing, tachycardia and 
rapid fall in pulse rate when esophageal pH 
dropped to less than four. The above findings are 
reinforced by the epidemiologic data that note the 
peak age of SIDS is less than six months, that it fre- 
quently occurs in infants who have been recently 
fed and 25-45% of these patients had respiratory 
symptoms which may have been unrecognized se- 
quelae of GER.''*°?! Two of our patients with 
apnea had siblings who died of SIDS. 


The association of GER with recurrent pulmon- 
ary disease has been made previously in adults and 
children.®:''?,3 Gastric contents may be aspirated 
and cause obstruction to air flow, leading to respi- 
ratory compromise, pneumonia and possible car- 
diac arrest. Reflux with aspiration has been demon- 
strated in newborns with chronic pulmonary 
disease.? The large number of children with 
pneumonia and positive acid-reflux tests lends addi- 
tional support to that hypothesis. 


Two of our cases also point out that esophageal 
foreign body must be considered in infants who pre- 
sent with respiratory symptoms. Esophageal foreign 
body can cause a variety of respiratory symptoms 
and is most commonly reported in children less than 
three years of age. The most frequent site of foreign 
body impaction is the cervical esophagus just below 
the cricopharygeus constrictor at the thoracic 
inlet.2* This lesion is not always appreciated with 
radiographic studies. Newman has noted that respi- 
ratory symptoms may be caused by: 1) compression 
of the soft membranous portion of the posterior 
trachea; 2) aspiration of contents secondary to 
esophageal obstruction; 3) direct extension of the 
inflammatory process from esophagus to trachea, 
causing compression; or 4) erosion of foreign body 
into trachea, causing tracheoesophageal fistula for- 
mation and obstruction of the trachea.”® 


Esophagoscopy, when performed in association 
with the acid-reflux test in this study, added 
another dimension to the evaluation of the esopha- 
geal-related disease. Ten of 13 infants with positive 
acid-reflux tests had clinical esophagitis. However, 
this finding was not confirmed with esophageal 
grasp biopsy. Limited by the 2 mm size of the grasp 
forceps, only superficial specimens could be taken 
and morphologic evaluation was very difficult. The 
poor correlation between biopsy findings and the 
endoscopic presence of esophagitis was corrected 
with the use of suction-type biopsies. 


In conclusion, we have found that 1) respiratory 
disease associated with esophageal dysfunction is 
common in a large pediatric center; 2) infants with 
esophageal disease often present with pulmonary 
symptoms; 3) infants younger than six months are 
more likely to present with apnea and pneumonia, 
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while those older than six months present with 
wheezing and vomiting; 4) GER should be sus- 
pected as a cause of SIDS, especially when acid-re- 
flux test is positive and esophagitis is present; 5) for- 
eign body should be considered in any child who 


presents with prolonged respiratory symptoms; and 
6) grasp biopsy appears to be an inadequate tech- 
niqu: for evaluation of infant esophageal mucosa 
beca ise of crush artifact, poor orientation and the 
limited depth of the biopsy. 
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During the decace of the 1970s, the Department of Otolaryngology at the Los Angeles County - University of Southern California 
Medical Center encountered 58 patients who required tracheotomy for laryngeal stenosis secondary to endotracheal intubation. This in- 
cluded 19 children aad 39 adults. We treated 50 of these patients, of whom 35 (70%) were decannulated after endoscopic management 
alone. One other patient could have been decannulated but needed the tracheotomy for medical reasons. Two others will probably be 
decannulated in the aear future. Eight patients underwent open reconstructive procedures. 


Laryngeal sterosis as a complication of endotra- 
cheal intubation cevelops in only a small percen- 
tage of intubated patients. When it does occur, 
however, it presents difficult and frustrating prob- 
lems for both the patient and the physician. During 
the decade of the 1970s, we saw a large number of 
patients at the Los Angeles County - University of 
Southern California Medical Center who had sus- 
tained trauma tc the larynx from intubation. Many 
of these could be managed without tracheotomy, 
but 58 patients did require tracheotomy. In this 
paper we are reporting our experiences, good and 
bad, with these 58 patients. 


AGE AND SEX DISTRIBUTION 


seventeen patients were five years of age or 
younger. Fifteen of these were under one year and 
ten were under cne month. Two patients were nine 
years old. Twenty-seven were between 16 and 40 
years, and 12 were over 40 years of age. In the re- 
mainder of this paper, those patients under 15 years 
of age will be referred to as children and those over 
15 as adults. 


There were 38 females and 20 males. Among the 
children, the distribution was almost even, 9 
females and 10 males, but adult females out- 
numbered adult males almost three to one, with 29 
females to 10 males. 


CONDITIONS REQUIRING INTUBATION 


The most common condition overall for which in- 
tubation was required was a medical illness, ac- 
counting for 22 patients. The second most common 
condition was drug overdose in 19 patients. Twelve 
patients were intubated for various types of trauma, 
while five were intubated for postsurgical com- 
plications. Fourteen of the 22 with medical illnesses 
were children. Ten of the 14 were neonates with 
respiratory distress syndrome. Five of these ten 
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were intubated with Cole tubes. As reported in an 
earlier publication,' Cole tubes resulted in a high 
incidence of laryngeal stenosis on the newborn ser- 
vice at our institution until their use was discon- 
tinued in April 1971. Of the other 5 children, 3 
were intubated for trauma, 1 for drug overdose, 
and 1 for postsurgical complications. 


Among adults, the most common condition was 
drug overdose in 18 patients, compared to 9 with 
trauma, 8 with medical illness, and 4 with post- 
surgical complications. The high incidence of drug 
overdose accounts for the three to one ratio of 
females to males in our adult patients, because all 
but one of our drug overdose patients were females. 
The smaller female larynx, sometimes cited as a 
reason for a larger proportion of females with 
postintubation stenosis,?*> may or may not have 
been a factor in our series. 


FACTORS IN INTUBATION STENOSIS 


In the adults, duration of intubation varied from 
less than 1 day to 20 days, with an average of 6.5 
days. The average duration for the 19 children was 
15 days. Among the 10 neonates, 1 who developed 
central nervous system problems was intubated for 
90 days; the other 9 averaged 17 days. The nine 
children older than one month averaged only five 
days of intubation. 


A number of our patients, especially those with 
longer periods of intubation, had several extuba- 
tions and reintubations. Some also had histories of 
difficult and probably traumatic intubations. Other 
factors which we were unable to determine in many 
patients were the size and type of endotracheal tube 
used. Although these are not as easy to measure as 
duration of intubation, all are important causative 
factors in stenosis of the larynx. 


From the Department of Otolaryngology, University of Southern California School of Medicine, Los Angeles, California. 
Presented at the meet:ng of the American Broncho-Esophagological Association, Palm Beach, Florida, April 12-13, 1980. 
REPRINTS — Donaid B. Hawkins, MD, 1200 North State Street, Box 296, Los Angeles, CA 90033. 
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Fig. 1. A) Glottic stenosis: a fibrous band extending be- 
tween the vocal processes of the arytenoid cartilages 
preventing abduction of the vocal cords. B) Glottic 
stenosis: submucosal accumulation of scar tissue in the in- 
terarvtenoid space preventing abduction of the vocal 
cords. This is more subtle than the fibrous band and more 
difficult to identify. (Reprinted with permission, *) 


TYPES OF STENOSIS 


In 16 patients, scarring at the glottic level pre- 
vented sufficient abduction of the vocal cords to 
maintain an airway. Stenosis at this level alone was 
found in one child and 15 adults. Subglottic stenosis 
was found in 18 patients, 8 children and 10 adults. 
Seventeen patients, nine children and eight adults, 
had combined glottic and subglottic stenosis in 
which the obstruction at either level would have 
been sufficient to have required tracheotomy. Of 
the 9 children with combined stenosis, 6 had been 
intubated with Cole tubes, the 5 neonates men- 
tioned earlier and 1 intubated for postsurgical com- 
plications. A seventh had been intubated with a 
rubber endotracheal tube. Only two children de- 
veloped this more severe type of stenosis from 
polyvinylchloride uniform-diameter tubes that 
have been used almost exclusively in pediatrics for 
the past several years. Both were burn victims with 
apparent heat damage to their larynges. 


In three adults, large granulations or granulomas 
in the subglottic area produced airway obstruction. 
These arose principally from the arytenoid vocal 
processes, and the posterior and lateral portions of 
the cricoid cartilage. In addition to these three in 
whom granulations were the obstructing element, 
some of the patients with glottic and subglottic 
stenosis also had granulations which were not ob- 
structive. Acute chondritis involving the cricoid 
cartilage and vocal processes of the arytenoids with 
tissue swelling, exudate, and granulations con- 
stituted the obstruction in one child and three 
adults. 


Considering glottic stenosis, isolated scar tissue 
bands between the vocal cords (Fig. 1A) were found 
in six adults and one child as the only obstructing 
element. Isolated bands were also the glottic com- 
ponent of combined stenosis in two children. 


A more subtle type of submucosal scarring (Fig. 
1B) may develop in an interarytenoid area ulcer- 
ated by an endotracheal tube. Submucosal inter- 
arytenoid scarring was the cause of pure glottic 
stenosis in 9 adults and as the glottic component of 
combined stenosis in 8 adults and 7 children. 


MANAGEMENT 


Eight patients, seven children and one adult, 
were not treated by us for correction of their 
laryngeal stenosis. The 7 children, 2 with subglottic 
stencsis and 5 with combined stenosis, were all 
uncer one year of age. Three died of complications 
of their underlying disease; four moved or were 
transferred elsewhere. Of these 4, we have learned 
that | was decannulated at 18 months of age, 1 died 
of tracheotomy tube obstruction, and 2 still have 
tracheotomies at eight years of age. The one adult 
hac eombined stenosis. She was 77 years old and in 
pocr medical condition, so we elected not to try to 
correct her stenosis. Of the 50 remaining patients 
whom we treated, 16 had glcttic stenosis, 16 had 
subg.ottic stenosis, 11 had combined stenosis, 3 had 
granalations, and 4 had acute chondritis. 


Our method of managing patients with laryngeal 
stencsis has been described in a previous publica- 
tion.’ We examine each patient closely for glottic 
scarring as well as for subglottic and tracheal in- 
volvement. We attempt to correct the stenosis by 
endoscopic management. This involves dividing 
glottic:scar tissue with a knife, and dilating the glot- 
tic and subglottic areas with Jackson laryngeal 
dilators followed by bronchoscopes. Granulations 
anc necrotic debris are removed. All dilatations in 
these tracheotomized patients are performed under 
general anesthesia with complete succinylcholine- 
indueed muscle relaxation. 


The shorter the interval between dilatations, the 
better the results are in most cases. Dilatations 
every one to two weeks is our preferred schedule, 
but for various reasons we often have to settle for 
longer intervals. In the acute cases steroids and an- 
tibioties are given for approximately two weeks. 
Pericperative steroids are given for almost all of the 
endoscopic procedures. Methylprednisolone (Depo 
Medroi® , Upjohn Co.) was injected into the stenosis 
in several patients. Although it may have helped in 
one er two patients, it did not appear to be bene- 
ficial in most. 


RESULTS 


Thirty-five of the 50 patients were able to have 
their tracheotomies removed after endoscopic man- 
agement alone. All four of the patients with acute 
chondritis and all three with obstruction due to 
granulations were decannulated in an average of 
four weeks after beginning therapy. Those with 
acute chondritis might have recovered as well with 
antikiotic and steroid treatment alone, as others 
have who did not require tracheotomies. However, 
since they had tracheotomies which provided a safe 
airway for anesthesia, we performed one or two en- 
dosecpies in each of the four to remove necrotic 
tissue, gently dilate, and to drain an arytenoid 
abscess in one. 
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Thirteen of the 16 patients with glottic stenosis 
were decannulated in an average of five weeks. All 
seven of those with isolated glottic bands were 
decannulated in an average of two weeks after be- 
ginning therapy. Of the nine patients with submu- 
cosal glottic scarring, six were decannulated after 
an average of eight weeks and four procedures. 


Of the 16 patients with subglottic stenosis, 10 had 
their tracheotomies removed after an average of 18 
weeks. This included four of six children and six of 
ten adults. 


Five of the 11 patients with combined stenosis 
were decannulated after an average of 19 weeks. 
Included were two of four children and three of 
seven adults. 


Of the 15 patients not decannulated with en- 
doscopic management, 8 underwent open recon- 
structive procedures to correct their stenosis. The 
courses of the other seven are as follows: One infant 
with subglottic stenosis from intubation as a neo- 
nate is still being dilated at seven months of age. 
Her prognosis is good for decannulation before one 
year of age. Another child with subglottic stenosis 
has an adequate airway after six months of dilata- 
tions, but decannulation has been delayed because 
of tracheomalacia at the tracheotomy site, as de- 
scribed by Crysdale.* One child with severe com- 
bined stenosis from intubation trauma superim- 
posed on heat injury to the larynx died suddenly at 
home, apparently from tracheotomy obstruction. 
He had been undergoing dilatations approximately 
every five weeks fcr three years; this was maintain- 
ing an airway for speech. He was to have an open 
procedure eventually, but his larynx was so severely 
damaged that even this probably would not have 
been successful. Another child with severe com- 
bined stenosis from. neonatal intubation with a Cole 
tube was decannulated at age three years after 
multiple dilatations. The tracheotomy had to be 
replaced one month later. She was then referred to 
Childrens Hospital of Los Angeles where she has un- 
dergone multiple dilatations and recently laser 
treatments, so far without success. 


One adult has a good laryngeal airway after two 
procedures to correct glottic submucosal stenosis. 
She could be decannulated, but she needs the tra- 
cheotomy for medical reasons. A second adult with 
combined stenosis had dilatations for one year, then 
declined a recommended open procedure. She keeps 
her tracheotomy plugged most of the time, but her 
glottic airway is not sufficient for its removal. A 
third adult, one of the earlier patients in this series, 
underwent stenting for two years without success. 
She moved to ancther city with her tracheotomy 
still in place. 


Open or external reconstructive procedures were 
performed on eight patients: all eight were adults. 
Two had glottic stenosis, four had subglottic steno- 
sis, and two had combined stenosis. 


One patient with glottic submucosal stenosis un- 
derwent external arytenoidectomy in 1972. This 
was unsuccessful because the interarytenoid scar 


declined further surgery. In 1975, another patient 
underwent a successful arytenoidectomy with sub- 
mucosal excision of interarytenoid scar tissue by a 
thyrotomy approach. 


For subglottic stenosis, our first external pro- 
cedure in 1973 was interposition of a portion of 
thyroid cartilage to the anterior cricoid ring after 
submucosal excision of subglottic scar tissue. This 
patient was ultimately successful in removing her 
tracheotomy. However, decannulation was delayed 
because of posterior glottic scarring, apparently the 
result of over one year of unsuccessful stenting 
earlier in her course. 


The hyoid bone muscle-pedicle interposition, 
popularized by Ward et alf and others,’ has been 
performed for subglottic stenosis on three patients 
in the past two years. In all three, the stenosis in- 
volved the cricoid and upper trachea. In all three 
we excised submucosal scar while attempting to 
preserve mucosa. The first was successful, but only 
after three endoscopic procedures to remove granu- 
lations and dilate a relative stenosis that developed 
at the point of scar tissue excision. In the second pa- 
tient the subglottic lumen remained open, but the 
upper tracheal stenosis re-formed. We planned to 
reoperate, but the patient died three months after 
surgery when her tracheotomy tube was removed at 
a party. The third procedure was done only a few 
weeks ago. In this one, we applied a split thickness 
skin graft over a soft stent, as advocated by Olson,’ 
after excising subglottic and upper tracheal scar tis- 
sue. It is too early to be certain of a good result, and 
we have not yet removed the tracheotomy, but the 
subglottic and tracheal lumen appears to be ade- 
quate. 


In two patients with combined stenosis we per- 
formed hyoid interposition, as for subglottic steno- 
sis, combining it with a posterior cricoid section 
through a thyrotomy approach. This technique was 
described by Reithi? and modified by Grahne.'° It 
has also been used by Crysdale and Platt,'! Fearon 
et al,? and Cotton. In this procedure, the 
posterior cricoid lamina is incised and separated 
vertically in the midline, widening the interaryten- 
oid space. In each of our patients, stents were left in 
place for two months. Both were successful with 
good glottic airways, but required several endo- 
scopic procedures to remove granulations from the 
undersurface of the interposed hyoid before the 
subglottic airways were adequate. One patient was 
decannulated four months after removal of the 
stents. The other patient kept her tracheotomy 
plugged 99% of the time and could have removed 
it, but wanted to keep it as a crutch when she felt 


LARYNGEAL STENOSIS 457 


nervous. She died of drug overdose five months 
after surgery. 


DISCUSSION 


The sequence of events leading to stenosis in- 
volves ulceration of mucosa and cartilage, inflam- 
matory reaction with granulation and fibrous tissue 
formation, and contraction of fibrous scar. The de- 
gree of stenosis depends upon the severity of injury 
and the amount of local tissue reaction. The stenosis 
becomes firmer with the passage of time. Once a 
dense fibrous stenosis has formed, it is difficult to 
correct by endoscopic measures. On the other hand, 
endoscopic dilatations started before the stenosis 
becomes firm and refractory, and repeated fre- 
quently and persistently will often be successful. 
This was the case in our series in which 35 of 50, or 
70% were decannulated by endoscopic measures 
alone. 


For maximum effectiveness, dilatations should be 
done under general anesthesia with total relaxation. 
If too gentle the dilatations will be useless; they 
must be firm to be effective. If too forceful, how- 
ever, they may aggravate the stenosis. We agree 
with Fearon et al’? that the greater the vertical ex- 
tent of the stenosis, the greater will be the problem 
with treatment. The 11 patients with combined 
glottic and subglottic stenosis were the only group 
with less than 50% success by endoscopic measures. 
Those most difficult to manage also had stenosis in- 
volving the upper trachea. 


Of the glottic stenoses, the isolated posterior band 
forms most often in patients who had elective 
tracheotomies at the time the endotracheal tubes 
were removed. This was the case with seven of nine 
patients who developed glottic bands, as pure glot- 
tic stenosis or as part of combined stenosis. In pa- 
tients with tracheotomies, the larynx is bypassed in 
breathing and the cords remain in relatively close 
approximation. Mucous and fibrinous connections 
between ulcerated vocal processes become adhe- 
sions that organize into scar tissue bands. On the 


other hand, two patients were extubated without 
tractectomy, but required tracheotomy three and 
six weeks later for airway obstruction from glottic 
bands. In both, limited activity and limited vocal 
corc abduction apparently allowed mucous connec- 
tions to persist and become fibrous bands. 





In managing isolated glottic bands, often only 
one endoscopic division of the band is necessary. 
The racheotomy is plugged the next day to insure 
laryrgeal breathing with vocal cord abduction. It is 
left ia for 7 to 14 days, however, because a second 
procedure is occasionally necessary. Glottic sub- 
mucc sal scarring, which seems to have no relation- 
ship to tracheotomy at the time of extubation, is 
more difficult to correct than glottic bands because 
it is Ess obvious. This type responds much better to 
dilatations if it is divided with a knife before 
dilat ng. 





Rezarding the use of stents or lumen-keepers, 
there is considerable difference of opinion.” Stents 
were used in two of the early patients in this series 
for over one year. Their subglottic stenoses were not 
improved, and we thought the stents had created or 
aggravated glottic scarring. Since then, we have 
used stents only after open reconstructive pro- 
cedures. Although indwelling stents are likely to ag- 
gravate glottic scarring, Goode and Shinn,'* and 
Kottom’ reported some success with stents in 
subg ottic stenosis. Their average duration of stent- 
ing was 6 to 12 months. Subtracting our two pa- 
tient; with unsuccessful stenting, 10 of 14 with 
subg ottic stenosis were decannulated after an 
average of 4'/, months by dilatations without stents. 


If after an adequate trial of dilatations, approx- 
imately four or five procedures, no improvement is 
noted, an open reconstructive procedure should be 
conssdered. From our relatively limited experience 
wit open procedures in eight patients, we prefer 
the Fyeid muscle-pedicle interposition for subglottic 
stencsis, the Rethi-Grahne posterior cricoid section 
for 2 ottic stenosis, and a combination of the two for 
com sined stenoses. 
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ADDENDUM 


Three patients who were under active treatment at the time 
this paper was presented have had changes in the status of their 
airways. The infant whose subglottic stenosis was still being 
dilated at seven mentks of age was successfully decannulated at 
ten months of age. The child whose decannulation was delayed 
because of tracheamalacia at the tracheotomy site underwent 
open resection of a necrotic depressed fragment of anterior 
tracheal wall immediately above the tracheal opening. The 
tracheotomy cannula was replaced by a nasotracheal tube at 
surgery. The aasotracheal tube was removed 24 hours later. Ex- 
cept for mild stridor with crying during the first week the patient 


t 


had no further airway difficulty. The adult patient who had a 
split thickness skin graft and hyoid interposition, and whose air- 
way appeared adequate at the time the paper was presented, 
developed another stenosis. The lower portion of the hyoid graft 
sloughed into the lumen creating an anterior stenosis. The skin 
graft took in some areas but not enough to prevent restenosis at 
the site of scar excision. He recently underwent a revision pro- 
cedure in which we opened, but did not excise, the stenosis. The 
hyoid graft was replaced by a graft of costal cartilage over a 
polyvinylchloride stent. We plan to leave the stent in place for 
several months. 


SECOND INTERNATIONAL CONFERENCE ON CHOLESTEATOMA AND MASTOID SURGERY 


The Second International Conference on Cholesteatoma and Mastoid Surgery will be held March 22-27, 1981 in Tel-Aviv, Israel 
under the auspices of Tel-Aviv University and Weizmann Institute of Science. For further information contact: Professor J. Sade, P. O. Box 


16271, Tel-Aviv, Israel. Telex: 342272 (Kenes) Tel-Aviv. 
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One hundred seventy-four consecutive cases of newborn infants who required orotracheal intubation for longer than three days were 
studied retrospectively. The duration of intubation varied from 3 to 211 days wth an overall mortality rate of 22.9% . There was one com- 
plication directly related to orotracheal intubation. One tracheotomy was performed. Orotracheal intubation is felt to be superior to nasal 
tracheal intubation and tracheotomy in managing infants in this age group wo require prolonged assisted ventilation. 


INTRODUCTION 


Prolonged or repeated endotracheal intubation in 
the newborn has been felt to produce irreversible 
laryngeal and tracheal damage.‘ For this reason 
Pickard and Oropeza have recommended trache- 
otomies for infants with respiratory insufficiency 
for more than 24 hours,? while Gibson and Byrne 
recommended waiting 72 hours. Heroy et al 
recommended tracheotomies for those infants re- 
quiring ventilatory assistance for longer than seven 
days.° 


In a previous study, two of the authors (GHC and 
MJM) presented data suggesting that orotracheal 
intubation in the newborn was apparently well tol- 
erated for extended periods of time in the adequate- 
ly equipped and staffed newborn intensive care 
unit. That study dealt with 100 consecutive new- 
born intubations of six hours or greater duration. A 
significant number were intubated less than 72 
hours.’ In this presentation we will be dealing only 
with newborn infants who have been intubated 72 
hours or longer. 


It is the purpose of this presentation to show that 
prolonged or repeated orotracheal intubation prop- 
erly managed in the premature or term infant does 
not appear to produce significant damage to the 
larynx and trachea and should not be a factor in 
determining whether or not a tracheotomy is to be 
done. Furthermore, it is our opinion that trache- 
otomy is seldom, if ever, necessary in this age group 
and is indicated only in relation to the underlying 
disease process. 


METHODS 


One hundred and seventy-four consecutive neonates who were 
intubated three days (72+ hours) or longer in the newborn isten- 
sive care unit (NICU) of The Milton S, Hershey Medical Center 
were studied retrospectively. The duration of intubation ranged 
from 3 to 211 days. The majority of cases were admitted for pre- 


maturity which was usually associated with hyaline membrane 
disease (84%). Congenital and other disorders requiring ven- 
tilatery assistance accounted for the remainder. Follow-up for 
this group ranged from three months to five years and covered the 
peried between January 1974 and December 1978. 


in corder to assess the possible deleterious effects of duration of 
intubation, the 174 infants were separated into four groups 
aceorcing to the length of time intubated (Table 1). 


RESULTS 


There were no deaths attributable to orotracheal 
intubation. 


No tracheotomies were performed because of 
duration of intubation or frequency of reintuba- 
tion. 


Cre tracheotomy was performed on an infant 
whe aad been intubated and ventilated for 72 days. 
She had a generalized neuromuscular defect with 
gradual improvement. She was found to have a par- 
tial bilateral cord paralysis which did not improve. 
The tracheotomy was performed so that she could 
feec erally. Bronchoscopic examination of this child 
three vears later showed no evidence of damage to 
the larynx or trachea as a result of her prolonged in- 
tubation. 


Two infants intubated 211 and 72 days had 29 
and 33 reintubations, respectively, without clinical 
evicence of untoward effects on the larynx or tra- 


chea. 


Complications related to prolonged orotracheal 
intubation included: 


TABLE 1. DURATION OF INTUBATION 





Duration 
Intubation j No. Patients 
F 3- 7 107 
E 7-14 37 
Ja 14-30 18 
Iv 30 + 12 


From the Division of Otorhinolaryngology, Department of Surgery, and the Divisicn of Newborn Medicine, Department of Pediatrics, The Milton $. 
Hershey Medical Center, The Pennsylvania State University, Hershey, Pennsylraaiz. 
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TABLE 2. RELATIONSHIP OF BIRTH WEIGHT AND 
MORTALITY 


Birth Weight 
(gm) No. Patients Mortality (%) 


< 1259 3] o4 
1250-2000 75 22 
> 2000 68 18 


1. Accidental dislodgment of the tube requiring 
reintubation — 22 cases. 


2. Suspected obstruction of the tube by secre- 
tions requiriig reintubation — 36 cases. 


3. Tracheal uleeration and necrosis — 1 case. 


Sepsis as £ complication of intubation is difficult 
to assess. Sepsis is a common problem in these in- 
fants and it is often impossible to determine an exact 
etiology. Th2y are extremely ill, have numerous ar- 
terial and other catheters, and are highly suscepti- 
ble to infection. Tracheal aspirates are submitted 
weekly for culture, but it has not always been possi- 
ble to show a direc: correlation between a positive 
culture and clinical sepsis. 


The overall mortality of the 174 infants was 
22.9% and was directly related to the underlying 
disease process, especially prematurity and low 
birth weight (Table 2). 


Follow-up on the 134 survivors was carried out 
largely through the outpatient pediatric clinic by 
one of the azthors (MJM) at three to six-month in- 
tervals. The follew-up period ranged from three 
months to ive years. There were seven lost to 
follow-up. Fulmonary ventilatory studies? were not 
done. 


Postmortem examination was performed on 36 
infants. The larynx and trachea were grossly ex- 
amined in all postmortem examinations but routine 
microscopic examination of this tissue was not per- 
formed. A study is row in progress to evaluate more 
precisely what microscopic damage does occur with 
prolonged orotracheal intubation and whether or 
not there is a cerrelation between the degree of 
microscopic damage and the duration of intuba- 
tion. 


DISCUSSION 


Proper orotracheal intubation technique, espe- 
cially in reletion to the selection of the correct tube 
size, was fel- to be essential to avoid airway damage 
with these infants. All intubations were carried out 
by the pediatric staff and residents using Portex® * 
disposable orotracheal tubes. 


Prior to attempting orotracheal intubation the 
following genera! principles are recommended: 


1. Endotracheal intubation in this group is 


*General Medical Co., Div. of Smith Industries, Wilmington, Mass. 


usually not an emergency. It should be done when 
there is adequate personnel and equipment. 


2. Never intubate an hypoxic infant. Always oxy- 
genate well with a bag before attempting to expose 
the larynx and pass the tube. 


3. Have someone timing the efforts. If the tube is 
not in place within 30 seconds, withdraw the 
laryngoscope and reventilate. 


4. Monitor the heart rate at all times. If for any 
reason bradycardia occurs, withdraw the laryngo- 
scope and reventilate. 


By following these principles, cardiac arrest can 
largely be avoided. 


Intubation is accomplished with the infant laryn- 
goscope inserted into the vallecula and the tongue 
elevated. Gentle counterpressure on the external 
surface of the larynx can be accomplished with the 
little finger against the thyroid cartilage or by an 
assistant. The epiglottis is visualized and the 
orotracheal tube passed easily through the glottis. 
The infant is ventilated and both lung fields listened 
to in order to help determine the position of the 
tube. The tip of the tube should be at about the ster- 
nal notch which corresponds to the midportion of 
the infant trachea. 


Following insertion of the tube, it is essential that 
auscultation at the mouth with a stethoscope is done 
to confirm that there is a leak of air around the tube 
when a positive pressure of 25-30 cm of water is ap- 
plied. If no leak can be heard, the tube is removed 
and the next smaller size is inserted. A straight 
Portex tube is used, the size varying from 2.5 + 3.5 
mm. The Cole tube with a narrow diameter at the 
tip is not used because of the possibility of causing 
pressure necrosis of the vocal cords. 


Adequate securing of the orotracheal tube is ex- 
tremely important. The tape and suture technique 
as described by Gregory’ has been quite effective 
and has allowed for very few accidental tube dis- 
lodgments all of which were easily corrected. The 
position of the orotracheal tube at the midportion of 
the trachea is always confirmed by x-ray examina- 
tion of the chest. The tube is left in place indefinite- 
ly and is removed only when extubation or rein- 
tubation is deemed appropriate. 


The management of the orotracheal tube is also 
of critical importance. Only warm and humidified 
gas is used. The tube is suctioned every hour by in- 
stilling 0.25 ml saline into the tube and gently suc- 
tioning it out. After each pass with the suction 
catheter, the baby is ventilated with deep “sighing” 
positive pressure ventilation for one to two minutes. 
Sterile technique is always used. 


Extubation is carried out when the infant can 
breathe spontaneously without assistance and is 
able to maintain satisfactory blood gas levels. After 
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extubation the infant is watched continuously and 
blood gases monitored. No steroids are given. If 
satisfactory blood gases cannot be maintained, the 
baby is reintubated. 


Nasal tracheal intubation is not done at our in- 
stitution because of possible damage to the nasal 
structures. In addition, compression of the nasal 
structures can cause secondary nasal and sinus 
blockage resulting in local infection." Since 
nasotracheal tubes require changing every 48 to 72 
hours, contamination can be carried into the tra- 
chea. Finally, the technique of nasal tracheal in- 
tubation is significantly more difficult than that of 
orotracheal intubation. 


CONCLUSIONS 
It is our thesis that orotracheal intubation is the 


superior method of providing a safe and effective 
airway for newborn infants who require prolonged 
veritilatory assistance. Tracheotomy does not ap- 
pear to be indicated on the basis of duration or 

fed reintubation and should be performed 
only if the underlying disease state would warrant 
it. The fact that only one tracheotomy was done for 
this large group of neonates justifies this conclusion. 
We feel that orotracheal intubation largely avoids 
the serious complications of tracheotomy caused by 
accidental dislodgment of the tracheotomy tube, 
the okvious direct trauma to the trachea, and the 
problem of decannulation of the tracheotomized in- 
fant.**"7"'© QOrotracheal intubation is felt to be 
preferable to nasal tracheal intubation because of 
its greater technical ease and avoidance of local 
nasal «issue damage. 
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The response of laryngeal airway resistance to pulmonary receptor stimulation was studied in 20 mongrel dogs anesthetized with 
a-chloralose (80 mg/kg). Stimulation of pulmonary stretch receptors by lung inflation inhibited the phasic variation of laryngeal resistance 
during respiration and produced a sustained reduction of laryngeal resistance, which was related to lung inflation pressure. Stimulation of 
pulmonary J-receptoss with capsaicin produced apnea and a large increase in laryngeal resistance. Capsaicin produced this reflex when in- 
jected into the pulmenary circulation but not when injected into the systemic circulation. Irritant receptor stimulation with histamine 
hydrochloride produ-ed tachypnea and a reduction in inspiratory laryngeal resistance. Pulmonary receptor reflexes were abolished by 
dividing the vagus nerves distal to the origin of the recurrent laryngeal nerves. Laryngeal reflexes may be important in the regulation of 


respiration and the production of physiologic and pathologic alterations in pulmonary function. 


INTRODUCTION 


The respiratory functions of the larynx include 
protection of lower airway and regulation of airway 
resistance. Resistance properties of the larynx have 
been largely neglected because of the difficulty in 
measuring the laryngeal airway resistance in isola- 
tion from the res:stance of the tracheobronchial air- 
way. The unique property of the laryngeal airway 
is its ability to indergo rapid adjustments corre- 
sponding to the chase of respiration and the physio- 
logic status of the lower airway. This integration 
results in part from reflexes initiated by receptors in 
the lower airway and lung parenchyma. 


There are three types of pulmonary receptors: 
stretch, irritant, and unmyelinated (J-receptors’.’ 
Although there are some species variations, the 
general characte-istics of these receptors are similar 
for man and for the most widely studied laboratory 
animal species (cat, rabbit, and dog). Each receptor 
type evokes a specific reflex pattern that is 
associated with characteristic changes in the rate 
and depth of respiration, heart rate, and blood 
pressure (Table 1). 


The purpose cf the present study is to describe 
and quantitate ‘he effect of pulmonary receptor 


stimulation on laryngeal airway resistance in the 
dog. This study examines the laryngeal airway 
resistance in response to stretch receptor, irritant 
receptor, and J-receptor stimulation. 


METHODS 


Twenty mongrel dogs weighing from 15 to 25 kg were used in 
the study. The dogs were anesthetized with ketamine 
hydrochloride (8 mg/kg intramuscularly) and a-chloralose (80 
mg/kg intravenously). Further doses of a-chloralose (5 to 10 
mg/kg intravenously) were given at appropriate intervals to main- 
tain a constant level of anesthesia. The left femoral vein was 
catheterized, and the catheter was advanced into the right atrium 
for the administration of drugs into the pulmonary circulation. 
The left femoral artery was catheterized, and the catheter was ad- 
vanced into the left ventricle for administration of drugs into the 
systemic circulation. 


The trachea was cannulated in the neck after the recurrent 
laryngeal nerves were identified and preserved. Without 
assistance, the dogs breathed 100% O, from a nine-liter 
spirometer (Collins, Braintree, MA) containing a CO, absorber. 
Tidal volume (V+), respiratory frequency (f), and minute ventila- 
tion (Vs) were determined from the spirometer recording. Airway 
pressure (P,,) was measured using a pressure transducer (Statham 
PM131) attached to the side arm of the tracheal cannula. 


Laryngeal resistance was determined by passing a continuous 
flow of humidified air through the upper airway at the rate of 1 
liter/sec. Airflow was measured continuously by means of a 
pneumotachograph and a gas pressure transducer (Hewlett- 


TABLE 1. CHARACTERISTICS OF PULMONARY RECEPTORS IN THE DOG 


Pulmonary Fiber Conduction 


Receptor Location Velocity (m/sec) Respiratory Effects Stimulus 


Stretch Associated with smooth muscle of 32.34 11.8? Inhibits inspiration’ and (?) bron- Lung inflation’ and vera- 
large bronchi? chodilation trum alkaloids 
Irritant Epithelium of medium and small- 23.34 7.15 Tachypnea'; decrease in tidal vol- Smoke’; mechanical irri- 
size bronchi‘ ume; bronchoconstriction tation; histamine; lung 
hyperinflation; lung de- 
flation 
me (?) Near pulmonary capillaries (jux- 1.440.137 Apnea’? and (?) bronchoconstric- ts Pulmonary edema;?""! 
ta-al~eclar capillaries‘) tion ?) increased pulmonary 


artery pressure; capsaicin 


enter HORA tet cobb 
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Fig. 1. Lung inflation — vagi intact. Response of 
laryngeal airway resistance (R,,) to stepwise lung inflations 
as measured by airway pressure (P.o). 


Packard model 270). Transglottic pressure difference was re- 
corded using another pressure transducer (model 270). Laryngeal 
airway resistance was calculated as the transglottic pressure di- 
vided by the airflow through the larynx. This technique per- 
mitted measurement of the laryngeal resistance with the larynx 
functionally isolated from the lower airway, except for its inner- 
vation. A complete description of the method of measuring 
laryngeal resistance has been given,” 


Tidal volume (V;), airway pressure (P,,), laryngeal airflow, 
and transglottic pressure were simultaneously recorded on a chart 
recorder (Hewlett-Packard). 


At intervals throughout the procedure, PaO, and PaCO, were 
measured. PaO, was maintained greater than 180 mm Hg, and 
PaCO, was maintained between 35 and 45 mm Hg to minimize 
chemoreceptor reflexes. Pulmonary receptor stimulation was 
done before and after the afferent pulmonary nerves were di- 
vided. The afferent innervation of the lungs is carried in the vagus 
nerves. To interrupt the afferent vagal fibers without destroying 
the efferent motor fibers to the larynx, the vagus nerves were 
divided in the chest below the origins of the recurrent laryngeal 
nerves, '*:'* 


Stretch Receptor Stimulation. Pulmonary stretch receptor 
reflexes were stimulated in eight dogs by controlled lung inflation. 
The chest of each dog was opened widely through a bilateral 
thoracotomy. Ventilation was maintained by a pump respirator 
(Harvard Apparatus) using 100% O,. Airway pressure was 
measured using a pressure transducer (Statham PM131) attached 
to the side arm of the tracheal cannula. For the prevention of 
atelectasis, a positive pressure of 3 cm of water was maintained in 
the airway by placing the expiratorv line under water. 


While laryngeal resistance and airway pressure were recorded, 
lung inflations were performed by closing the expiratory line of 
the respirator. With each respirator pump stroke, the lungs were 
inflated by an increment of one tidal volume (350 ml). Inflations 
were done to an airway pressure of 30 cm of water. 


Lung inflations were repeated after the vagus nerves were 
divided bilaterally below the recurrent laryngeal nerves. 


J-Receptor Stimulation, J-receptor reflexes were stimulated in 
ten spontaneously breathing dogs by the injection of capsaicin. 
The capsaicin was injected in solution prepared as described by 
Coleridge et al." Capsaicin (10 ng/kg) was injected into either the 
right atrium or the left ventricle while laryngeal resistance and 
tidal volume were recorded. 


J-receptors were denervated in three dogs by dividing the vagus 
nerves bilaterally below the recurrent laryngeal nerves. Capsaicin 
injections were then repeated while laryngeal resistance was 
recorded. 


Irritant Receptor Stimulation. Irritant receptor reflexes were 
stimulated in 14 spontaneously breathing dogs with histamine 
hydrochloride. Histamine hydrochloride (10 pg/kg) was injected 
intravenously while laryngeal resistance and tidal volume were 
recorded. 


The irritant receptors were denervated in four dogs by section- 
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F i. 2. Effect of lung inflation of laryngeal resistance in 
tive dogs. Vertical bars indicate standard error of mean. 


ing tae vagus nerves bilaterally below the recurrent laryngeal 
nerves. Histamine injections were repeated while laryngeal 
resistance was recorded. 


RESULTS 


Stretch Receptors. Stretch receptor stimulation 
by regressive lung inflation in the open-chest dog 
prec uced two responses in laryngeal resistance: 1) 
lung inflation inhibited the phasic inspiratory ac- 
tivity of the laryngeal abductors when this was pres- 
ent, and 2) progressive lung inflation decreased lar- 
yngea. resistance which was related to the degree of 
lung inflation (Fig. 1). The first effect is a counter- 
part cf the Hering-Breuer inhibito-inspiratory re- 
flex, which inhibits inspiratory phased respiratory 
museles, whereas the second reflex does not affect 
the shasic muscle activity but produces a continu- 
ous decrease in laryngeal resistance. Progressive 
lung inflation significantly decreased (P< 0.05) lar- 
yngea resistance (Fig. 2 and Table 2). 


Ai the termination of lung inflation, the rapid de- 
flatior of the lung produced a large increase in lar- 
yngea. resistance (Fig. 1). This response may be due 
to the rapid inhibition of stretch receptor activity or 
to the stimulation of irritant receptors by rapid lung 
defleton. 


After the vagus nerves were divided below the 


TAEL 2, RELATIONSHIP OF AIRWAY PRESSURE TO 
LaF YNGEAL AIRWAY RESISTANCE IN THE DOG 


R,, (Mx SE), 








P, (em N % Contro 
3 8 100 
10 8 85.14 1.80* 
15 8 83.54 1.84" 
20 8 82.1 + 2.00" 
25 8 76.3 + 4.20* 
30 8 72.8 + 4.80* 


“Sigraftcantly decreased from control value (Wilcoxon's signed-rank 
test, Pe © 05), 
Pa- Nieway pressure; R,, - Laryngeal airway resistance. 
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Fig. 3. Respons cf laryngeal airway resistance (R,.) to 
ie leat lung inflations after sectioning the vagus nerves 
below the crigin ef recurrent laryngeal nerves. 


origin of the recurrent laryngeal nerves, the effect 
of lung inflatien on laryngeal resistance was 


abolished (Fig. ©). 


J-Receptors, Tne injection of capsaicin (10 g/kg) 
into the right atsium produced apnea and a signifi- 
cant increase (P<. 0.05) in laryngeal resistance after 
a latency of 4.8+ 0.33 seconds (Fig. 4 and Table 3). 
The short latenc~ suggests that the effect is produc- 
ed by stimulation of receptors in the pulmonary cir- 
culation. This i: confirmed by the absence of a 
response to capsaicin when injected into the left 
ventricle (Fig. 5 and Table 3). 


The response ef laryngeal resistance to capsaicin 
is mediated by atferent vagal fibers arising from the 
lung, since divid.ng the vagus nerves below the ori- 
gin of the recurrent laryngeal nerves abolishes the 
response to capsaicin injected into the right atrium 
(Table 3). 


Irritant Receptors, Stimulation of pulmonary ir- 
ritant receptors by intravenously administered 
histamine (10 pg.kg) produced tachypnea with a de- 
creased tidal valume and a decrease in both in- 
spiratory and expiratory laryngeal airway resis- 
tances (Fig. 6). However, only the decrease in in- 
spiratory resistence was statistically significant 
(P<0.05). Histamine injections into the left ventri- 
cle failed to produce a response (Table 4). Secticn- 
ing the vagus nerves below the origin of the recur- 
rent laryngeal nerves abolished the response to in- 
travenous histamine injection (Table 4). These 
observations ind:cate that the response to histamine 
injection is mediated by pulmonary receptors with 
vagal afferent fibers. 


DISCUSSION 


Stretch Receptors. Pulmonary stretch receptors 
have been the most widely investigated of the pul- 


Fig. 4. Effect of intravenous injection of capsaicin 
(CAP, 10 pg/kg) into right atrium on laryngeal airway 
resistance (R,,) and tidal volume (V7). 


monary receptor types. +518 Lung inflation stim- 
ulates stretch receptors by the tension produced in 
the walls of the larger bronchi where the receptors 
are concentrated. The effect of stretch receptor 
stimulation is an inhibition of the inspiratory 
muscles of respiration — the classic Hering-Breuer 
reflex. 


The effect of stretch receptor stimulation on the 
larynx is consistent with the action on other respira- 
tory muscles. Lung inflation inhibits the inspiratory 
muscles of the larynx (the posterior cricoarytenoid 
muscles). This has the effect of inhibiting the 
phasic reduction of laryngeal resistance during in- 
spiration. Moreover, sustained lung inflation pro- 
duces a tonic decrease in the laryngeal airway resis- 
tance. The decrease in laryngeal resistance is re- 
lated to the inflation pressure of the lungs. This re- 
flex arises from intrapulmonary receptors and is not 
merely a mechanical effect of lung inflation since it 
is effectively abolished by section of the afferent 
vagal fibers. It cannot be determined from the pres- 
ent study whether lung inflation inhibits vocal fold 
adductors or stimulates vocal fold abductors. 
Studies by Green and Neil? have shown inhibition 
of inspiratory phased vagal fibers and stimulation 
of expiratory phased vagal fibers with lung infla- 
tion. This corresponds with the observed inhibition 
of the phasic activity of the laryngeal resistance 
observed in the present study. Moreover, studies on 
human  subjects*’ have shown that laryngeal 
resistance is lower at large lung volumes than at 
small lung volumes. This is consistent with the sec- 
ond observation that lung inflation produces a tonic 
decrease in laryngeal resistance related to the 
transpulmonary pressure. 


The effect of a decrease in laryngeal resistance 
with lung inflation would tend to stabilize func- 
tional residual capacity during ventilation. With 


TASLE 3. EFFECT OF CAPSAICIN* ON LARYNGEAL AIRWAY RESISTANCE IN THE DOG 


Afferent Vagus 





Route of Administradon 
Right atrium Intact 
Left ventricle Intact 
Right atrium Sectioned 
*Dose of 10 pg/kg. 





3 an 






, % Contral 
4,8+0.33 150+ 301 

aoe 1044 3 
934 14 





tSignificantly increased from control value (Wilcoxon's signed-rank test, P< 0.05). 
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Fig. 5. Effect of injection of capsaicin (CAP, 10 ng/kg) 
into left ventricle on laryngeal airway resistance (R,,) and 
tidal volume (V7). 


large lung inflation, laryngeal resistance would 
decrease, thus facilitating lung emptying. With 
small inflation, laryngeal resistance would be 
higher, slowing lung deflation. In these cases, the 
lung would tend to reach a constant functional 
residual capacity during expiration for both large 
and small inflations. 


J-Receptors. The unmyelinated J-receptors have 
been examined in several species: the dog, cat, and 
rabbit. The reflex produced by J-receptor stimula- 
tion is generally the same in these species; there is a 
decrease in blood pressure and apnea, followed by 
tachypnea and bradycardia.' However, there is pe- 
culiar variability in the chemical stimuli producing 
these reflexes. In the cat and rabbit, phenyldiguan- 
ide produces the J-receptor reflex.' However. this 
agent is ineffective in producing this reflex in the 
dog and in man.”*-*4 In the dog, capsaicin produces 
a typical J-receptor reflex.° The reasons for the dif- 
ference in sensitivity of J-receptors to these agents is 
not known. The physiologic stimulus for the J-re- 
ceptor is not known with certainty, although pul- 
monary edema and pulmonary vascular congestion 
have been suggested as effective stimuli. ' 


The effect of J-receptor stimulation on the larynx 
is a striking increase in laryngeal resistance during 
the apnea induced by the stimulation. This effect of 
J-receptor stimulation has been observed in the cat 
during stimulation of J-receptors by phenyldi- 
guanide.'’''§ 


The J-receptors are physiologically located in the 
region of the lung supplied by the pulmonary circu- 
lation. This is consistent with the anatomic localiza- 
tion in the juxta-alveolar capillaries (hence the 
name J-receptor).' 


The physiologic role of these receptors is not 
known, and the powerful laryngospasm produced 
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Fig. 6. Effect of intravenous injection of histamine hy- 
drochloride (10 y»g/kg) on laryngeal resistance (R,,) and 
-idal volume (V37). 


by tħeir stimulation is equally unexplained. Reflex 
lar7ngospasm probably is not a protective reflex 
because J-receptors cannot be stimulated until the 
irrřant agent reaches the alveoli. However, if 
pulmonary edema is the effective physiologic stim- 
ulus for J-receptors, laryngospasm may have a ben- 
eficial effect by producing elevated airway pressure 
during expiratory apnea, thus forcing edema fluid 
inte the pulmonary blood vessels and lymphatic ves- 
sels. This reflex must remain speculative, however, 
until more is known about the physiologic stimulus 
of Freceptors. 


.rritant Receptors. Pulmonary irritant receptors 
prcduce a tachypnea with a decrease in tidal vol- 
ume in response to airway irritations, histamine, 
and lung deflation. Although histamine may pro- 
duce some nonvagal actions, the main action of his- 
tanine on breathing is by stimulation of lung irri- 
tart receptors. Some reports indicate that histamine 
cam stimulate pulmonary J-receptors, but the dif- 
fer2nce between the action of capsaicin (a powerful 
J-receptor stimulant) and of histamine in the dog 
suggests that histamine does not produce significant 
ref ex action through J-receptor stimulation in this 
species. 


“hat the observed decrease in laryngeal resis- 
tarce after histamine injection is secondary to pul- 
manary receptor stimulation is established by the 
absence of a response after the afferent vagal fibers 
are sectioned. 


The physiologic role of laryngeal resistance 
changes during irritant receptor stimulation is 
uneertain, although a decrease in laryngeal resis- 
tarce and tachypnea would tend to expel irritant 
sukstances from the airway. 


TABLE 4. EFFECT OF HISTAMINE HYDROCHLORIDE* ON LARYNGEAL AIRWAY RESISTANCE IN THE DOG 


Route of Administration Afferent Vagus 





Right atrium Intact 14 
Left ventricle Intact 3 
Right atrium Sectioned 4 


*Dose 10 ng/kg. 





R. (M+SE), % Control 
, seC Inspiration Expiration 





10.6+ 1.1 59+ 10t 96+ 3 
9.40.33 109+ 8 106+7 
— 94+ 4 95+3 


TSignificantly decreased from control value (Wilcoxon's signed-rank test, P< 0.G). 
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CONCLUSIONS 


The larynx is æ rapidly adjustable resistance in 
series with the brenchopulmonary airway. Breath- 
to-breath variations in laryngeal airway resistance 
provide a means o adjusting expiratory airflow and 
thereby lung volume. This function of the larynx is 
regulated by a reflex originating with lung stretch 
receptors within tke intrathoracic airways. In addi- 


tion to stretch receptors, pulmonary irritant recep- 
tors and pulmonary J-receptors can modify laryn- 
geal resistance. However, the physiologic role of 
these pulmonary receptor reflexes is unclear at the 
present time. The laryngeal airway is closely in- 
tegrated with the function of the lower airways by a 
network of reflex arcs which uniquely provides for 
rapid and reversible modification of airway resis- 
tance. 
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In a survey of 49 papilloma patients accurate maternal condyloma history was obtained in 31 instances and of these, 21 were positive 
for the presence of condyloma during pregnancy or parturition. Molecular viroimgical studies indicate that positive hybridization could be 
demonstrated to human papilloma virus 2 in both laryngeal papilloma and con¢yloma by the Southern blot technique. Immunoperoxidase 
staining illustrated the presence of virus-related particles only near the surface c? the mucous membrane papilloma, which is in contrast to 
the definite staining of the stratum granulosum and stratum corneum of verrucae. Collectively this provides convincing evidence for an 
etiological relationship between condyloma acuminata and some laryngeal papillomata. The highly contagious nature of human 
papilloma virus infection is discussed and the possibility of cesarian section in the presence of active condyloma must be considered. 


INTRODUCTION 


A viral etiology for all warty growth has been 
suspected for a long time. This opinion was based 
upon the common histological pattern of the 
growths, and on the typical clinical course of the le- 
sions which tend to recur and spread despite seern- 
ingly adequate ablation of the tumors, but even- 
tually spontaneously regress. Early light histolog- 
ical studies demonstrated inclusion bodies in the 
stratum spinosum and granulosum of keratinizing 
varieties of papillomas. Electron microscopy studies 
later confirmed the presence of virus crystals in 
these situations. However, only a few isolated re- 
ports suggest the presence of virus particles in mu- 
cous membrane papillomata such as laryngeal pap- 
illoma or papilloma of the vagina and uterine cer- 
vix.'? Other workers have failed to find virus ma- 
terial in laryngeal papillomas even after exhaustive 
searches.’ This apparent discrepancy may now be 
explained in light of recent evidence to be presented 
later. 


Further evidence for a viral etiology was strongly 
indicated by the experiments of Ullman.* Excised 
laryngeal papilloma tissue was self-inoculated into 
the forearm. After 90 days typical flat warts were 
visible. Suspecting a virus Ullman then inoculated 
cell-free extracts of laryngeal tissue into his own 
arm and that of an assistant. Warty growths oc- 
curred after a similar latent period. This work was 
substantiated by Ishikawa in 1936.5 These findings 
led to the hypothesis that warts or papillomas from 
all locations were caused by the same viral agent. 
Although in the literature papilloma, condyloma, 
wart and verruca are often used synonymously, in 


this paper the term wart or verruca will be used to 
describe the papillary tumors of cutaneous surfaces 
and the term papilloma will be used only to 
describe mucous membrane lesions. Condyloma 
acuminata are lesions that occur in the genital area 
of males or females and will be designated 
cutaneous or mucous membrane condyloma accord- 
ing tc the histological presence or absence of a stra- 
tum corneum and distinct stratum granulosum. 


The coincidental presence of skin warts in pa- 
tients with laryngeal papillomas was cited as addi- 
tiona: evidence for a virus etiology and for the pos- 
sibility of self-inoculation. Majoros et al reviewed 
the incidence of laryngeal papillomas and found 
that the greatest incidence of onset occurred before 
five years of age.® Zur Hausen et al in an epidemio- 
logieal survey showed that there was a bimodal 
distribution of laryngeal papillomas that did not 
correspond to the distribution of verruca vulgaris.’ 
An etiological relationship between laryngeal papil- 
loma in children and condyloma acuminata of the 
mother has also been suspected and sporadic case 
reports have appeared describing this phenom- 
enon.*"*° 


Cook and coworkers performed an analysis of 13 
patients with laryngeal papillomas and found that 
the mothers of five of nine children had condyloma 
at the time of delivery." 


As yet no whole virus has been isolated from 
laryngeal papillomas but recent virological tech- 
niques have clearly shown the presence of free 
human papilloma virus (HPV) DNA.” To date no 
reproducible in vitro model has been established 
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TABLE 1. SJMM«RY OF CLINICAL CONDYLOMA HISTORY IN MOTHERS OF CHILDREN WITH LARYNGEAL PAPILLOMA ~: 


No. of Condyloma Condyloma Unable to Lost to 
Institution Patients Positive Negative Determine Follow-Up 
1 14 fi 4 ł 2 
2 35 8 7 15 5 
(14) (6) (10) (5) 
Toal 49 21 10 ll 7 


Positive iacidenc= maternal condyloma — definitive group - 67%; overall group - 42%. 
Parentheses indiaate the change from initial history by the more detailed gynecological investigation. 


that permits the growth and replication of HPV. 
However, using techniques of DNA reassociation, 
hybridization znd restriction endonuclease map- 
ping several dstinct strains of HPV have been 
isolated. 


The purpose of this paper is to present clinical 
evidence of tke association of condyloma and 
laryngeal paplloma which is supported by 
molecular viro.ogical and immunohistochemical 
studies. 


CLINICAL EVALUATION 


Persona. observation, reviews of obstetric and 
gynecologic charts, direct questioning of patients’ 
mothers and their physicians, as well as pelvic ex- 
aminations by taese physicians were used in extract- 
ing the following data. The patients were drawn 
from the otolaryngologic practice at two teaching 
institutions. A total of 49 patients were collected 
(Table 1). Sever patients were lost to follow-up and 
in 1] patients we were unable to determine if con- 
dylomata had been present. In the remaining 31 pa- 
tients, 21 had a positive maternal history of con- 
dyloma and 10 1ad a definite negative history. The 
majority of those patients with a negative history 
had a late (adul) onset of papillomata. The mother 
of one female patient whose papilloma appeared at 
16 years of age following intubation for tonsillec- 
tomy did Fave £ confirmed history of condyloma at 
delivery. Frequently the presence of condyloma was 
initially denied by the mother but on further in- 
vestigation the mformation was found to be forgot- 
ten or the indivadual had been unaware of the pres- 
ence of these lesions which had disappeared after 
local treatment (Table 1). In some instances the 
vulva and vagima were free of clinical condyloma 
but small flattered lesions were reported on the cer- 
vix. 


The age of oaset of laryngeal symptoms ranged 
from the reonaæal period to 64 years of age, with 
the majority occurring within the first 5 years of 
life. The histolegical pattern of atypia correlated 
with the frequency of recurrence as has been 
described previeusly.* 


MOLECULAR VIROLOGICAL STUDIES 


The viras isclation scheme employed has been 
documented in a previous publication.” (Fig. 1). 


We have been unable to isolate whole HPV particles 
banding after cesium chloride density gradient cen- 
trifugation from extracts of laryngeal papillomas, 
even though virus particles could be isolated easily 
by this procedure from equivalent amounts of skin 
warts. We have also failed to identify form 1 HPV 
DNA by cesium chloride-propidium diiodide centri- 
fugation and electron microscopy of the Hirt super- 
natant fraction’ of laryngeal papillomas." Separ- 
ation of cellular DNA species by agarose gel electro- 
phoresis followed by ethidium bromide staining 
allows visualization by ultraviolet light of as little as 
10 ng of DNA migrating in a single band.‘ In 20 ug 
of electrophoretically separated cellular DNA, 
bands corresponding to viral DNA forms 1, 2, or 3 
could be discerned in many samples fron anogenital 
warts but none from laryngeal papillomas. 


Laryngeal papillomas were also assayed for HPV 


Tumor tissue 
Disrupt tissue/grind 
Pellet whole cells 


Pelleted whole cells 
(Identify/purify virus 
genome) 


| Supernatant 
(Identify/purify whole 
virus particles) 


Clarify supernatant Disrupt pelleted cells 

from tissue debris 

Add high SALT and SDS 
to precipitate cell 
chromosomal DNA 


Pellet virus 


Band virus in CsCl 


(1.344G/ec) Pellet cell chromosomal DNA 


Exact viral genome Deproteinize supernatant 










Concentrate DNA re- Molecular 
maining in supernatant hybridization 

to assay for 

integrated 

Assay/ purify viral HPV DNA 


DNA by electrophoresis 
in agarose gels 


HPV DNA 
Fig. 1. Scheme of human papilloma virus genome 


purification and identification (Reprinted with permission 
of Quick et al.'?) 


CONDYLOMATA AND PAPILLOMATA 469 


DNA by nucleic acid hybridization procedures. Hy- 
bridization analyses by DNA-DNA reassociation us- 
ing purified HPV DNA probes labeled by nick 
translation” were designed to detect approximately 
0.2 genome equivalents of viral DNA per diploid 
cell genome. Results of such hybridization analyses 
with laryngeal DNA and HPV 1 probe were nega- 
tive.'*'* Using our HPV-2 probe low levels of hy- 
bridization were found. * 


Since there are apparently such small quantities 
of free viral DNA in laryngeal papillomas we have 
resorted to the more sensitive Southern’s technique 
of blot hybridization.'° 


Cellular or viral DNA is separated by molecular 
weight in a 1% (w/v) agarose gel by electrophor- 
esis. For Southern blotting, the DNA contained in 
the gel is denatured in situ by treatment with sodi- 
um hydroxide (NaOH) and then transferred to a 
piece of nitrocellulose paper by placing the gel on 
the paper, dripping high salt buffer on top of the 
gel, and pulling the buffer through the gel and the 
paper by vacuum filtration. The gradient of salt 
through the gel transfers the DNA onto the nitro- 
cellulose paper. The paper is then baked to bind the 
DNA irreversibly to the paper. Transfer of the DNA 
from the gel to the paper may be confirmed by re- 
staining the gel after transfer. 


For hybridization, the nitrocellulose paper is 
sealed in a plastic bag containing a reaction mixture 
with unlabeled RNA and DNA and incubated to re- 
duce background hybridization. Viral DNA labeled 
in vitro with **P by nick translation is added to the 
reaction mixture and the bag is further incubated. 
After completion of hybridization incubation, the 
nitrocellulose filter is washed exhaustively to 
remove unhybridized **P-DNA. The paper is then 
autoradiographed to detect hybridizing viral DNA. 
As little as 1 pg of viral DNA in a single band may 
be detected by this procedure. 


Furthermore, the use of hybridization reaction 
mixtures containing different strengths of for- 
mamide allows us to vary the stringency of hybrid 
formation. Under less stringent hybridization con- 
ditions, additional viral DNA hybrids may be de- 
tected which are incompletely homologous to the 
viral DNA probe. Under stringent hybridization 
conditions (50% formamide, 42 C) only HPV DNA 
will be detected that is completely homologous to 
the viral DNA probe, that is, an HPV 2 DNA probe 
will only detect HPV 2 DNA. Under less stringent 
hybridization conditions (20% formamide, 37 C), a 
given HPV probe will detect any type of HPV DNA, 
ie, an HPV 2 or HPV 5 probe will detect HPV 1, 
HPV 2, HPV 3, HPV 4, or HPV 5 DNA in the sam- 
ple. 


Laryngeal papillomata assayed for HPV se- 
*Watts S, Krzyzek R, Faras A, Quick CA. Identification of papilloma 
virus DNA in laryngeal papillomas. Submitted for publication 1980. 


TABLE 2. STRINGENT AND LESS STRINGENT 


HYBRIDIZATION TO HPV 2 (SOUTHERN TECHNIQUE) 


____DNA Source Stringent Less Stringent_ 
Larng. pap. + A 
Condyl. acum. (vulva) - + 
Condyl. acum. (vagina) ~ + 
Condyl. acum. (penis) = +. 
Laryng. pap. - + 
Laryng. pap. - + 


Inverted pap. (nose) - 


+ - Positive hybridization in papilloma tissue. Laryng. pap. - Laryn- 
geal papilloma; Condyl. acum. - Condyloma accuminata. 


quences by Southern blot hybridization was not 
cleaved with restriction endonuclease prior to 
agarose gel electrophoresis. Therefore, free, uninte- 
grated viral DNA could be detected as forms 1, 2 or 
3. Positive hybridization results indicating the 
presence of viral DNA forms were obtained under 
two types of hybridization conditions (Table 2). 
Under stringent conditions positive hybridization 
was seen both in a sample of laryngeal papilloma 
and condyloma acuminata, strongly indicating that 
the same virus (HPV 2) was responsible for both le- 
sions. Under less stringent conditions positive 
hybridization was obtained in 5 (of 9) laryngeal 
papilloma samples, 2 condyloma samples from 
females and 1 condyloma sample from a male. 
These results indicate that an HPV was responsible 
for these lesions, but not necessarily the same HPV 
strain in each instance. One sample of inverted pap- 
illoma of the nose used as a control showed no hy- 
bridization. 


IMMUNOHISTOCHEMISTRY 


An indirect immunoperoxidase stain* was used 
on formalin-fixed histological sections of laryngeal 
papillomata and condyloma acuminata to ascertain 
if viral staining could be detected and if so, to deter- 
mine the site of virus particle production. 


Immunoperoxidase staining utilizes an en- 
zymatically generated histochemical reaction to 
mark the site of antigen-antibody reaction where 
3,3-diaminobenzidine in the presence of hydrogen 
peroxide and peroxidase is oxidized to form an in- 
soluble brown polymer.”® The antiviral antibody 
used was produced in rabbits. Human papilloma 
virus was isolated from pooled plantar warts and in- 
ternally disrupted by the detergent sodium dodocyl 
sulphate to reveal the common antigenicity to all 
known HPVs.?' Our controls included the use of 
normal tissue, heat inactivated antivirus serum and 
omission of antivirus serum. 


Positive staining was achieved in sections of 
laryngeal papilloma and sections of mucous mem- 
brane condyloma acuminata. The type of staining 
in mucous membrane papilloma was markedly dif- 





“Jensen B. Personal communication, 1979. 
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Fig. 2. Immunoperoxidase stain of verruca of lower lip. Discrete areas of positive staining (arrowed) is seen in the stratum 
granu.osum G) and scattered staining is seen in the stratum corneum (K). (Approx. x250) 


ferent from tha of cutaneous warts such as a veruc- 
ca of the lip.* In the cutaneous variety the red- 
brown precipitate was clearly seen as spherical 
masses within the cells of the stratum granulosum 
and scattered s aining was present throughout the 
stratum corneum (Fig. 2). Staining of the mucous 
membrane vareties were seen as a sparsely dis- 
tributed precip tate occurring in the most superfi- 
cial single cell Byer (Fig. 3A,B). Frequently it was 
evident that ths positively staining layer could be 
lost in vivo, or curing handling, or in processing the 
tissue. 


*Quick CA, Gnepp J, Bouquot G. Papilloma of the head and neck. In 
preparation. 


Occasionally in a tangential cut of the superficial 
prickle cell layer, intracellular diffuse staining was 
seen which was concentrated in the vicinity of the 
cell nucleus. 


DISCUSSION 


In our small series of patients about 60% of the 
definitive group or 40% of the overall group of 
children were born of mothers who had condyloma 
either during pregnancy or at parturition. This is in 
agreement with other authors. The peak incidence 
for laryngeal papillomas is within the first five years 
of life and frequently there is a history that from the 





Fig. 3. A) Enmunoperoxidase stain of papilloma of uterine cervix showing staining (arrow) confined to the supers) layer 


(approx. x35). B) Immunoperoxidase staining of laryngeal papilloma showing positive staining (arrow) of t 


layer anly (aprox. x500). 


e superficial 
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earliest days of life the child had a “poor cry.” 
Perinatally acquired viral infections are well rec- 
ognized,” therefore, the acquisition of human pap- 
illoma virus during passage through the contami- 
nated birth canal seems a plausible explanation for 
the above phenomenon. Perhaps the minor trauma 
of suctioning the meconium from the pharynx may 
help to implant the virus. Furthermore, it is 
recognized that HPV virus can remain dormant for 
long periods and that minor trauma and the pres- 
ence of moisture can produce overt disease. The 
ease of transmission of condyloma by sexual con- 
tact?’ and spread of laryngeal lesions by “papilloma 
fluid” during surgical excision or instrumentation?’ 
are readily appreciated in the light of the im- 
munohistochemical evidence of viral particles on 
the superficial layers of the tumor where they are 
easily dislodged. 

Our virological studies are highly indicative of a 
role for HPV in laryngeal papillomatosis where it 
exists rarely as whole virus but usually as minute 
quantities of free DNA and more probably as in- 
tegrated DNA in the host cell chromosome. Al- 
though we have only confirmed the presence of type 
2 HPV DNA in laryngeal papilloma, less stringent 
Southern blot results suggest that other HPV are 
present which have not yet been identified with 
respect to type. Furthermore, the presence of HPV 
2 in both condyloma acuminata and laryngeal pap- 
illoma provides good evidence of a direct etiologic 


link between these lesions. Our new evidence also 
indicazes that several distinct types of HPVs may be 
associated with a single type of papilloma and dif- 
ferent types of lesions may be caused by a single 
type cf HPV. This latter aspect is partial vindica- 
tion >: the view of early workers who believed that 
all papillomas were caused by the same virus. The 
mucous membrane papillomas have usually been 
regarced as nonpermissive for whole virus replica- 
tion bat eur immunoperoxidase experiments suggest 
that cnly the most superficial layer or two will 
demonstrate any viral activity. Although the exact 
nature of the viral protein antibody produced by the 
detergent-disrupted virus is yet to be determined, the 
product is highly specific for papilloma virus. 
Witheut the keratin layer of cutaneous warts to 
“trap’ the maturing virions it is not surprising that 
electrer microscopic identification of virus in 
laryageal papilloma has been at best, serendipitous. 








In view of the highly infectious nature of HPV, of 
fundamental importance is whether overt condylo- 
ma in a pregnant female is sufficient indication for 
cesarian section. Unfortunately there is no way to 
predict which infants will develop laryngeal papil- 
loma since it is unlikely that all infants born in the 
preser'ce of condyloma will acquire this disease. At 
this stage the decision for an alternative method of 
delivery must be left to the clinical judgment of the 
inforraed obstetrician in consultation with the pa- 
tient. 


ACKNOWLEDGMENTS — The authors are indebted to Dr. F. Pass for the supply ofthis antiviral serum and to Dr. Bennett Jensen for his cooperation 


in establishing the immunoperoxidase technique. 
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Topical chemctherapy with the antimetabolite 5-fluorouracil (5-FU) has been used as an adjunct to surgical laser excision of 
squamous papillomas arising in the larynx and in the tracheebronchial tree. The drug has been administered intensively to eight patients 
with tracheotomies and disease in both anatomic regions. These patients received repeated instillations of 5-FU at concentrations from 0.5 
to 5% into the laryex and tracheobronchial tree while in the hospital and at home. More than 4,500 doses of the drug have been adminis- 
tered during our phase 1 study. There has been no significant toxicity associated with repeated 5-FU instillation into the airway. Several 
patients developed >lcod-tinged tracheal secretions after the repeated use of high concentrations of the agent. Other complications in- 
cluded coughing, bronchospasm, and peristomal irritation. These symptoms all disappeared after temporary discontinuation of the drug. 
No patient has developed a systemic hypersensitivity response to the drug either detectable clinically or by repeated skin testing. There 
were no adverse effects on the hematologic or hepatic systems. Use of 5-FU was associated with inhibition of papilloma regrowth in six of 
eight patients. The najor limitation to drug effectiveness is the requirement for its frequent administration. 


INTRODUCTION 


Squamous pepillomas arising in the larynx and 
other portions ef the upper respiratory tract have 
been described fcr over 300 years. First differen- 
tiated from other laryngeal masses by MacKenzie’ 
in the late 19tk century, papillomas are the most 
common benign neoplasm of the larynx in the pedi- 
atric age group 


The mechanieal and physical treatment regimens 
for respiratory »apillomatosis are varied.?"* These 
include complete mechanical surgical excision,’ 
cryosurgery,° elsctrofulguration,* ultrasound,’ and 
laser excision.? Each technique can eradicate 
clinically evidert lesions to temporarily control the 
disease; none has been demonstrated to either elimi- 
nate or recuce the rate of recurrences. 


For this reason, topical or locally injected agents 
have been utiliaed as adjuncts to surgical excision. 
These include the steroid hormone diethylstilbes- 
trol,’ podophyliim,* tetracycline,” and idoxuridine, 
an antiviral agent. Each of these agents has pro- 
duced promisinz initial results, but no long-term 
advantage over surgery alone has been demon- 
strated. 


The antimetabolite 5-fluorouracil (5-FUY is an 
antineoplastic agent usually administered systemi- 
cally for treatment of a variety of malignant neo- 
plasms. This drag was first tested extensively as a 
topical agent by Dr. Edmund Klein of the Roswell 
Park Memorial _nstitute. Repetitive application of 


5-FU effectively inhibited the growth of a variety of 
cutaneous neoplasms and preneoplastic lesions. +t" 


This agent has several modes of action. It is a 
competitive inhibitor of thymidine synthetase and 
thereby blocks the methylation of deoxyuridylic 
acid to thymidylic acid. This effect directly in- 
terferes with the synthesis of deoxyribonucleic acids 
(DNA) and indirectly inhibits the synthesis of DNA- 
dependent ribonucleic acids (RNA).'* The drug can 
also directly inhibit RNA synthesis by acting as a 
“false”-base.'* 


Repeated topical application of 5-FU in varying 
concentrations can eradicate or inhibit the growth 
of cutaneous squamous cell carcinomas, bell car- 
cinomas, dysplastic keratoses, and intraoral leu- 
koplakia.**'’ If utilized over extended periods of 
time, 5-FU produced resolution of existing cutane- 
ous lesions and prevented the outgrowth of 
predicted new lesions. 


Topical 5-FU has been previously utilized to treat 
papillomatous and verrucoid lesions of the skin and 
mucous membranes. Hursthouse,'® in a controlled 
study, demonstrated that 5% 5-FU ointment pro- 
duced an absolute cure rate of 60% compared with 
a rate of 7% for a placebo ointment. Dretler and 
Klein’? showed that intraurethral applications of 
5% 5-FU aqueous cream could eradicate genital 
condylomata in each of 20 patients treated. 


Singer et al* initiated the use of topical and local- 


‘Singer H, Tingwald F, Harris H. Personal communication, Nov. 1977. 
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TABLE 1. PATIENT PROFILE 





Age at Onset Parental Genital No. Prior Age at Rx 
Pt. Sex yr Pap. Procedures Onset (yr Pap. Notes 
1 M 2 M-F 57 13.3 LTBP = Auto-vaccine leva- 
misole, MTX 
2 M 0.5 M 50 12.0 LTB Cryo, MTX 
3 F 4 F 11l 7.4 LTB Asthma 
4 M 2 UK 19 8.5 LT 
5 F 2 M 18 6.5 LTB 
6 M 1.1 N 17 3.5 LT 
7 M 3 N 50 12.9 LT 
8 F l M 17 3.0 LT 


L - Laryngeal; B - Bronchial; T - Tracheal; P - Pulmonary; MTX - Systemic methotrexate; M - Maternal disease; F - Paternal disease; UK - Unknown in- 


formation; Pap. - Papillomata; Cryo - Cryotherapy. 


ly injected 5-FU as adjuvant treatment for respira- 
tory papillomatosis at the Cleveland Clinic, begin- 
ning in 1969. These investigators noted a decreased 
incidence of recurrent disease as well as regression 
of some otherwise untreated lesions. They noted no 
significant side effects or airway problems. 


The present study was instituted as a phase 1 in- 
vestigation of the safety and efficacy of topical 5-FU 
preparations as adjuvants to laser excision of rapid- 
ly recurrent papillomatosis of the larynx and 
tracheobronchial tree. 


METHODS 


Patient Population. The eight patients chosen for entry into this 
study protocol were drawn from more than 95 children and 
adolescents with recurrent respiratory papillomatosis followed 
since 1972 by the investigators at the Children’s Hospital Medical 
Center and at the University Hospital, Boston, Massachusetts. 
Each subject had extensive respiratory papillomatosis involving 
the larvnx and the tracheobronchial tree; all were undergoing fre- 
quent laser excisions of their disease in order to maintain an ade- 
quate airway. 


A patient profile is shown in Table 1. There were five males 
and three females ranging in age from 3 to 13 years at the time of 
therapy initiation. All patients had clinical onset of disease at a 
young age (median two years). Five of seven children were born 
to parents known to have had genital papillomata in the perinatal 
period. 


An indwelling tracheotomy tube was a requirement for study 
entry in order to provide ready access to the tracheobronchial tree 
for both medication administration and airway management in 
the event of an untoward reaction to the drug. 


Each child had undergone multiple microlaryngoscopic and 
bronchoscopic procedures at our institutions and elsewhere prior 
to entry into the study. All patients had active papillomatosis in 
the larynx and trachea. Four of eight also had active disease in 
one or both mainstem bronchi. One patient had pulmonary 
papillomatosis; he had previously been treated unsuccessfully 
with autogenous vaccine and levamisole. Two patients with 
severe bronchial papillomatosis had received low dose systemic 
methotrexate with limited success. Our experience with this treat- 
ment modality will be reported elsewhere. * 


Treatment Protocol. The nature of the therapy, its risks and 
possible benefits were discussed in detail with the parents/guard- 
ians and, where possible, with the patients themselves. A stan- 
dard informed consent instrument was formally executed before 
onset of therapy. 


Prior to each endoscopy, a patch test of 5% 5-FU aqueous 
cream on an adhesive bandage was placed on the patient’s volar 


corre mene emia ete 


*Smith HG, Frantz C, Healy GB. Treatment of severe respiratory 
papillomatosis with systemic methotrexate. In preparation. 


forearm to monitor for the development of an immediate or de- 
layed cutaneous hypersensitivity response. Hematologic tests 
(complete blood count, differential, and platelet count), and a 
battery of liver function tests (SGOT, LDH, alkaline phospha- 
tase, tetal direct bilirubin) were obtained. 


At the time of endoscopy, the patch test was examined for local 
erythema and induration. During the direct microlaryngoscopy 
and bronchoscopy, the investigators produced drawings and nota- 
tions of the anatomic extent of disease. After laser excision of visi- 
ble papillomatous disease, 5% 5-FU aqueous cream (0.5 ce = 25 
mg) was applied to all involved mucosal surfaces. A second ali- 
quot of cream was also applied to the tracheotomy tube prior to 
its reimsertion. Early in the study, some children received 5% 
5-FU solution for injection into the bases of laryngeal lesions. 


During the postoperative period, each parent or guardian was 
instructed about the home care to be administered after the pa- 
tient left the hospital. An instruction sheet and treatment diary 
were provided to maintain treatment compliance. Each patient 
began therapy with 0.25 mg/kg of 5-FU topical solution instilled 
into the tracheotomy tube twice daily for four consecutive days 
each week. The tracheotomy tube was to be partially or com- 
pletely removed, coated with approximately 0.5 ce (25 mg) of the 
5-FU aqueous cream, and reinserted. Patients were instructed to 
inhale and then subsequently cough efter intratracheal instilla- 
tion. 


In later treatment cycles, the protecol was expanded to ad- 
minister 5-FU into the larynx and hypopharynx. A volume of 0.2 
cc of a 2.5% 5-FU solution (5 mg) was administered twice a day 
on four consecutive days per week. Patients were instructed to in- 
hale deeply during instillation in order to distribute the medica- 
tion as far as possible into the glottic and subglottic areas. 


Parents/guardians were instructed to discontinue medication 
and tc immediately contact the investigators if tracheal bleeding, 
wheezing, coughing, or dyspnea occurred or persisted. 


Medication. Fluorouracil was previded as a 5% aqueous 
cream, a 5% sterile injectable solution, and a 5% topical solution 
by Hache Laboratories. The agent has been granted an investiga- 
tional drug status for use in this protocol by the Food and Drug 
Administration, Department of Health, Education, and Welfare. 


The topical 5-FU for intratracheal instillation was diluted to a 
total volume of 1 cc and instilled into the tracheotomy tube with a 
tubereulin syringe and a modified No. 22 gauge needle. 


The 2.5% 5-FU solution was administered using a DeVilbiss 
No. 15 sprayer. The 5% 5-FU cream was applied to the 
tracheetomy tube with a sterile cotton applicator stick. 


Analysis of Treatment Results. The efficacy of topical 5-FU 
treatment was assessed by determination of the prevalence of 
papillomatous disease before and after therapy. The mucosal sur- 
faces of the larynx, the trachea, and the proximal bronchial tree 
were divided into 42 distinct anatomic sites (18 supraglottic, 6 
glottic, 4 subglottic, 12 tracheal, and 2 bronchial areas) (Fig. 1). 
Usiag our intraoperative drawings and operative notes, each site 
was scored for the presence or absence of clinically detectable 
papillomatous disease. If any portion of the anatomic site con- 
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Fig. 1. Anatomic divisions for A) laryngeal and B) 
tracheobronchial topographic analysis. 


tained disease, the site was scored as positive. A prevalence index 
was determined by dividing the number of positive sites by the 
total number of sites. The supraglottic and glottic sites 
represented one distinct treatment region best treated by 
laryngeal spray. The trachea and bronchial tree represented the 
second distinct treatment region best treated by the trans- 
tracheotomy route. All sites within each region for all available 
endoscopies were summated for calculation of the prevalence in- 
dex. A chi-square (X*)analysis using a 2 x 2 contingency table was 
used to evaluate the statistical significance of differences in disease 
present at the pretreatment and the treatment endoscopies. 


RESULTS 


Patient Compliance. We were working very 


closely with a small group of parents and guardians; 
their compliance to the regimen was excellent. 
Parents/guardians informed us promptly whenever 
a complication occurred, and were genuinely in- 
terested in working together with us to arrive at an 
individualized regimen well tolerated by the child. 


In each case, a primary working relationship was 
established with only one responsible adult, com- 
fortable with manipulating the tracheotomy tube. 
Four of eight parents/guardians were regularly 
changing their child’s tracheotomy tube prior to en- 
try into the study. The remaining four parents were 
given instruction and practical experience by our 
nursing staff. However, two parents continued to 
be uneasy about completely removing their child’s 
tube; therefore they were encouraged to withdraw 
the tube as far as possible for coating with aqueous 
cream. 


Table 2 is a summary of the medication adminis- 
tered. At the time of writing, the children had been 
on protocol from between 17 to 74 weeks with a me- 
dian of 42.5 weeks. A total of 1,955 doses of topical 
solution, 1,684 doses of cream, and 1,009 doses of 
peroral spray have now been administered. The 
doses administered represent over two thirds of the 
prescribed doses. The difference between the two 
values represents doses omitted due to the onset of 
complications. These will be discussed below. Six of 
eight patients received more than 80% of their 
prescribed doses. 


The majority of patients tolerated the medication 
well. At each endoscopy, the dose of topical solution 
instilled into the trachea was increased by 50%. 
The maximum dose reached without complication 
was 20 mg twice daily. Two patients whose dosages 
escalated above this level to 25 mg and 30 mg, 
respectively, developed profuse bleeding. The 
dosage of aqueous cream was increased by adding 
additional days of administration. The maximal 
number of doses administered was ten per week. At 
the present time, the intralaryngeal spray is being 
administered to seven patients on a regular basis. 
Six are utilizing the spray at the initial dosage. One 
patient is receiving the spray on a daily basis. 


Complications. Table 3 reviews the complica- 
tions which occurred during the trial for each pa- 
tient and for the group as a whole. Whenever one of 


TABLE 2. SUMMARY OF TOPICAL 5-FLUOQROURACIL ADMINISTRATION 
ene 


Pt. Wks on Rx Solution 

1 74 600/790  ( 75.9) 
2 55 360/440 ( 81.8) 
3 32 36/416 ( 8.7) 
4 43 322/344  ( 93.6) 
5 42 164/344 {47.7 
6 29 226/232 ( 97.4) 
ri 18 144/144 (100.0) 
8 17 103/106  ( 97.2) 


Totals 1955/2816 ( 69.4) 


Doses Administered/Prescribed (% ) 


Cream Spra 
503/658  { 76.4) 378/462 ( 80.0) 
360/440 ( 81.8) 16/120 ( 13.3) 

19/416 ( 4.6) TTI224  ({ 34.3) 
322/344 ( 93.6) 163/176  ( 92.6) 
15/168 ( 8.9) 88/176 ( 50.0) 
218/226 ( 96.4) 202/226 = 89.3) 
144/144 (100.0) 96/96 (100.0) 
103/106 = ( 97.2) 39/40 ( 97.5) 


1684/2502 ( 67.3) 1009/1520 ( 66.4) 


TOPICAL THERAPY OF RESPIRATORY PAPILLOMATOSIS 475 


TABLE 3. COMPLICATIONS DURING TOPICAL 5-FLUQROURACIL ADMINISTRATION 





Tracheal Peristomal 
Pt. Bleedin Inflammation 
l 10 7 
9 n aa 
3 3 ee 
4 8 = 
5 12 — 
6 aes 
4 pes as, 
8 l 2 
Totals 34 9 
(%) (48.6) (12.9) 


these symptoms occurred and persisted, the medica- 
tion was discontinued for the remainder of the week 
during which it occurred. If the symptom did not 
immediately stop upon cessation of medication, the 
drug was also omitted during the subsequent week. 
After that time, the medication was resumed but 
the dosage was adjusted downward by 50%. 


At no time did any patient experience airway 
compromise. No patient required hospitalization 
for any symptoms related to the 5-FU administra- 
tion. None of the patients demonstrated any 
changes in their hematologic status or in liver func- 
tion during therapy. The administration of 5-FU 
did not appear to interfere with healing of the 
larynx or the tracheobronchial tree after laser 
surgery, 


The most frequently encountered complication 
was tracheal bleeding. This symptom was associ- 
ated with the administration of both intratracheal 
3-FU medications. Although every patient treated 
had occasional pink tracheal secretions, there were 
34 significant episodes of more marked tracheal 
bleeding in five patients. In no case was the 
bleeding uncontrollable nor were there any asso- 
ciated episodes of airway compromise. Three pa- 
tients had no significant bleeding episodes. 


The bleeding would usually occur 10 to 14 days 
after initiation of the treatment regimen. It would 
begin first as a blood tinged aspirate. In cases where 
the medication was continued, frank but self-lim- 
ited bleeding would occasionally occur with cough- 
ing or suctioning. Four of five patients had cessa- 
tion of bleeding after temporary discontinuation of 
the 5-FU cream. One patient required discontinua- 
tion of both the cream and the topical solution. 


Two of the patients (3 and 5) experienced suffici- 
ent tracheal bleeding to seriously curtail adminis- 
tration of the intratracheal medications. Because of 
this reaction, these patients received between 4 and 
48% of their prescribed doses of topical solution 
and cream. Dosages of both medications have now 
been adjusted downward to levels which, to date, 
have been well tolerated. 


Prolonged coughing after medication administra- 


Broncrospasm 





Significant E-ptsodes of 


Prolonged | 
Coughin Other Illness 





= 5 2 

= 2 3 

6 2 l 

we l Lad 

l 3 as 

7 13 T 
(19.0): (18.5) (10.0) 


tion was the second most common complication. 
Thirteen episodes accounted for 19% of all signifi- 
cant complications reported. In all cases, the symp- 
tom recurred immediately after 5-FU administra- 
tion and ceased several hours after the time of ad- 
ministration. This problem usually stopped after 
reduction of medication dosage. 


One patient (2) developed violent coughing ap- 
proximately one hour after the administration of 
the 5-FU spray. The coughing lasted uninterrupted 
for several hours. For this reason, the spray was 
diseontinued after only 13% of the prescribed doses 
were administered. The cream and topical solution, 
instilled into the trachea, produced no such com- 
plication. No other patient had an undesirable reac- 
tion to the spray. 


Twe patients had significant problems with in- 
flammation developing around their tracheotomy 
incisions after prolonged administration of 5-FU 
cream. In each case, the peristomal rash resolved 
after discontinuation of the 5-FU cream. No other 
topical or systemic treatment was necessary, 


Wheezing occurred in two patients. This com- 
plication along with tracheal bleeding severely 
limited the administration of 5-FU to patient 5. In 
additien to wheezing, this patient also noted the 
onset of a sensation of throat swelling and dys- 
phagia. She experienced only a slight change in her 
voice. She had no difficulties with dyspnea or 
cough, 


There were four episodes cf intercurrent illness 
during which 5-FU administration was halted. 
There were two episodes of pneumonia and five 
episodes of upper respiratory infection. There was 
no increase in the incidence of upper respiratory ill- 
ness in any patient on the protocol. 


Therapeutic Results. We emphasize that the pres- 
ent study was a phase 1 investigation. As such, there 
was no matched control group for comparison with 
the treated group. However, each of the eight pa- 
tients participating had undergone multiple en- 
doscopic procedures prior to initiation of 5-FU 
therapy. A careful review of these procedures 
yielded data which defined an expected prevalence 
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TABLE 4. EXTENT OF RESPIRATORY PAPILLOMATOSIS BEFORE AND AFTER TOPICAL 5-FLUOROURACIL 





- - _ADMINISTRATION 
Prevailing Region of Disease 
Analys:s Period ——__ Laryngeal Tracheobronchial . Total 
1 Pre- ix-8 71/224 (.31) 47í112 {.42) 118/336 (.35 
Rx-% PT 4/56  (.07)" T 4/28 (.14)x 8/84 oe 
Rx-2" PT 11/56 9 (.19) T 9/28  (.32) 20/84  {.24) 
Rx-4 T 37/112 (33) T20/56  (.35) 57/168 (.33) 
Rx- otal 52/224 (23) 33/112 (.29) 85/336 (.25)} 
2 Pre- 2%x-8 16/224 (.07) 53/112 Bn 69/336 (21 
Rx-2 PT 4/56 (07) T 4/28 (.14)4 8/84 03t 
3 Pre- 4x-8 82/224 (.37) 14/112 (.13}§ 96/336 {.28) 
Rx-Z NT 24/56 = (.42) T11/28  (.39) 35/84 (41) 
4 Pre- 2x- 11 179/308 (.88) 22/154 (.14) 201/462 (.43) 
Rx-} NT 21/28  (.75) T 1/14 (07) 22/42  (.52) 
3 Pre- &x-7 126/196 (.64) 65/98  (.66) 191/294 (.65) 
Rx-} NT 18/28  ({.64) T 1/14 (07 19/42  {.45) 
6 Pre- &x-4 51/112 {.46) 23/56 (41) 74/168 (.44) 
Rx-} NT 22/28  (.79) T 5/14 (.35) 27/42 (64) 
Rx-I° T 1/28 (.04)* T 2/14 (14 3142  (.07)* 
7 Pre-2x-2 28/56 (.50) 18/28  (.64) 46/84 = (58) 
Rx-2 T 7/84 (.08)* T 3/42 (.07)" 10/126 (.08)* 
8 Pre- Rx-6 18/28  (.64) 6/14  (.43) 24/42  (.57) 
Rx-2 NT 12/84 (Ll4 T 2/42 (.05)t 14/126 (.11)* 


Prob. Pre-Fx = R: be x; * - P< .0005; | - P<.001; t- P< 01, x- P< 025. 
T- Area treated: “T - Area not treated; PT - Area partially treated: Rx-No. - No. of endoscopic Rx’s summed; Rx-No.’ - Subsequent group of Ryx’s. 


of papilloraatows disease at each anatomic site. 
These “expected” values were compared with the 
“observed” frequencies of disease prevalence found 
at endoscopic p-ozedures carried out during the 
conduct of 3-FU therapy. 


Six of eight pacients had a statistically significant 
decrease in the prevalence of papillomatous disezse 
at treated sites (Table 4). Of the two nonrespond- 
ers, one (3) received relatively few doses of medica- 
tion. The cther (4) did not begin treatment with 
5-FU spray to his larynx, the major site of papilloma 
involvement, until several months ago. A follow-up 
endoscopy has net yet taken place. 


One patient (1+ has undergone an adequate num- 
ber of endoscopic procedures after initiation of 
5-FU therapy. Initially, the prevalence of disease 
decreased in the directly treated tracheobronchial 
tree and in the indirectly treated endolarynx. The 
larynx, treated at the time of endoscopy, was 
treated as part cf -he home treatment regimen by 
repetitively cougning and expelling the medication 
from the trachea into the larynx. Subsequently, 
however, the prevalence of disease became insig- 
nificantly different from that noted prior to 
therapy. Despite the widespread involvement, the 
growth of papillary lesions was not as luxuriant as 
seen in the pretherapy period. 


It is important to emphasize the preliminary 
nature of these therapeutic results. The majority of 
patients have undergone only one to three en- 
doscopies since treatment onset; four of eight pa- 
tients have not had a complete evaluation since 
beginning theravy with the 5-FU spray to the 
larynx. 


The two patients who have demonstrated the 
most dramatic response to the 5-FU treatment (7 


and 8) both had extensive disease in the larynx and 
the upper portion of the trachea. Both tolerated the 
medication well and received a very high propor- 
tion of prescribed doses. When examined at en- 
doscopy, both patients had a marked erythematous 
reaction in the mucosae of the trachea and bronchi. 
Neither patient has had a significant complication 
of the therapy to date. 


Another indicator of therapeutic effectiveness 
was an increase in the time intervals between 
recommended endoscopies. For three patients (1, 2, 
and 8) this interval at least doubled; in each case the 
difference in time interval was statistically signifi- 
cant as assessed by the Student t-test. Two other 
cases had a decrease in recommended interval but 
insufficient data were available for statistical 
analysis. 


Six of eight parents/ guardians reported that their 
child showed improvement in eating habits, voice, 
and/or general well-being while on the 5-FU 
therapy. Two children (8 and 6) communicated for 
the first time with laryngeal speech while on the 
drug. This type of information, while subjective 
and anecdotal, is nonetheless gratifying. 


DISCUSSION 


Recurrect respiratory papillomatosis is a disease 
affecting large geographic fields of mucosa in the 
upper airway of children and adults.”* The lesions 
tend to recur at sites of previous involvement and 
spread to new sites lower in the airway, particularly 
after creation of a tracheotomy.’ 


Despite the precise and complete eradication of 
visible disease using instruments such as the CO, 
surgical laser, the papillomatosis can recur and pro- 
gress. An adjuvant treatment is needed which can 
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effectively eradicate microscopic deposits of 
papillomatosis and preneoplastic lesions. Such an 
agent must be readily administered, safe, and uni- 
formly effective. Since the agent must be applied to 
large areas of mucosa, it should have a minimal ef- 
fect on the growth and healing of normal tissue. 


The properties of 5-FU reported in the literature 
suggested that this drug may be a useful adjuvant. 
Our study confirms the observations of others +°% 
that topical 5-FU can be applied repeatedly to 
mucosal surfaces without severe complications or 
interference with normal healing functions. This 
phenomenon is explained by the studies of Eaglstein 
et al which demonstrate that topically applied 
5-FU selectively penetrates neoplastic and dysplas- 
tic tissue. In contrast, intradermally injected 5-FU 
effected DNA synthesis in both normal and neoplas- 
tic tissue. 


As in Klein’s studies” on cutaneous and intraoral 
lesions, the success of 5-FU treatment in this study 
was dependent upon the repeated application of the 
drug and the accessibility of the lesions to be 
treated. It was disappointing to us that the patient 
on the protocol for the longest period of time (1) 
seemed to have developed disease at least partially 
resistant to therapy. Klein also found that certain, 
very aggressive tumors previously and unsuccessful- 
ly treated with other modalities, tended to become 
resistant to 5-FU therapy. 


In order to investigate this phenomenon, we have 
begun to collect tissue specimens of the residual 
fragment 3 of papillomatous disease. The prelimi- 
nary data from three of our patients indicates that 
residual papillomas are more hyperplastic and, in 
some fields, more dysplastic than the papilloma tis- 
sue biopsied prior to therapy. More tissue specimens 


mus: be studied in order to draw any definite con- 
clusinas. 


It is likely that the 5-FU therapy is selecting out 
mcre aggressive papilloma cells rather than creat- 
ing dysplastic changes in the tissue. Studies of long- 
terr administration of 5-FU for treatment of pre- 
neoplastic lesions indicates that the drug eliminates 
such kesions and prevents rather than fosters the 
ouigre wth of cutaneous malignant neoplasms." 


It is interesting that none of our patients devel- 
opec eutaneous hypersensitivity to the 5-FU. Man- 
sell et al”? found that 11 of 15 patients undergoing 
topical 5-FU therapy for cutaneous neoplasms de- 
veloped a positive skin test to the drug. In that 
series, the success of therapy correlated positively 
with tae development of this systemic hypersensitiv- 
ity, Several of our patients did develop mucosal 
erytarma, but it is likely that this phenomenon is due 
to a {rect effect of the 5-FU on the mucosa. Strong 
et al? has previously reported the results of a 
prelarinary study which suggested that patients 
with severe papillomatosis may have partial or com- 
plete suppression of their cell-mediated immune 
functions. Such a phenomenon may render our pa- 
tients incapable of producing a cutaneous reaction 
to 5 FU and may inhibit the development of any 
immune reaction to the drug. 


Tais study represents a beginning. To prove that 
topieal 5-FU is a valuable adjuvant to surgical exci- 
sion of respiratory papillomas will require a large 
contrclled, randomized study. Since the majority of 
patierts with respiratory papi:lomatosis fortunately 
do mo require a tracheotomy, drug administration 
mus’ be carried out via a peroral route. We are cur- 
rent y conducting such a study in older adolescents 
and adults with papillomatosis. 
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The pathogenesis of otitis media is poorly understood, and the events leading to bacterial invasion of the middle ear cleft and resulting 
inflammation are a matter of conjecture. While Streptococcus pneumoniae is the most frequent microbe cultured from acute, purulent 
middle ear effusions, it is infrequently cultured from nonsuppurative serous snd mucoid effusion. To explore the possibility that nonviable 
pneumococci persisting in the middle ear cleft might produce mucosal inflaramation, a solution of heat-killed pneumococci was placed in 
the middle ear cavity of experimental animals. Mucoperiosteal patholœæy which followed inoculation included an active, early 
subepithelial inflammatory response, metaplasia of the lining epithelium anc leter new bone formation. Thus, nonviable pneumococci are 
capable of producing middle ear inflammation, and it is possible that persist-nce of whole nonviable organisms or subcellular components 
in either middle ear effusion or mucoperiosteum may lead to continued micdE ear inflammation or nonsuppurative otitis media. 


INTRODUCTION 


Otitis media is a common disease and a signifi- 
cant world health problem. Although otitis media is 
well recognized at a clinical level, its pathophysi- 
ology is poorly understood. In experimental acute 
pneumococcal otitis media, an acute inflammatory 
response is established soon after the introduction of 





Fig. 1. A comparison of the middle ear mucosa (MEM) 
in the right and left middle ear cavities. The MEM on the 
right is thickened, with a widened subepithelial space 
(SES) three days after a heat-killed pneumococci solution 
was introduced. The middle ear effusion (MEE) is evident 
superiorly on the right side. (x40) 


pneinococci into the middle ear cavity.! An acute 
infi tration of polymorphonuclear leukocytes in the 
sub=pithelial layer, often with disruption of the ov- 
erlying epithelium, leads to purulent middle ear ef- 
fusbn.'-° Infection with Streptococcus pneumoniae 
in Pumans is associated with rapid multiplication of 
baceria which may be possible because this organ- 
ism possesses a capsule which resists phagocytosis.’ 
The mechanism of host injury, however, is not 
known. In recent years, bacterial surface structures 
and many by-products of bacterial growth have 
bee biochemically and immunologically charac- 
terized. These antigenic and enzymatic components 
are 2apable of inducing host reactions ranging from 
immediate anaphylaxis to delayed hypersensitivity. 
It is reasonable that similar mechanisms play a role 
in the development of purulent otitis media, and 








“ig. 2. A high magnification view of the MEM in right 
middle ear cavity, seen in Figure 1. The SES is widened, 
~vith increased intercellular spaces and dilated vessels. 
©ccasional WBCs are present and the MEE is visible 
everlying the epithelium. (x500) 
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Fig. 3. A comparison of the MEM in the right and left 
middle ear cavities seven days after the HKB solution was 
introduced on the rght side. A MEE is present on the right 
side and the MEM is thickened. (x40) 


possibly of nonsudpurative middle ear effusions. As 
pneumococci are cultured most frequently from acute 
purulent effusiors in man,*’ this study was de- 
signed to examine the possibility that nonviable 
pneumococci per-isting after the acute phase of in- 
fection might lead to nonsuppurative effusion with 
mucoperiosteal pathology. 


METHODS 


Streptococcus pneuwnoniae type 23B (type 65 by American 
nomenclature) was used.' The organism was passed through mice 
each month, to maintain encapsulation and virulence. 
Pneumococci were subcultured for use in each experiment in beef 
heart infusion broth with neopeptone. Stationary phase 
pneumococci were washed and suspended in phosphate buffered 
saline (PBS) to 10° cdlony forming units (cfu) per milliliter. In- 
tact, nonviable heat-killed pneumococci (HKB) were obtained by 





Fig. 4. The thickened MEM from the right middle ear 
cavity in Figure 3 is seen in high magnification. Dilated 
vessels are present as are a number of mononuclear leuko- 
cytes in the widened SES. A MEE is present in the middle 
ear cavity. (x500) 





Fig. 5. Field shows metaplastic epithelium overlying the 
apex of the cochlea in the right middle ear cavity from 
Figure 3. A secretory epithelium has replaced the normally 
simple squamous one. EP - Epithelium. (x350) 


heat-killing the bacterial suspension in a water bath at 18.3 C 
(65F) for 45 minutes.’'° Culture of HKB consistently showed 
sterility. Quellung reaction using type 23 antiserum (Statens 
Serums-institut, Copenhagen, Denmark) showed capsular swell- 
ing in all HKB suspensions. 


Healthy adult chinchillas served as the experimental animal in 
this study. An experimental model of acute otitis media due to S 
pneumoniae has been previously described using this animal, and 
results of this study may be compared with the previous data.'""’ 
For the experiments, 0.1 cc of the HKB solution or sterile PBS was 
inoculated into the right middle ear cavity via a transbulla ap- 
proach under ether anesthesia, and animals were sacrificed 3, 7, 
14 and 21 days later for histologic evaluation. The left ear of each 
animal served as a normal control for histologic comparison. 
Standard techniques were used for the preparation of temporal 
bone specimens.’ After sacrifice, the animal was perfused with 
Heidenhain-Susa solution. Specimens were washed, decalcified, 
dehydrated and embedded in celloidin. Horizontal cuts through 
the temporal bones were stained with hematoxylin and eosin for 
subsequent histological evaluation. 


MEM 





“ Bew! SN BR 
Fig. 6. A comparison of the MEM in the right and left 
middle ear cavities 14 days after the HKB solution was in- 


troduced on the right side. The right side continues to have 
dilated vessels in a widened SES. (x40) 
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Fig. 7. The MEM over the apex of the cochlea shows se- 
cretory metaplasia in a higher magnification view of the 
right middle ear cavity of Figure 6. A small amount of 


MEE and some chronic inflammatory cells are also pres- 
ent. (x120) 


RESULTS 


In a preliminary study, 1.5 cc of the sterile PBS 
solution was injected into both ears of five animals. 
No evidence of middle ear effusion or other patho- 
logical change was present after three or seven days 
in any animal, and cultures of the middle ear cavi- 
ties at sacrifice of these animals were sterile. 


Three and seven days following unilateral inocu- 
lation of HKB serous effusions were present in the 
middle ear cavities of all experimental animals (Fig. 
1). Histologic changes of the middle ear mucoperi- 
osteum at day three included mucosal thickening 
with an edematous subepithelial space containing 
occasional polymorphonuclear leukocytes (PMNs) 
(Fig. 2). These same changes were visible at day 
seven (Figs. 3 and 4), but mononuclear leukocytes 
replaced the PMNs. Subepithelial space thickening 
persisted through day 14 (Fig. 6). Epithelial meta- 
plasia developed by day seven with replacement of 
squamous epithelium by secretory epithelial cells 
(Figs. 5 and 7). Evidence of new bone formation 
was present in the subepithelial space at days 14 





Fig. 8. Focal areas of new bone formation are visible in 
other areas of the SES of the MEM in the right middle ear 
cavity of Figure 6. Mild squamous metaplasia of the epi- 
thelial layer is also present. NB - New bone. (x120) 
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widening of the SES and evidence of new bone formation. 
(x40) 


and £1 (Figs. 8, 9 and 11). The mononuclear cell in- 
filtrate persisted in the subepithelial space through 
day 21 (Fig. 10). Cultures from the middle ear cavi- 
ty taxen at sacrifice from all animals were sterile. 
No histologic changes were seen at any time in the 
contralateral control ear, and inner ear histology 
was normal bilaterally in all animals. 


DISCUSSION 


The pattern of injury in the middle ear of ex- 
perimental animals following the inoculation of 
nonviable HKB consisted of edema of the subepi- 
thelial space accompanied by a mild inflammatory 
response and epithelial metaplasia. Within three 
weeks, new bone formation was seen in the sub- 
epithelial space. These changes appear to be non- 


EP 


F ig. 10. The epithelial layer of the MEM in the right 
middle ear cavity shows mild sanon metaplasia, in a 


higher magnification of Figure 9. Frequent mononuclear 
WBGCs are present in the SES. (x120) 
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Fig. 11. Areas øf new bone formation in the SES and nu- 
merous mcononuciear leukocytes are present in other areas 
of the SES in the right middle ear at 21 days. (x120) 


specific reactions to injury and common sequelae of 
the inflammatory response,'*’’? as the subepithelial 
space appears to play a key role in the recognition of 
foreign materials as well as mounting portions of 
the immune pesponse.*'* Similar nonspecific 
changes can be found in serous and mucoid otitis 
media in humans. 


Pneumococci produce a number of intracellular 
enzymes and are surrounded by a complex peptido- 
glycan-teichoic acid cell wall and type-specific cap- 


sular polysaccharides. Thus, the mechanism of in- 
jury from HKB may be related to these subcellular 
products or surface antigenic components. Some 
aspects of the role of the bacterial enzymes in 
damaging the middle ear have recently been dis- 
cussed,'® and it appears that the pneumococci pos- 
sesses enzymes which are capable of causing epithe- 
lial disruption and a brisk inflammatory response. 
The exact nature and role of these components re- 
mains to be clarified. 


The results of this investigation may apply to 
some types of otitis media in humans. Bacteria may 
play a role in the pathogenesis of serous and mucoid 
otitis media since culture of these effusions yields 
aerobic pathogens in approximately 30% of 
cases.'°'? The presence of immunoglobulins, 
lysozyme and other host-produced bacteriostatic 
substances provides further indirect evidence that 
bacteria contribute to the development or persis- 
tence of these nonsuppurative types of otitis media. 
This study suggests that the presence of nonviable 
pneumococci in the middle ear cleft causes histo- 
pathological changes in the mucoperiosteum and 
sterile serous effusion for a prolonged period. This 
observation lends further support to antimicrobial 
and immunologic prophylaxis which might prevent 
initial colonization of the middle ear left by 
pneumococci. 
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PATIENT 


This 24-year-old female presented to an ophthal- 
mologist with a three-month history of blurred vi- 
sion. On physical examination, an upper bitem- 
poral hemianopsia was noted. No other neuro- 
logical abnormalities were present. Because of the 
radiographic findings (discussed below) an en- 
docrinological consult was obtained. No hormonal 
abnormalities were discovered. However, on physi- 
cal examination, bilateral galactorrhea was noted. 
There was no history of amenorrhea. 


RADIOGRAPHS 


Radiographic evaluation included skull films and 
pluridirectional tomography of the sella. These 
showed a sella normal in size, but with erosion of 
the postero-inferior floor. There was diffuse in- 
creased density within the sphenoid sinus (Fig. 1). A 
contrast-enhanced computerized tomographic scan 
(CT) was obtained. This revealed a large, contrast- 
enhancing mass within the sphenoid sinus and sella, 
which extended into the suprasellar region (Fig. 2). 
A metrizamide cisternogram (6 cc metrizamide, 170 
mg I,/cc) was performed to further delineate the 
suprasellar extent. A transphenoidal operation was 
then performed. A large pituitary adenoma was re- 
moved. 


DISCUSSION 


This case illustrates the evaluation of a mass 
which occupies the sphenoid sinus, sella turcica, 
and suprasellar region. There are several excellent 
articles which discuss the differential diagnosis of 
lesions in each of these areas. > The differential 
diagnosis is extensive and it is beyond the scope of 
this report to discuss each diagnosis in detail. The 
main diagnoses in this case include pituitary ade- 
noma and sphenoid sinus mucocele. 


Pituitary adenomas comprise 8-10% of intra- 
cranial tumors. Routine views and tomography of 
the sella may reveal sellar enlargement, erosion of 
the lamina dura of the sella, and/or calcification 


mee te rn arate 


(1-6%). Involvement of the sphenoid sinus, to the 
extent of our case, is unusual. Computed tomogra- 
phy with intravenous or intrathecal contrast mater- 
ial is superior to pluridirectional tomography in de- 
monstrating the extent of the tumor in important 
contigaous areas (infratemporal fossa, nasophar- 
ynx, orbit, suprasellar and/or parasellar).* Pituitary 
adenomas frequently demonstrate moderate or marked 
contrast enhancement with intravenous contrast 
material, particularly the suprasellar and extrasel- 
lar extensions. Confusion with an internal carotid 
artery aneurysm may exist and angiography is indi- 
cated. The use of metrizamide, a water-soluble 
nonionic contrast agent, is helpful in further defin- 
ing the outlines of the tumor in the suprasellar re- 
gion, as the tumor may destroy the adjacent supra- 
sellar cistern. 


Mucoeeles of the sphenoid sinus are evaluated 
with plain films of the sinuses and pluridirectional 
tomography. Findings include expansion of the si- 
nus, with or without thinning and interruption or 
sclerosis of the sinus walls. When bone destruction 
is advanced, the diagnosis is particularly difficult, 
and differentiation from large rapidly growing pi- 
tuitary neoplasms and primary or metastatic neo- 
plasms may be impossible. However, CT with in- 
travenous contrast enhancement shows no increase 
in density. If in the rare event there is an intra- 
cranial extension, the mucus and/or purulent con- 
tents are of lower density than the surrounding 
cerebral tissues. In both pituitary adenomas and 
sphencid sinus mucoceles, coronal as well as axial 
CT images are preferable.*’ 


In summary, the distinction between these two 
entities may be confusing clinically as well as radio- 
graphically. If there is extension of a mucocele 
superieriv into the sella and suprasellar region, or if 
there is spread of a pituitary adenoma inferiorly in- 
to the sphenoid sinus, the plain film and tomo- 
graphic findings may be identical. However, dif- 
ferentiation may be made by CT with utilization of 
contrast-enhancement since sphenoid mucoceles 
rarely enhance whereas pituitary tumors frequently 
do so. 


From the Department of Radiology, Massachusetts Eye and Ear Infirmary, Bosten, Massachusetts. 
REPRINTS — Alfred L. Weber, MD, Department of Radiology, Massachusetts Eye ard Ear Infirmary, 243 Charles Street, Boston, MA 02114. 
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Fig. 1. Routine polytomes of the sella and sphenoid 
sinus. A) Lateral view. There is diffuse density in the 
sphenoid sinus. The postero-inferior sellar floor is 
eroded (arrow). B) AP view. Diffuse increase density 
within the sphenoid sinus. 


Fig. 2. A) Axial computed tomography (contrast-enhanced) at the 
level of the sphenoid sinus (arrow), showing a mass within the sinus. 
B) CT scan at the level of the sella, showing a mass in the sella. C) CT 
at the suprasellar level. There is a contrast-enhancing area in the 
suprasellar region. D) A coronal CT shows the mass in the suprasellar 
region (arrow) as well as the mass in the sphenoid sinus. 
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BOOK REVIEWS 


Diseases of the External Ear: An Otologic-Dermatologic Manual 


By Ben H. Senturia, Morris D. Marcus, and Frank E. Lucente. 
Second edition. Hard cover, black and white and color il- 
lustrations, indexed, 194 pages, 1980. Grune & Stratton, 
New York. Price: $30.00 


It was a pleasure to have the opportunity to review the second 
edition of Diseases of the External Ear. The authors set forth their 
objectives for this book in their preface in a very lucid way and 
then adhere to these objectives in the text. A marked evolution in 
both content and style has occurred when compared and con- 
trasted with the first edition. 


This book is appropriate for otolaryngologists at every level and 
all physicians who treat patients with diseases of the head and 
neck. It is also well referenced and makes a good source book. It 
has been written with great attention to including only the most 
important features that a practitioner should need. The section on 
anatomy is much better illustrated than it was in the first edition 
and presents not only the anatomy, but also the very important 
subject of production and the contents of cerumen, and its impor- 
tance in the external auditory meatus. It also presents the impor- 
tant microbiology in summary form rather than going into great 
detail. 


Techniques of examination were not included in the first text, 
but are in the second. This section is very well illustrated and em- 
phasizes the practical points of examination in detail. This is an 
extremely important section and makes excellent reading for be- 
ginning residents in otolaryngology and family practitioners. 


The principles of therapy and prophylaxis for infections in the 
external ear are discussed thoroughly. These principles are der- 
matologic in nature, consequently the therapy for skin disorders is 
outlined. This important information can be applied by head and 
neck physicians not only in treatment of diseases of the external 
ear but in diseases of skin elsewhere in the head and neck region. 


The section on diseases due to infection is excellent, and has in- 
corporated in a much more readable and lucid manner the aspects 
which made up separate chapters in the first edition. This section 
has been updated and the out-of-date remedies have been omitted 
and the etiology, diagnosis, management and prophylaxis are dis- 
cussed stepwise and details are provided for the interested reader. 


The remaining sections on treatment of various other diseases 
have been expanded, brought up-to-date, and much improved. 
Of particular interest are the chapters on malformations and 
tumors, which were only hinted at previously. These are well 
described and nicely illustrated. 


The book is profusely illustrated with color plates. The quality 
of the reproduction of color is not as good as one would have de- 
sired, but in most cases, the points are made in a dramatic way. 


In summary, this is a very useful and very readable book which 
provides the details necessary for good understanding and 
diagnosis of management of diseases of the external ear. 


EUGENE N. Myers, MD, FACS 


Pittsburgh, Pennsylvania 


Diseases of the Oral Mucosa 


By Philip L. McCarthy and Gerald Shklar. Hard cover, black 
and white illustrations, indexed, 559 pp, 1980. Lea & Febig- 
er, Philadelphia. Price $47.50. 


This outstanding book was written by Dr. McCarthy, a Dip- 
lomate of the American Board of Dermatology and Dr. Shklar, a 
Diplomate of the American Board of Oral Pathology and of the 
American Board of Periodontology. The authors have continued 
to be active in teaching, practice and in research at Tufts Univer- 
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sity School of Dental Medicine and Harvard School of Dental 
Medicine. The unusually broad coverage of the book is clearly a 
result of the excellent background and training of the authors. 


It has been some 15 years since the first edition of the book 
which has been unavailable for the past several years. The authors 
are interested in introducing in the revised book the many ad- 
vancements of ultrastructural and experimental studies and 
descrive the significant advances particularly with regard to new 
diagnostic procedures, therapy, and management. The text has 
been expanded to include chapters on immunopathology and ge- 
netic disease, experimental pathology and vestibulobullous dis- 
eases. The book contains a large number of black and white il- 
lustrations, some good ultrastructural illustrations and black and 
white drawings. Illustrations are evident throughout the book 
dealing with oral manifestations of systemic diseases. The total 
absence of color illustrations is a striking deficiency. 


One is impressed by the extensive experimental studies per- 
formed by Dr. Shklar especially in experimental pathology of oral 
mucous membrane diseases. There are outstanding chapters ori- 
ented towards the histochemistry and histopathology ef der- 
matologic lesions which involve the oral cavity. There is a well- 
written and well-illustrated chapter dealing with benign tumors 
and tumor-like lesions. This book will be of particular interest to 
the otolaryngologist, who observes all forms and varieties of le- 
sions ef the oral cavity in his routine, everyday practice and needs 
some authoritative text to identify the nature and seriousness of 
these findings. It will also be of interest to the dermatologist, den- 
tist, pediatrician, and general practitioner. 


BEN H. SENTURM, MD 
St. Louis, Missouri 


Hals- asen-Ohren-Heilkunde in Praxis und Klinik, Band 5, Ohr 
(The Ear) 


Edited by J. Berendes, R. Link, and F. Zollner. Hard cover, 
982 color and black and white illustrations, 56 tables, indexed, 
1240 pages, 1979. Georg Thieme Verlag, Stuttgart. Price: 
DM 648. 


The new edition of this volume has 26 chapters written by 37 
authors of international renown. 


Embryology, anatomy and histology of the ear are extensively 
covered, including a chapter on the ultrastructure of the laby- 
rinth. In seven different chapters the physiology and patho- 
physiology of middle and inner ear are thoroughly and master- 
fully presented. Audiometry in all its different and most modern 
aspects is described in three chapters. One chapter deals with the 
current x-ray examination of the temporal bone, another chapter 
very thoroughly covers the latest on eustachian tube function 
testing. Inflammatory diseases of the ear and their manifestations 
take up four special chapters. Temporal bone neoplasms, facial 
paralysis, otosclerosis, traumatic injuries of the ear and traumatic 
injuries of the temporal bone each have a special chapter. Two 
chapters deal with vestibular function testing and vestibular 
physiology. The science of otology and its up-to-date achieve- 
ments-are thoroughly and scholarly presented in depth. 


Mos: illustrations are clear and convincing. Bibliography is ex- 
tensive and complete. 


This well-written volume is recommended for medical schools, 
university clinics and teaching insitutions, as well-as researchers in 
the field. Since it appears in the German language, it does not 
serve the needs of the practicing otolaryngologist in the English- 
speaking countries. 


KARL H. SIEDENTOP, MD 
Chicago, Illinois 
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Sensory Systems and Communication in the Elderly, Volume 10, 
Aging 
Edited by j. Mark Ordy and Ken R. Brizzee, Hard cover, black 
and white illustrations, indexed, referenced, 322 pages, 
1979. Raven Press, New York. Price: $25.00 
Presbycusis is one of the largest categories of hearing impair- 
ment. However, it has defied good understanding or clarification 
because of 1) the difficulty of separating peripheral from central 
contributions, 2) the multiplicity of probable causes for both 
peripheral and central dysfunctions with age, and 3) the difficulty 
of excluding other factors, eg, prolonged noise exposure, as the 
cause of hearing impaizment in old persons. Understanding of the 
basis for or treatment of presbycusis will not be easy to derive 
from this bock for two reasons. First, about half of the boek is 
about vision with several other chapters given to chemical, 
vestibular and somesthetic sense, autonomic mechanisms, motor 
control systems and psychologic coping. Second, the two chapters 
devoted specifically to audition and verbal communication are of 
limited value. “Age differences in the functional and structural 
organization of the auditory system in man” by the editors and 
their colleagues is a sketchy literature review without much 
sophistication. “Aging and speech understanding” by Pickett, 
Bergman and Levitt was adapted from a CHABA report. Its main 
value is its identification of the issues relative to speech under- 
standing as a functien of age, its review of contemporary studies, 
and its call fer the partialing out of the variables in central pro- 
cessing as well as the variables of peripheral pathology in any 
study of speech discrimination. 


The chapters on vision, particularly those reporting the results 
of specific behavioral and electrophysiologic studies, dogive some 
insight into both peripheral and central changes with age which 
may be generalized ta the ear and auditory function. In par- 
ticular, the chapter by Bartus (Effects of Aging On Visual Mem- 
ory, Sensory Processing and Discrimination Learning in a Non- 
human Primeste) and by Elias (A Life-Span Perspective on Cere- 
bral Asymmetry and Information Processing with an Empkasis 
on the Aging Adult) provide some insightful overviews. An ex- 
tended quotation from the former illustrates this point. 


oe 


. . many of the age-related impairments in learning ability do 
not necessarily reflect a deficit in associative mechanisms, per se, 
but rather are manifested because of deficiencies in motivation, 
attention, color discrimination and visual acuity, . . . and in- 
creases in behavioral rizidity or perseverative tendencies . . . Ít is 
clear that when the task is arranged so that the aged subject (a) is 
properly motivated,.(b: is familiar with the task situation, (c) can 
easily attend to, process, and discriminate the relevant informa- 
tion, (d) can easily execute choice responses, and (e) does not have 
to contend with competing response predispositions, the simple 
formation of mew associations may not be consistently or seriously 
impaired. Whether this should be considered evidence of-a lack of 
genuine learning disabilities in the aged is not the central issue 
here. Rather what is important is that if this analysis is accurate 
and the ability to form new associations does not necessarily de- 
cline with old age, it should be possible (through careful 
planning) to arrange many situations so that the learning of new 
tasks or the formation of new habits is not seriously impaired in 
the aged population.” 


ROBERT GOLDSTEIN, PhD 
JupitTH E. Hirscy, PhD 


Madison, Wisconsin. 


Evaluating Research in Speech Pathology and Audiology 


By Ira M. Ventry:and Nicholas Schiavettri, with a chapter by 
Teri A. Denson. Hard cover, black and white ilustratiens, 
indexed, referenced, 356 pp, 1980. Addison-Wesley Publish- 
ing Co., Reading, Massachusetts. 


This is intended te be a textbook for a course designed to teach 
graduate stucents in speech pathology and audiology how to 
understand and critica. ly evaluate research. Few such textbooks 
exist and, as the authors note, related books from the fields of 
psychology and education are only peripherally related. The need 
for such a textbook is evident. 


The vast majority of practicing professionals in speech 
pathology and audiology have only limited training in evaluating 
research. In fact, the elimination of master degree theses re- 
quirements from training programs in recent years has reduced 
the emphasis on research evaluation. Yet licensure requirements 
and competent clinical practice necessitate that professionals be 
able to critically evaluate research articles. This textbook then 
should also be of some benefit to many practicing clinicians. 


The book is organized into three major sections, each contain- 
ing a number of separate chapters. The first section categorizes 
the types of research found in speech pathology and audiology 
journals and describes some of the general considerations related 
to research design. It ends with a chapter covering the organiza- 
tion, manipulation and presentation of research data. The second 
section separately defines and explains the major divisions of 
typical research articles. It describes the introduction, method, 
results, discussion, and conclusion portions of research articles. 
The final section employs a pragmatic summary of the previous 
two sections. Published articles existing in the literature, one in 
language and one in audiology, are reprinted in their entirety and 
critically evaluated with respect to the concepts presented in the 
first two sections. 


This well-written textbook achieves its purpose. Although 
many different organizational schemes could have been used, the 
existing organization is particularly appropriate. It is logical, con- 
sistent, and relevant to the needs of the student. The exercises at 
the end of each chapter are directly related to the current 
literature in speech pathology and audiology and are generally 
quite thorough. The individual concepts presented in a chapter 
should be well understood if the exercises are completed. 


The text has some inadequacies, however. First, some impor- 
tant concepts were treated superficially. For example, concepts 
related to differences between descriptive and inferential 
statistics, operational definitions, and relevant differences vs 
statistically significant differences, are mentioned but should be 
covered in greater depth. The issues related to data presentation 
are covered too briefly. Second, some minor errors exist. The 
authors’ own presentation of data shows an inadequate, or lack, 
of labeling on certain axes of some graphs. Some nominal data 
which should be presented with bar graphs were connected with 
straight lines. Some important terms (such as asymptote} were 
used incorrectly. 


These criticisms are not serious however. In fact, since most of 
the major points are covered and errors are minor, the text can 
serve as a springboard for excellent class discussions. I see this text 
becoming widely used in speech pathology and audiology training 
programs for seminar courses, independent study courses, and 
journal clubs. It should also become a reference for practicing 
clinicians. 


GERALD R. PopELkKa, PhD 


St. Louis, Missouri 


Microlaryngoscopy and Endolaryngeal Microscopy 


By Professor Dr. med. O. Kleinsasser. Translated by P. M. 
Stell. Hard cover, black and white and color illustrations, 167 
pages, 1979. University Park Press, Baltimore. Price:$64.50 


Kleinsasser’s primary work in endolaryngeal microsurgery was 
well documented in the first (1968) edition of this work. The sec- 
ond German edition (1976) and its English translation (1979) are 
even more beautifully illustrated. Not only has the number of il- 
lustrations increased by about one third but many of the original 
illustrations have been replaced. The result is most pleasing; the 
photographs have a three-dimensional realism perhaps unequaled 
in any other such work. The text has been updated (to 1976) and 
increased in length by 40% reflecting the author's experience with 
over 3000 cases. 

Professor Kleinsasser has given us not only a handsome atlas but 
a text which is a testament to the place which microsurgery holds 
in the practice of modern laryngology. 


GABRIEL F. Tucker, JR. MD 


Chicago. Ulinois 








HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 
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MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from— 


WR mepicat 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 





BOOKS RECEIVED 


New Directions in Peblic Health Care. A Prescription for the 1980s 


Edited by Cotton M. Lindsay, MD. Index, black and white il- 
lustrations, seft cover, 300 pages, 3rd edition, revised, Institute 
for Contemporary Scudies, San Francisco. $6.95. 


Rocca Pneumatica £. Vacuum Petrosum 


By Prof. Atessancro Fioretti. Index, black and white illustra- 
tions, hard cover, summary in English, French, German, Italian 
and Spanish, 138 pages, Piccin Editore S.A.S., Italy. 


Terminology əf Coramunication Disorders 


By Lucille Nicolo, MA, Elizabeth Harryman, MA, and Janet 
Kresheck, PhD. Black and white illustrations, soft cover, 273 
pages, Book Review Audit, The Williams & Wilkins Company, 
Baltimore. $14.50. 


Thalamocortical Orzanization of the Auditory System in the Cat 
Studied by Retrograde Axonal Transport of Horseradish Peroxidase 


By Prof. Dr. Kahee Niimi and Hiroaki Matsuoka. Index, black 
and white illustratieas, soft cover, 51 pages, Springer-Verlag New 
York, Inc. $19.25. 


Environmental Noise Control 


Selected reprints =dited by Thomas D. Rossing, PhD. Black 
and white illustrations, soft cover, 196 pages, Publications 
Department cf American Association of Physics Teachers, Stony 
Brook, New York. $5.C0. 


Mammalian Vestibtzar Physiology 


By Victor J. Wilsen and Geoffrey M. Jones. Index, black and 
white illustrations, aard cover, 366 pages, Plenum Publishing 
Co., New York. $32.50, 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 
Ann Arbor, Michigan 


Malcolm D. Graham, MD, Course Director 


Dec. 1-5, 198%; 1an, 12-16, 1981; March 2-6, 1981; 
May 4-8, 19&1; June 1-5, 1981; Oct. 19-23, 1981; 
aad Nov. 30-Dec. 4, 1981. 


These intensive one-week courses will emphasize 
surgical and @matomical approaches to temporal 
bone and will be presented in a manner relevant for 
the otologic surgeon, utilizing lectures and video- 
tape presentatiens of surgical techniques, as well as 
temporal bone dissection. 


Both mornings: and afternoons will be spent in the 
dissection laboxatory, thereby giving extensive drill- 
ing experience n both temporal bone anatomy and 
surgical techniques. Lectures and demonstrations 
will be provided by members of the faculty of the 
Dept. of Otorhinolaryngology and Kresge Hearing 
Research Institate, hereby uniquely blending basic 
science and clirical otologic instruction. Drill hand- 
pieces and dissection instruments will be provided. 


FEE — $1000 for each physician 


For further infe-mation contact: Malcolm D. Graham, 
MD, Dept. of Otorhinolaryngology, Kresge Hearing 
Research Institwte, University of Michigan Medica 
Center, Ann Arbor, MI 48109, (313) 764-4131 or (313) 
763-5115. A45 


Tumors of the Head and Neck 


By John G. Batsakis, MD. Second edition, black and white il- 
lustrations, hard cover, 561 pages, The Williams & Wilkins Com- 
pany, Baltimore. $46.00. 


Acoustic Tumors — Volume I: Diagnosis: Volume Il: Management 


Edited by William F. House, MD, and Charles M. Luetje, 
MD. Index, black and white illustrations, hard cover, 297 pages, 
$29.50 for Volume I, and 280 pages, $19.50 for Volume II. 
University Park Press, Baltimore. 


Recent Advances in Otolaryngology, No. 5 


Edited by T.R. Bull, FRCS, Joselen Ransome, FRCS, and 
Harold B. Holden, FRCS. Index, black and white illustrations, 
hard cover, 242 pages, Churchill Livingston/Medical Division of 
Longman Inc., New York. $32.50. 


Neurological Surgery of the Ear, Volume II 


By Herbert Silverstein, MD, and Horace Norrell, MD. Black 
and white illustrations, index, hard cover, 396 pages, Aesculapius 
Publishing Co., Birmingham. $60. 


Respiratory Tract Mucus 


By the Ciba Foundation Symposium 54. Black and white il- 
lustrations, index, hard cover, 325 pages, Elsevier/Excerpta 
Medica/North Holland, Amsterdam. 


External Ear Malformations: Epidemiology, Genetics, and 
Natural History 


By Michael Melnick, DDS, PhD, and Nitnos C. Myrian- 
thopoulos, PhD. Index, black and white illustrations, hard cover, 
128 pages, Alan R. Liss, Inc., New York. $18. 


SUPPLEMENTS 


. Profound Childhood Deafness: Inner 
Ear Pathology. John R. Lindsay, 
MD, 124 pages - $10.00. 


. Workshop on Tonsillectomy and 
Adenoidectomy. 80 pages - $8.25. 


. Principles of Electric Response 
Audiometry. Hallowell Davis, MD, 
90 pages - $8.25. 


. Recent Advances in Otitis Media 
with Effusion. 368 pages - $15.00. 


. Manual for Care of the Montgomery 
Silicone Tracheal T-Tube. William 
W. Montgomery, MD, 12 pages - 
$3.50. 


ANNALS PUBLISHING COMPANY 
4949 Forest Park 
St. Louis, MO 63108 





THE DEPARTMENT OF OTCLARYNGOLOGY 
and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 
Announce a Postgraducte Course 


SURGERY OF THE PARANASAL SINUSES 
Under the Direction of 
Jeseph L. Goldman, MD 
Hugh F. Biller, MD, Stanley M. Blaugrund, MD, William Lawson, MD, DDS, Frank E. Lucente, MD, 
Peter M. Som, MD, Stuart H. Young, MD. 
With Guest Lecturers: 


William L. Draper, MD, Houston, Texas; William H. Fr edman, MD, St. Louis, Missouri; Vincent 
Hyams, MD, Washington, D.C.; Karl M. Morgenstein, MD, Hollywood, Florida; Donald J. Nalebuff, 
MD, Teaneck, New Jersey. 


December 1-5, 1980, Monday through Friday, 9:00 AM-5:00 PM (5 Sessions) 


Training in surgery for sinus disease and allied problems. Special attention will be paid to intranasal as well as exter- 
nal procedures. This course emphasizes intranasal sphenoethmoidectomy and antrostomy, the role of allergy and 
subjects from the basic sciences in rhinology. Fresh cadaver material is used extensively for instruction. Discussion 
concerning intranasal and sinus disease and the indications for therapy will be held. 


FEE: $600 


This course will be given at the Mount Sinai Medical Center, New York City, New York. 


APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New York, New York 10029. Tel: (212) 650-6737. A54 


THIRD INTERNATIONAL WORKSHOP 
NEUROLOGICAL SURGERY OF 
THE EAR AND SKULL BASE 


sponsored jointly by 


EAR RESEARCH FOUNDATION OF FLORIDA 


and the 
EAR RESEARCH INSTITUTE 
February 14 — 20, 1981 


Newporter Inn 
Newport Beach, California 


FIFTH ANNUAL HEAD AND 
NECK WORKSHOP 


SOFT TISSUE SURGERY 


February 13-15, 1981 
Cleveland, Ohio 


Department of Otolaryngology and Commu- 


nicative Disorders, The Cleveland Clinic 
Foundation, is offering an intensive two-and- 
a-half-day workshop at the Clinic Inn. 


Workshop will feature didactic lectures, fac- 
ulty panels, case problems solving, and labor- 
atory periods for practicing suture techniques, 
skin flaps and methods of scar camouflage. 


Tuition: 
$150 Residents; $250 Practicing physieans 


For further information contact: Howard L. Levine, MD, 


eg A of Otolaryngology and Communicative Dis- 
or 


‘ders, Cleveland Clinic Foundation, 9500 Euclid Ave., 
Cleveland, OH 44106. (216) 444-6695. 
A51 


The% popular, biennial workshops provide a forum where 
the ræurosurgeon and the otolaryngologist can discuss the 
numərous problems in which their expertise overlaps. 
Leaœærs in each specialty will give new insight into the 
lates- available diagnostic and treatment modalities. 


ORGANIZING COMMITTEE 


Los Angeles: Derald E. Brackmann, M.D., Chairman 
William F. House, M.D. 
William E. Hitselberger, M.D. 
Patrick J. Wade, M.D. 


Sarasota: Herbert Silverstein, M.D. 
Horace Norrell, M.D. 


Catejory | Credit — For further information write: 
32 heurs Neurological Workshop 
Fees c/o =ar Research Institute 
$500 - Practicing Physician 256 South Lake Street 
$250 - Residents, Fellows, Los Angeles, CA 90057 

Armed Services (213) 483-4431 





ACADEMIC POSITION IN OTOLARYNGOLOGY 


East Tennessee State University 


Teaching, clinical practice, research 


at 


College of Medicine, Practice Center 


and 


Veterans Administration 


Review of applications will begin December 1980 and will continue until the position is 


filled. 


Applications with a currect curriculum vitae should be sent to: Floyd B. Goffin, MD, 
Professor and Director, Division of Otolaryngology, ETSU College of Medicine, Box 


19, 750A, ohnson City, TN 37601. 


ETSU is an Equal Opportunity Affirmative Action Employer. 


EAR R2SEARCH INSTITUTE 
ir cooperation with 
Universizy of Southern California 
ar nounces two-week 
Tempora Bone Surgical Dissection 
Course 


Will demonstrat2 the multiple approaches to the structures 
of the temporal done as currently used by members of the 
Otologic Medical Group, Inc. 


Each day the ceurse members spend four hours in dissec- 
tion laboratory znd four hours observing live color telecasts 
of surgery. Evezings are devoted to lectures illustrated by 
slides anc motien picture demonstrations. Video tapes in 
color from the Institute's Otologic Seminar Library are 
available for study by course participants. 


Twenty-four board certified or board eligible 
otolaryngologists and residents will be accepted in each 
course. Courses will be presented in March, April, June 
and Octcber arnually. 


Advance registrations for courses in 1980 and 1981 are now 
being accepted. Tuition fee for otolaryngologists is $1,200 
and for residents $900 in United States currency. Applica- 
tions of resideres must be accompanied by a letter from 
their Chief of Service. 


For further info~mation: Antonio De La Cruz, MD, Direc- 
tor, Temporal Bone Surgical Dissection Course, Ear 
Research Institete, 256 South Lake St., Los Angeles, CA 
90057. A30 
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International Symposium 


CLINICAL PROBLEMS IN OTITIS MEDIA 
AND INNOVATIONS IN 
SURGICAL OTOLOGY 


December 11-13, 1980 
Santiago, Chile 


State of the art presentations and workshops, with interna- 
tional authorities in otolaryngology and audiology, focus- 
ing on: 


New Concepts in Otological Surgery 
Clinical Problems in Otitis Media 


Symposium immediately follows the meetings of the 
Iberoamerican Neuro-otology Society and the Congress of 
the Panamerican Society of Otolaryngology and Broncho- 
esophagology. Features: 


Special group rates available for air travel and hotel 
accomodations. 


Planned activities for spouses. 


Designated for 21 Category I credit hours. (Nurses and 
other allied health personnel may also claim CE cred- 
it for participation.) 


Cosponsored by the University of Minnesota Department 
of Otolaryngology, Chilean Universities, the Chilean 
Medical and Otolaryngologic Associations, and Lions In- 
ternational. 


Fees: Otolaryngologists, $150; Audiologists, $75; reduced 
rates for residents and nurses. 


For further information, contact: Continuing Medical 
Education, Box 293, Mayo Memorial Building, University 
of Minnesota, 420 Delaware Street S.E., Minneapolis, MN 
55455, (612) 373-8012. Adl 





MICROSURGICAL RECONSTRUCTION OF HEAD AND NECK 


UNIVERSITY OF IOWA 
DEPT. OF OTOLARYNGOLOGY AND MAXILLOFACIAL SURGERY 
announces course 
MICROVASCULAR ANASTOMOSIS AND FREE GRAFT RECONSTRUCTION 
OF THE HEAD AND NECK 
October 27-31, 1980 


Lectures in concepts and techniques in microvascular anastomosis as utilized in reconstruction of the 
head and neck will be presented. Microvascular reconstructive problem areas and how to avoid them 
will be discussed. 


An anatomical workshop will allow each participant to gan personal experience in doing microvascular 
anastomoses. Dissections of donor flaps on cadavers to illustrate blood supply and methods of elevation 
will also be accomplished. 


Purpose of this course will be to introduce microvascular surgery to the head and neck surgeon and 
hopefully present a discriminating view of this relatively new technique. 


Guest Faculty 


Daniel C. Baker, MD, Assistant Professer of Plastic Surgery 
New York University Medical Center, Institute of Reconstructive Plastic Surgery 


Enrollment will be strictly limited to ten. 


Course Fee: $550. Senior Residents and Fellows with resume and letter of recommendation from 
departmental chief: $350. 


For further information contact: William R. Panje, MD, Director, Division of Head and Neck Surgery, 
Dept. of Otolaryngology and Maxillofacial Surgery, University of Iowa Hospitals and Clinics, Iowa 
City, IA 52242. (319) 356-2166. A48 


Course 


PEDIATRIC FELLOWSHIP 
OTOLARYNGOLOGY Facial Plastic and Cosmetic Surgery 


Mexican Society of Otolaryngology In a newly created Department of Cosmetic 


February 1-4, 1981 anc Aesthetic Surgery. 


i ; Yearly case load of over 1500 procedures. 
Mexico City, Mexico Experience in both hospital and office 
based surgery. 
Guest Speakers 
Blair W. Fearon. MD, Toronto Position starts July, 1981. Candidate must 
Burton F. affe, MD. Boston have completed an otolaryngology residen- 
Robert J. Ruben, MD, New York cy. 
Gabriel F. Tucker, Jr.» MD, Chicago 


and national speakers Cali or write: Julius Newman, MD, Chair- 


man, Department of Cosmetic and Aesthe- 
Instant translation En lish-Spanish, tic Surgery, The Graduate Hospital (Af- 
Spanish-English filiated with the University of Pennsylvania 


Otology, Rhinology, Laryngology and Bron- Sehool of Medicine), 1 Graduate Plaza, 
choesophagology aspects will be covered. Philadelphia, PA 19146, (215)896-5677. 


For further information write: Dr. Jose 
Smoler Berkovsky, President, Sociedad Mex- 
icana de Otorrinolaringologia, Eugenia 
13-403, Col. Napoles Mexico 18, D.F. Tel: 
5-43-93-63. 
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ABSTRACTS 


Sternocleidomastoid Regional Flaps: A New Look at an Old 
Concept 


Jabaley ME, Heckler FR, Wallace WH, Knott LH: Br J Plast 
Surg 32: #06, 1979. 


The authors present a very thorough resume of the use of the 
sternocleidomastoid (SCM) regional flap. They studied the SCM 
flap in three ways: by cadaver dissections; by dissections in the 
living such as neck node excisions and rhytidectomy; and by 
fluorescein injections after raising SCM flaps. 


The blood supply :of the skin overlying the SCM musele has a 
tripartite blood supply from the perforating branches of the oc- 
cipital and posterior‘auricular arteries superiorly; branches of the 
transverse cervical branch of the thyrocervical trunk inferiorly; 
and a myocutaneous supply from the SCM muscle itself. The 
clinical applications of the use of the flap are in a numberof areas 
about the necx, cheek and jaw, and oral cavity and it has been 
used also to release burn contractures when the flap donor site has 
been lightly burned. Although it has uses in the cheek, these 
authors have not used it there before because of the limitation of 
the cases presented. Whereas other authors have reported:necrosis 
of a part or all of the flap, these authors state that this is:generally 
due to the fact that there has been either previous irradiation in 
the area, or interruption of the vessel at its superior pedicle has 
taken place. In addition, the flap may be unavailable or at least, 
in part, may De a poorer choice because of its proximity to the 
area of potential use. They do not advocate the use of the flap in 
irradiated necks and point out the criticisms other authors make 
regarding the use of the flap. 


The authors present a good schematic diagram of three figures 
outlining the use of the flap and a total of 12 photographs il- 
lustrating its use. There are 15 references presented. 


M. Parne, MD 
St. Louws, Mo 


Evaluation of Speech after Correction of Rhinophonia with 
Pushback Palateplasty Combined with Pharyngeal Flap 


Dixon VL, Bzoch KR, Habal MB: Plast Reconstr Surg 64:77, 
1979 


The authors present a total of 35 patients who have been 
operated on by the technique they describe as a balanced tech- 
nique of anatemical repair based on a functional restoration of 
balanced speech. They have complete speech evaluations in 15 of 
these patients: these were selected because they had had pre- 
operative evaluation tests and were available for postoperative 
tests. 


Tables are given listing the sex, age, classification of the 
causative factor for the speech problem, age at the time of 
surgery, precipitating medical condition producing the speech 
derangement, and the time for evaluation postoperatively. The 
methods for evaluation consist of 1) the Bzoch Error Pattern 
Screening Articulation Test; 2) the phonation test consisting of 
having each patient prolong three vowels “A,” “E” and “O”; 3) a 
nasal emission index was recorded; 4) the hypernasality “cul-de- 
sac” test; and 5) the hyponasality “cul-de-sac” test. 


The statistical analysis of these findings are described in 
elaborate detail, possibly more than the average reader would be 
interested in: however, it is an excellent statistical review:and the 
findings that ere listed as their conclusions include the following: 
1) The palatal pushbacs with pharyngeal flap surgery appears to 
be as effective for males as for females, 2) This surgical technique 
can be used fer patients with a cleft palate as well as for patients 
with congenital velopharyngeal insufficiency. 3) The same results 
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can be obtained whether the patient has had previous palatal 
surgery or not. 4) The amount of time elapsing from surgery to 
postoperative evaluation is not an important factor affecting the 
speech and voice results. 


Eighty-six percent of the patients examined showed no abnor- 
mal nasal emission and no evidence of significant hypernasality 
during word production. Other items were recorded such as the 
presence or absence of snoring and the presence or absence of 
mouth breathing preoperatively and postoperatively. 


There are five tables presented, one figure showing the outline 
of the defect in the velopharyngeal mechanism, and a total of 19 
references. 

M. Payne, MD 
St. Louis, Mo 


The Significance of Secretory IgA in Middle-Ear Fluid 


Jones EA Jr, Thomas LR, Davis NC: J Allergy Clin Immunol 
42:.236-240, 1979. 


Middle ear fluid was obtained from 23 patients at therapeutic 
myringotomy and immunoglobulin levels were analyzed using 
immunodiffusion and antiserum precipitation technique. In acute 
otitis media, middle ear fluid immunoglobulin levels were com- 
mensurate with serum levels. In chronic otitis media, middle ear 
fluid immunoglobulins were nearly always higher than serum 
levels, and middle ear fluid IgA levels were proportionately 
higher than other immunoglobulin values from middle ear fluid 
as compared to serum. The authors speculate that the higher 
levels of IgA suggest the presence of a secretory epithelium lining 
the middle ear, ie, that a proportion of middle ear fluid IgA is 
secretory in nature. They suggest that in the course of develop- 
ment of serous otitis media the mucoperiostial lining of the middle 
ear is converted to a secretory membrane which may continue to 
pour secretion into the tympanic cavity even after the initial in- 
citing factor has been eliminated. The presence of secretory IgA in 
middle ear fluid suggests that the inflammatory process has con- 
tinued long enough for a secretory epithelium to evolve. Removal 
of the serous middle ear fluid and ventilation using transtympanic 
membrane ventilation tubes is felt to hasten reestablishment of a 
normal mucoperiostium. 


A. JAHN, MD 
New York, NY 


Orbital Floor Fractures — Should They Be Explored Early? 
Sacks AC, Friedland JA: Plast Reconstr Surg 64:190, 1979 


One hundred consecutive cases of orbital floor fractures were 
retrospectively reviewed. These cases were evaluated to compare 
preoperative findings with postoperative surgical results and to 
attempt to clarify the relationship between signs and symptoms 
on admission as compared with the late results. Early findings of 
diplopia, infraorbital rim step-off, and hypesthesia became an in- 
dication for exploration of the orbital floor and placement of 
silicone sheeting. It was noted that when this was done, minimal 
complications resulted. 


A total of five figures are presented, including an interesting 
bar graph arrangement of the postoperative results as compared 
with preoperative findings and the operative treatment; and a 
figure to demonstrate the area of involvement in orbital floor 
fractures. Fourteen references are provided. 

M. Payne, MD 
St. Louis, Mo 
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“A BRIGHT NEW DAY” 


Symptomatic relief in nasal congestion associated 
with the common cold, in sinusitus, in hayfever 
and other allergies. 


References: 1. Grollman, A., “How Drugs Work; The antihistamines,” Consultant, Volume 14, No. 8: pp 
102-104, 1974. 2. Martindale: The Extra Pharmacopoeia, 26th Edition: pp 1537, 1559-1560, The 
Pharmaceutical Press 1972. 3. Osol, A., Pratt, R., and Altschule, M.D.: The United States 
Dispensatory and Physicians’ Pharmacology, 26th Edition: p 884, J. B. Lippincott Company 1967. 4. 
Drills’ Pharmacology in Medicine, 4th Edition: p 1007, McGraw-Hill Book Company 1971. 


EACH NOLAMINE TABLET CONTAINS: 


Phenindamine tartrate...........0. ee ee 24 mg. 
Chlorpheniramine maleate .............. 4 mg. 
Phenylpropanolamine hydrochloride ..... 50 mg. 


Formulated to provide 8 to 12 hours of continuous 
relief. 


DOSAGE: Usual adult dose: Orally, one tablet every 
8 hours. In mild cases, every 10 to 12 hours. 


CAUTION: Federal law prohibits dispensing without 
prescription. 


SIDE EFFECTS: Drowsiness, tremors, dizziness and 
nervousness may occur occasionally. 


PRECAUTIONS: Antihistamines may cause drow- 

siness and should be used with caution in patients 

who operate motor vehicles or dangerous 

machinery. Use with caution in patients with 

hypertension, hyperthyroidism or cardiovascular 

disease 

PACKAGING: Bottles of 50 and 250 pink timed- 

release tablets. 

CARNRICK LABORATORIES, INC. = 

k- > 


Pharmaceuticals since 1899 


65 HORSE HILL ROAD, CEDAR KNOLLS, NJ 07927 


American Hearing Research Foundation 


presents 


Mid-Winter Symposium 


Practical Clinical 
Testing in Otology 
February 22 - March 1, 1981 
ASPEN, COLORADO - WILDWOOD INN/SNOWMASS 


FACULTY 
Program Chairman: Jack D. Clemis, M.D. Northwestern University Medical School, Chicago, Illinois 
Director of Continuing Medical Education, American Hearing Research Foundation 
Program Co-ordinator: Robert M. Meyers, M.D. University of Illinois Medical School, Chicago, Iilinois 


Roger L. Crumley, M.D. John M. Fredrickson, M.D. 
University of California, San Francisco Medical Center University of Toronto Medical School 
San Francisco, California Toronto, Canada 

Antonio De la Cruz, M.D. Galdino E. Valvassori, M.D. 
University of Southern California Medical School University of Illinois Medical School 
Los Angeles, California Chicago, Illinois 

Robert J. Keim, M.D. Darrel L. Teter, Ph.D. 

University of Tennessee Medical Schoo! Denver, Colorado 


Memphis, Tennessee 


REGISTRATION FEE: $325/APPROVED FOR A.M.A. CREDIT — CATEGORY 1-30. HOURS 
3 units (30 hours) continuing education crecits from American-Speech Language-Hearing Association. 


Write: 
AMERICAN HEARING RESEARCH FOUNDATION 
Suite 2105/55 E. Washington Street / Chicago, Illinois 60602 


THE JOURNAL OF 


LARYNGOLOGY AND OTOLOGY 


(Founded in 1887 by MORELL MACKENZIE and NORRIS WOLFENDEN) 


Edited by 
JOHN BALLANTYNE 


Assisted by David Wright and John Booth 


Advisor in Patholegy: Professor Imrich Friedmann 
The first British Journal dealing with this Specialty. 


Annual subscription £30. USA $75.00 including postage. 
Single copies - £5. USA $12.75 


HEADLEY BROTHERS 
THE INVICTA PRESS, ASHFORD, KENT, 
ENGLAND 


or from STECHERT-HAFNER, INC., 31-33 East 10th Street, New York 





xxiii 


Bevis. MICRO-CRAFT INSTROMENTS. 


TH SMALL -T 


TTT DERS. a 


A properly made microsurgical instrument must be<asy to use. 
Strong. Well balanced. Because in the hands of a surgeon, each tool 
must become an extension of his skill. | | | | 

| Xomed microsurgical instruments are handmade. Each is as 
fine an instrument as you will find in the world. Small wonder. 
They're from The Microsurgery Company. | | l 
Available in a variety of styles, in satin or black finish. 
Ask about our fast, quality repair program. 


For more information or to order: Call (800) 874-5797; 
(In Alaska, Florida or Hawaii, call (904) 731-7109 collect); 
TWX 810-827-6439; or write Xomed, Inc. 8641 Baypine 
Road, Jacksonville, FL 32216. In Canada, call (416) 
794-3665 or write Xomed Canada, 106 East Drive, 
Brampton, Ontario L6T-1C1. 





LISTEN— ay 
to what c our nev pene m 


disahdete procedures and hearing aid eval jai 
at an affordable price! 2 


e Two channels 

e Eleven discrete frequencies 

e Four speech modes E 

G Automatic selection of masking signal 


x Pushbutton selection of tone modes 
and omp transducers. — a4 


The 1715.. 
with the user in wink 


Grason-Stadler 
GS-15 
AUDIOMETER 


For further information cn what the 1715 has to offer, call'or write: Grason-Stadier, Inc. 
Cc... P.O. Box 5, Littleton, MA 01460 


Distributed outside U.S.a. by Grason-Stadler International, Inc. 


617/486-3514 





8TH ANNUAL COURSE 
IN CLINICAL NEUROTOLOGY 


November 17-20, 1980 
Ulinois Eye and Ear Infirmary 
University of Hlinois at the Medical Center, Chicago 


This four day course of comprehensive study is for the 
Otolaryngologist and Neurologist who seek improved com- 
petence in the diagnosis and management of patients with 
any form of dizziness or disequilibrium. It offers an oppor- 
tunity for developing an andertandin z of neurotological 
test procedures which are of Hee value in the diagnosis 


of vestibular disorders and reliable in establishing the site 
of lesion. This course, which is limited to a small group of 
participants, provides instruction in pathophysiology of 
the vestibular system with its central connections; diag- 
nostic test methods; interpretation of neurotologic findings 
and correlation with audiologic, and radiologic findings 


including CT dynamic flow studies; medical and surgical 
management of conditions affecting the vestibular system; 
and principles and use of diagnostic equipment. Time will 
be devoted to in depth discussion of Meniere's disease, 
etiology and differentiation of posture related dizziness 
and to vestibular decruitment as a sign of central 
pathology. 


Course directors are Nicholas Torok, MD, and Arvind 
Kumar, MD. Course faculty include Cesar Fernandez, 
MD; Lee R. Hamilton, MPH; Cecil W. Hart, MD: Rich- 
ard Marcus, MD; Jack Pulec, MD; Oscar Sugar, MD; and 
Galdino Valvassori, MD. 


Registration fee: $350 ($200 for residents) 
AMA Category I Credit: 28 Hours 


For program brochure and registration details contact: 
University of Ilinois at the Medical Center, Office of Con- 
tinuing Education Services, 1853 West Polk St., Room 144, 
Chicago, IL 60612. (312)996-8025. A36 









OTOLARYNGOLOGISTS 


Humana Has The Private Practice 
Opportunity That Is Right For You 


Choosing the right community to begin practice in is an 
important decision. And only Humana offers you such a 
wealth of choices. 

Since we own and manage over 90 hospitals nation- 
wide and know where the community patient needs are 
greatest, we can help you select the right place to fit your 
personal and professional needs. 

Excellent practice opportunities are currently available 
in Alabama, California, Tennessee, and West Virginia, as 
well as in other Hurnana Hospital locations. 

After you decide on the opportunity that suits you 
best, Humana will assist you in establishing a thriving 
practice whether it be in solo, group, association or 
partnership. Often, financial assistance is made available. 

Humana is interested in your success, year-round. 
Why? Because our success depends on your success. 

To explore some of these excellent ENT opportuni- 
ties further, send your curriculum vitae to the following 
address. Also, be sure to request our current PRIVATE 
PRACTICE OPPORTUNITIES NEWSLETTER. Or call: 


Toll-Free: 800-626-1590 
Collect: 502-561-2296 


Susan Panther, Professional Retations 


es umana 


The Hospital Company 


One Riverfront Plaza 
Louisville, Kentucky 40201 
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dependable 
decongestant 


ORNADE 


Each Spansule* capsule contains 8 mg. chlorpheniramine maleate. 50 mg. phenylpropanolamine HCI, 


and isopropamide iodide equivalent to 2.5 mg. isopropamide. 


Seldom causes drowsiness 


(3% in controlled studies) 


seldom causes excessive dryness 


(6% in controlled studies) 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications 

Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other 
information, FDA has classified the indications as follows: 


Possibly effective: For relief of upper respiratory tract 
congestion and hypersecretion associated with 
vasomotor rhinitis and allergic rhinitis, and for prolonged 


relief. 


Lacking in substantial evidence of effectiveness: For 
relief of nasal congestion and hypersecretion associated 
with the common cold and sinusitis. 


Final classification of the less-than-effective indications 
requires further investigation. 


Contraindications: Hypersensitivity to any component: 
concurrent MAO inhibitor therapy; severe hypertension: 
bronchial asthma; coronary artery disease; stenosing peptic 
ulcer; pyloroduodenal or bladder neck obstruction. Children 
under 6. 


Warnings: Caution patients about activities requiring alert- 
ness (e.g., operating vehicles or machinery). Warn patients 


SIK6F 


a SmithKline company 


© SmithKline Corporation, 1980 





of possiMe additive effects with alcohol and other CNS 
depressants 

Usage in Pregnancy: In pregnancy, nursing mothers and 
women who might bear children, weigh potential benefits 
against hazards. Inhibition of lactation may occur. 


Effect or RBI Determination and |'*' Uptake: |lsopropamide 
iodide may alter PBI test results and will suppress l'?' uptake. 
Substiture thyroid tests unaffected by exogenous iodides. 


Precautiens: Use cautiously in persons with cardiovascular 
disease, jlaucoma, prostatic hypertrophy, hyperthyroidism. 


Adverse Reactions: Drowsiness, excessive dryness of nose, 
throat or mouth; nervousness; or insomnia. Also, nausea. 
vomiting epigastric distress, diarrhea, rash, dizziness, 
weakness, chest tightness, angina pain, abdominal pain, 
irritabilit~, paloitation, headache, incoorcination, tremor. 
dysuria, difficulty in urination, thrombocytopenia, leukopenia, 
convulsiens, hypertension, hypotension, anorexia, constipa- 
tion, visLabdisturbances, iodine toxicity (acne, parotitis). 


Supplied Bottles of 50 and 500 capsules; in Single Unit 
Packages of 100 (intended for institutional use only). 


Smith ine Sfrench Laboratories 
Philadel hia, Pa. 
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CHILDHOOD COMMUNICATION DISORDERS: PRESENT STATUS 
AND FUTURE PRIORITIES 


INTRODUCTION 


PATRICK E. BROOKHOUSER, MD, FACS 


OMAHA, NEBRASKA 


The ability to communicate is perhaps the most 
essentially human of man’s endowments and is, of 
course, the keystone of the learning precess by 
which a child acquires the knowledge required to 
play a meaningful role in adult society. Yet, the se- 
quential development of intellectual and neuromo- 
tor skills necessary to utilize the complex symbol 
system which forms the basis of language and 
speech is taken for granted by most parents and 
clinicians. 


More than 10,000,000 children from birth to the 
age of 21 in the United States suffer from a disease 
or disability which impairs their communicative 
ability. These disorders range from obvieus ana- 
tomical deformities, such as microtia or cleft palate, 
to such subtle problems as central auditory process- 
ing deficits. Gradually, the need for a coordinated 
multidisciplinary approach to the evaluation and 
habilitation of the communicatively impaired child 
has become apparent to clinicians and educators, 
but many barriers stand in the way of implementa- 
tion of such a model. 


Rapid progress toward making such a compre- 
hensive program available to fill the needs of chil- 
dren with communication disorders across the 
country has been impeded by diverse factors. Vari- 
ous disciplines involved in the management of 
childhood communication disorders have somewhat 
artificially defined their respective spheres of com- 
petence to the exclusion of specialists with closely 
related interests. Areas of overlap have become the 
subject matter for controversial “turf” battles 
among the national leadership of professional or- 
ganizations claiming to represent the “interest” of 
practicing clinicians. Typically, clinicians pro- 
viding care and treatment for the communicatively 
impaired are geographically and administratively 
separated from researchers interested in the same 
problems, thus providing little opportunity for 
creative interaction on a regular basis. Meager 
financial resources targeted to support research and 
patient care have been further fragmented among 
competing agencies each attempting to pursue its 
own priorities without the benefit of a coordinated 
plan. 


In 1972, the Board of Directors of Father Flana- 
gan’s Boys’ Home surveyed the most pressing needs 


of children and identified communication disorders 
as an area of concern which had received far too lit- 
tle attention from the private sector, as well as from 
governmental funding agencies. As a result, the 
Boys Town Institute for Communication Disorders 
in Chilcren was established ir Omaha, Nebraska. 
This new facility was designed and constructed ad- 
jacent to Creighton University’s Health Sciences 
Schools and primary teaching hospital to accom- 
modate the Institute’s programs. 


The eharge given to the Eoys Town Institute 
planning team was: 


To develop a nationally oriented 
clinical educational and research resource 
dealing with complex problems of hearing 
impairment, speech and language 
disorders, learning disabilities and related 
problems of human communication. 


To develop and implement model pro- 
grams for the diagnosis, evaluation, treat- 
ment and habilitation of youngsters with 
communication disorders. 


To develop and implement pro- 
grams of basic and applied research to 
further the knowledge and understanding 
of human communication disorders and to 
design new techniques and methods for 
the management of chilcren with these 
problems. 


The commitment made by Boys Town’s Board of 
Directors to establish and provide substantial oper- 
ating support for the Institute represents one of the 
largest efforts of its kind ever undertaken by the 
private sector. 


Many leading physicians, audiologists, speech/ 
language pathologists, educators of the deaf, and 
researchers gave unselfishly of their time and efforts 
by coming to Omaha to provide advice and counsel 
during the Institute’s developmental phases. In ad- 
dition tc the special honorees a= the dedicatory con- 
ference, Drs. John E. Bordley of Baltimore and T. 
T. Smith of Omaha, the following deserve our spe- 
cial recognition: 


Bobby R. Alford, MD, Houston, Texas 
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Raymond T. Carhart, PhD,f Evanston, Illinois 
Leo E. Conner, EdD, Queens, New York 
Frederick L. Darley, PhD, Rochester, Minnesota 
Leo G. Doerfler, PhD, Pittsburgh, Pennsylvania 
Victor Goodhill, MD, Beverly Hills, California 
Janet B. Hardy, MD, Baltimore, Maryland 
William G. Hardy, PhD,{ Baltimore, Maryland 
Joseph E. Hind, FhD, Madison, Wisconsin 
Merle Lawrence, PhD, Ann Arbor, Michigan 
Edgar L. Lowell, PhD, Los Angeles, California 
Gunner O’Neil Proud, MD, Kansas City, Kansas 
Herbert F. Schliesser, PhD, Lincoln, Nebraska 
S. Richard Silverman, PhD, St. Louis, Missouri 


tDeceased. 


Catherine Smith, PhD, Portland, Oregon 
Mrs. Spencer Tracy, Los Angeles, California 


The Scientific Dedication Conference for the 
Boys Town Institute for Communication Disorders 
in Children entitled “Childhood Communication 
Disorders: Present Status and Future Priorities” 
represents an initial attempt at providing an inter- 
disciplinary information exchange involving physi- 
cians, clinicians, educators, health planners, and 
researchers with interests in human communication 
and its disorders. More opportunities to build 
bridges among the various clinical and research 
disciplines must be provided in the future to insure 
continued progress toward solving the vexing prob- 
lems confronting the communicatively impaired. 


PROBLEMS OF THE COMMUNICATIVELY DISADVANTAGED 
AN OVERVIEW 


JOHN E. BORDLEY, MD, FACS 


BALTIMORE, MARYLAND 


The article traces the attitude of various cultures through the centuries toward the hearing and speech handicappec. It outlines the 
early efforts to develop rehabilitative techniques for such handicaps, and describes a number of the pioneers in the field of education for the 
“deaf and dumb.” The emergence of the opposing philosophies for training tae hearing handicapped, the oral school and the signing 
school, and the influence these two had on the development of education for the deaf is described. The part plaved by basic research and 
the development of new instrumentation during the past 50 years in the solution of many of the problems of disordered cammunication is 
reviewed. Finally, the philosophic aims are described that led to the establishment of the Boys Town Institute for communicatively han- 


dicapped children. 


By developing a system for free communication, 
man has achieved a method to exchange informa- 
tion to recall and to retell his experiences and 
discuss new ideas. Modern civilization owes its step- 
by-step development to the data base compiled 
through thousands of years as the result of raan’s in- 
tercommunication. Many of his solutions to prob- 
lems were originally passed on as folk tales around 
the campfires of primitive man, Very eariy, man 
became so dependent upon this ability to commu- 
nicate that those individuals deprived of the oppor- 
tunity to develop normal communication were con- 
sidered deviants and were not accepted in the 
mainstream of society, and indeed with scme rea- 
son: because the frustrations arising from an other- 
wise normal child’s inability to communicate leads 
to behavior so violent that children of normal in- 
telligence have been adjudged insane. In Biblical 
times Hebrew laws stated that the “deaf without 
speech will be denied all legal rights.” Centuries 
later Justinian went even further and wrote into his 
legal code a ruling that “the deaf without speech 
shall be classified with the lunatics and are without 
legal rights or obligations.” 


While the world’s attitude toward the cammuni- 
catively handicapped has improved through the 
centuries since Justinian, we should remember that 
as late as the enlightened 20th century in this coun- 
try a number of states continued to support institu- 
tions operated for the care of the deaf and insane. 


The first record of an attempt to rehabilitate a 
communicatively handicapped individual was in the 
16th century when Pedro Ponce de Leon, a Spanish 
monk, taught a deaf young nobleman to speak so 
that he could legally claim his inheritance. This suc- 
cess was an inspiration for the teachers that were to 
follow. In the 17th century another Spanish monk, 
Bonet, published a book on the use of signing for the 
education of the deaf and in 1660 Bonet’s system 


was taken to Scotland by Dalgano, « teacher in- 
terested in the problems of the deaf. In 1690 a Swiss 
teacher named Amman, while in Amsterdam, pub- 
lished a book on methods to instruct the deaf in lip 
reading; his ideas were shortly adopted by the 
teachers in Germany interested in the instruction of 
the deaf. So began a rivalry between signing and 
oral education for the deaf, which has done so much 
to retard the progress of deaf education up to the 
present time. In 1770 the Abbé l'Epee, who had 
learned Spanish in order to translate Bonet’s book, 
was commissioned by the French king to set up a 
state school for the deaf and dumb ia Paris. This 
was the first official recognition that the deaf might 
be rehabilitated through education. In 1807 the 
next important milestone was reached when the 
Danish parliament passed a bill making education 
of the deaf compulsory. Unfortunately, that law set 
the age for the beginning of education at seven 
years, which delayed the development of our pres- 
ent concept of the necessity for very early instruc- 
tion. 


Organized instruction of the hearing handicapped 
was late in its beginning in this country. Charles 
Green of Boston, probably the piomeer educator 
here, studied for two years in England under the 
Braidwoods, returning to this country at the begin- 
ning of the 19th century to introduce oral instruc- 
tion of the deaf. In 1815 a young minister in 
Massachusetts, Thomas Hopkins Gallaudet, went to 
Europe for the purpose of studying the methods of 
instruction for both signing and oral communica- 
tion. The Braidwoods refused his application to 
study the oral method under them when they 
learned that he planned to go to Paris later to study 
signing under the Abbé Secard. The Abbé wel- 
comed him for a year’s study, following which he 
returmed to Hartford and opened the American 
Assylam for the Deaf, where the signing method 
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was introduced. Years later Gallaudet’s name was 
given to the onl» college ever organized for teaching 
the deaf. In 1872 Alexander Graham Bell from 
Scotland opened his school in Boston, where the 
opposition to tie oral method of teaching was so 
strong that he changed its name to the School for 
Vocal Physiology and Elocution, a neat cover for his 
intended activities. He persuaded an otologist, John 
Blake, to work with him in order to amplify his 
knowledge of the ear and auditory physiology. Bell 
was probably tne first to recognize the importance 
of enlisting public interest in the problems of the 
communicative y handicapped and he gave most of 
the money he kad received with the Volta Award 
for his work on the telephone to establish the Volta 
Bureau for “the ircrease and diffusion of knowledge 
of the deaf.” Tkis became in fact one of the first in- 
formation centers. 








Of course, the early schools for the deaf cared for 
only a fraction of those suffering from communica- 
tion disorders, >ut they did lead to the subsequent 
development of special education in our public 
school systems directed at first to the problems of 
the deaf and later to the broader field of human 
communication Until after World War I these edu- 
cational efforts contributed exclusively to the 
habilitation or rehabilitation of those suffering 
communication disorders, and to the enlistment of 
public coneern for such handicaps. However, they 
failed to contr bute to the study of the causes of 
communication disorders or to their early recogni- 
tion. They did not attempt to develop techniques 
for the restoretion of hearing or plans for the 
prevention of communication disorders. Probably 
the first organizec effort to study such problems was 
begun in 1918 by an otologist in St. Louis, Max 
Goldstein, whc founded the Central Institute for 
the Deaf in which he planned for interaction be- 
tween otologists and teachers, and he provided 
space for research, In the 1930s the Ewings in Eng- 
land reported their work on the early identification 
of deafness in children and later still Mrs. Spencer 
Tracy spelled eut the role of the parent in deaf 
education. Since the 1930s the availability of the 
antibiotics and the development of new electronic 
techniques have made possible important advances 
in the surgery for the relief of deafness; and our 
research labora ories through their efforts have pro- 
vided us with kasic new understanding of the pro- 
cesses of hearing, language acquisition, and speech 
development. This same period has seen the birth of 
audiology and its contributions to the development 
of techniques fer early recognition of communica- 
tion disorders. “lost of the advances in the field of 
human commurication have been achieved since the 
1950s and have contributed much toward a more 
scientific approach to the problems of human com- 
munication. 


we do not now kow we hear. Many more mere ae 


must become involved in the field of human com- 
munication, many changes must be made in our 
surgical efforts to restore hearing, and much must 
be learned about the epidemiology of deafness, and 
the other forms of communication disorders while 
the whole field of prevention lies ahead. We have 
just begun to experiment with new ideas in special 
education; the teaching machines are only in their 
primitive development. Real activity in the field of 
speech was delayed until the 1930s, perhaps be- 
cause of lack of understanding of the role that hear- 
ing and language play in its development, but 
under such leaders as Fairbanks, Travis, Johnson, 
Koepp-Baker, and a number of others speech edu- 
cation has kept pace with deaf education. The 
acquisition of language, and the rate of learning, 
those two keystones to man’s ability to communi- 
cate, were not even appreciated until the 1950s. 


In spite of all the achievements in the past, we 
have in this country today over a million children 
with hearing defects — 500,000 of which have seri- 
ous difficulty in comprehending normal speech. 
There are more than 100,000 children of normal in- 
telligence with hearing so distorted that special 
education is required to learn to speak. Each year 
an estimated 10-15% of the children entering school 
have a degree of learning disability which can result 
in serious problems in language acquisition and 
about 20% of the children entering school suffer 
from speech defects. Recent studies have shown that 
children with normal IQs suffering from communi- 
cation disorders cannot learn by our present meth- 
ods of teaching as well as normal children and as a 
group are undereducated as compared with the norm. 
They have illiteracy rates as high as 25-30% and the 
average academic achievement is only about fifth- 
grade level. We do indeed have a “silent minority” 
that needs and deserves much more of our time, ef- 
fort, and resources to bring it into a truly normal 
society. 


We are meeting today to dedicate a new institute. 
Its basic support is and will be from the private sec- 
tor. It is planned as a place where the educator, the 
basic scientist, the sociologist, the audiologist, the 
otologist, the neurologist, the geneticist, and the 
medical engineer will sit down together with these 
children to study them and to design orderly long- 
range programs for their rehabilitation and educa- 
tion. It has available to it the diagnostic services of 
medical center laboratories, diagnostic and re- 
search facilities for hearing, speech and special 
education. Here the theorist, the practitioner, and 
the educator will consult together and plan both 
clinical and basic research. But above all this in- 
stitute is dedicated to the service of children suffer- 
ing from communication disorders. The goal here 
has been to develop a new national resource for the 
study of human communication and it is hoped that 
it represents a significant step forward in our quest 
to solve the problems of communication disorders. 


SUPPORT OF PROGRAMS FOR THE COMMUNICATIVELY 
DISADVANTAGED CHILD: ROLE OF THE PRIVATE FOUNDATION 


LUTHER L. TERRY, MD 


WASHINGTON, DC 


In comparison to its support of life-threatening diseases, the Federal goverr ment has given little support to preventing and alleviating 
communicative disorders. The very fact that they are not life threatening, meaas that communicative disorders can remain an uncomfor- 
table, costly, and debilitating factor throughout the lives of millions of childrer and adults. In view of the magnitude of the problem and 
the lack of Federal support, responsible leaders are going to have to turn to the zeneral public for support. Foundations, corporations and 
individuals can provide support for training and organizing services. Such support may well provide them with an opportunity to assist in 
an area which has touched their families or them personally. Research, training and service programs for the communicatively disadvan- 
taged child are urged to seek finanical support from private foundations. 


This new facility is a great tribute to the foresight 
and zeal of the Boys Town, Dr. Brookhouser and all 
of those who participated in the planning and ex- 
ecution of this wonderful program. It is important 
to have an appropriate modern facility in which to 
work, but from what I have observed this is not only 
a fine modern building but is clearly an outstanding 
program to serve the children of our society in an 
area which badly needs that service. The public can 
thank Dr. Brookhouser and all of his associates for 
having made this development possible. 


In commenting on the role of private support for 
programs for the communicatively disadvantaged 
child I could point to this development, say that this 
is a beautiful example of what the private sector can 
do, and then I could sit down. However. I have 
never been known to resist the opportunity to make 
a speech so I shall exercise my prerogative and make 
some comments on the subject. 


Those of us who have been aware of the 13 mil- 
lion persons in our society who have hearing disa- 
bilities or deafness have been disturbed about the 
lack of public concern for these people. Money has 
poured out of our governmental and publie sectors 
to support education, training and care for cancer, 
heart disease and many of our other illnesses and 
disabilities. I do not wish to deprecate these actions. 
It is true that heart disease and cancer constitute 
some of our major causes of disability and death. 
Surely, we must continue to support that werk. But 
at the same time it is distressing to see how little 
concern and support have arisen to aid our citizens 
who have communicative disorders. One point which 
is commonly overlooked in this regard is that the 
vast majority of instances of heart disease and 
cancer are progressively fatal illnesses and the pa- 
tient does not survive for long periods of time; on 
the other hand, communicative disorders and deaf- 
ness are usually not fatal conditions and the patient 


may be expected to live a normal life span. This fact 
alone makes it more imperative that our society take 
apprcpriate steps to aid these persons with their 
problems in order that they may live, not only a 
more comfortable life, but that they are able to par- 
ticipate in the mainstream of our society and gain 
the satisfaction of having contributed to the society 
in which they live. This is important to each and 
every one of us. 


The commitment of the Boys Town Institute to 
serve children is especially important. When per- 
sons g>t up into my age bracket they will often have 
otosclerosis or other degenerative processes which 
will diminish their hearing acuity. They can be a 
trial and tribulation to the spouse and their col- 
leagues, but they are of an age and degree of ma- 
turity which allows them to take personal actions to 
cope with the problem. Too, there is often much 
that can be done to assist these elderly persons 
witho 1t complicated educational or medical pro- 
cedures. Often evaluation will show that a proper 
hearir g aid is a solution to the problem. Further- 
more, modern technology has developed instru- 
ments which are unobtrusive and more reliable over 
a longer period of time. Other types of therapy are 
commonly straightforward and do not require a 
long-continued team approach to correct the prob- 
lem. With the communicatively disadvantaged 
child -t is a different proposition. It is not only im- 
portant that the child is seen at the earliest ap- 
propriate age but the process is more complicated 
and prolonged requiring the collaboration of a team 
of experts in education and medical therapy. After 
all, the assistance given that child can determine 
the development of that person as a participant in 
our society or a severely disabled person who is a 
miseré ble individual to himself and his family and a 
public burden for the rest of his life. 


As >ne looks at the past and the present cir- 
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cumstances of this problem, one can get very. dis- 
turbed. We have done too little for too long in fac- 
ing this common disability. 


The Federal government has taken a degree of re- 
sponsibility to zope with the problem and many 
states have developed commendable programs. But 
in general, the public and private response has been 
far from adequete. One could cite the few outstand- 
ing examples such as Gallaudet College and Prepar- 
atory School, Washington, DC. The new buildings 
and facilities at Gallaudet are wonderful, but after 
all, this institution is merely an education and 
demonstration program and has little impact on the 
total service protlem. Its primary contribution is 
the training of Eaders from the deaf world but also 
from the hearing world. There are a few states 
which have developed outstanding institutions but 
here too, the ef ort is often long delayed, is not ap- 
propriately aveilable, and doesn’t serve to cope 
with the problem in its entirety. 


Many of us have been pleased with the develop- 
ment of a Comraunicative Disorders Program in the 
National Instit-te of Neurological and Communi- 
cative Disorders and Stroke (NINCDS) and even to 
have the term “communicative disorders” incor- 
porated into the Institute title is a plus. It is en- 
couraging to have awards and grants available 
through this prcgram. In addition to the individual 
Research Projec grants, there are Teacher-Investi- 
gator Awards, Research Career Development 
Awards, Individual Research Service Awards for 
postdoctoral fel ows, Institutional Research Service 
Awards, and Eroad Problem Research Program 
Projects. As a natter of fact, I believe the Boys 
Town Institute has three or four grants from this 
source and that -here are other grant applications in 
the process of revizw. When one sees the number of 
grant programs in the NINCDS it sounds quite im- 
pressive. However it is generally felt that the sums 
available to supoort the programs are far from ade- 
quate and only a portion of the approved grants can 
be funded. The-e appears to be a particular short- 
age of funds available to support good clinical re- 
search programs. 


I should also nention that there are several other 
areas of the Feceral government which have an in- 
terest in comm inicative disorders and have some 
funds for appropriate programs. The Rehabilitation 
Services Admin stration, PHS, the Department of 
Labor, the Environmental Protective Administra- 
tion, OSHA, and other agencies at the Federal level 
have interests in this subject area and may very well 
provide some support for programs related to com- 
municative discrders. No doubt there are others I 
have not mentiened. 


In many states there are programs for the com- 
municatively di-advantaged but these programs are 
almost all direc-ed toward service and even in this 
area are woefuLy inadequate. 


I mention these areas of potential support for re- 
search and services which are available at the Fed- 
eral and state levels to serve as a background for my 
other remarks. There is a lot of potential support 
available, but each agency has interests in its special 
mission and one must be aware of those interests 
before actually applying for grant or contract sup- 
port. But overall, the message that I wish to get 
across is that there is a real inadequacy of funds for 
research and almost a complete lack of support for 
service programs. 


The message is loud and clear. There is not now 
nor is there likely to be in the immediate future, 
adequate public agency support for developments 
in the communicative disorders. In light of this fact, 
the responsible leaders in the field are going to have 
to turn to the general public to support many of the 
needed programs. Some support can be obtained 
from established foundations and institutions, but 
there is a rising interest on the part of individuals 
who can afford and have an interest in supporting 
research and especially service for the communica- 
tively disadvantaged. 


At the moment there are only a handful of 
private organizations with a high priority interest in 
the area. The Kennedy Foundation is well-known 
for its broad interests in retarded individuals. I was 
proud to see Sargent Shriver and Eunice Kennedy 
Shriver honored at this meeting for their contribu- 
tions. The Tracy Clinic is well-known and highly 
respected but here too the contribution is limited in 
relation to the national need. Probably one of the 
most prominent organizations, especially in the 
support of research, is The Deafness Research Foun- 
dation of New York. This foundation has been ac- 
tive in the field for some years and has provided 
vital support for many programs related to hearing 
disabilities and deafness. Over half of their grants 
were for projects which were clinically oriented. 
This Foundation allocated about $530,000 to pro- 
gram and supporting services in 1977. I understand 
that the number of requests for grant support has 
substantially increased in recent years and the funds 
available have shown a modest increase. 


Recently the National Hearing Association of 
Oak Brook, Illinois has been established under the 
presidency of Dr. George E. Shambaugh, Jr. This 
Association has sponsored state of the arts con- 
ferences and workshops on various aspects of hear- 
ing disabilities. I am not aware of the magnitude of 
their support in this field but it is a new organiza- 
tion which is expected to make a contribution to re- 
search and service in relation to deafness. I do not 
mean to infer that they are the only programs, but 
they are prominent examples. 


I have been involved recently in the establish- 
ment of a new foundation located in the Washing- 
ton area which is devoted to the problems of hear- 
ing disabilities and deafness. The organization, The 
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Hearing, Educational Aid and Research Foundation, 
Inc (HEAR) was established about two years ago 
and is just beginning to get into operation. The 
HEAR Foundation was established in memory of Ma- 
bel Hubbard Bell, the wife of Alexander Graham 
Bell; and their grandson, Dr. Melville Bell 
Grosvenor, is one of the founders and a member of 
the Board of Directors. The Board is yet small and 
consists of a prominent group of civic leaders, per- 
sons in the field of deafness education and two 
physicians — Dr. John Bordley one of our Honored 
Guests at this conference was one of the founders 
and I am serving as a part-time President and 
member of the Board. We feel that we are very for- 
tunate to obtain the services of Dr. George Fellen- 
dorf who has been Executive Director of the Alex- 
ander Graham Bell Association since 1962, as our 
Executive Director. Dr. Brookhauser is a member of 
our Educational Advisory Committee. 


Mabel Hubbard Bell had normal hearing from 
birth until she had an attack of scarlet fever at the 
age of four. She lost all of her hearing and her fami- 
ly later took her to Dr. Bell when they were des- 
perately seeking assistance for her at the time when 
Dr. Bell was doing much of his work on sound 
transmission. He apparently saw more in her than 
an experimental subject, for some years later he 
married her and they produced a family of normal- 
hearing children. 


The HEAR Foundation will devote its activities 
toward the problems of hearing disabilities and 
deafness. Particular emphasis will be placed on the 
problems in childhood. We expect to support pro- 
grams designed to improve present therapy and re- 
habilitation, primarily on a demonstration or train- 
ing basis, and to provide scholarships, fellowships 
and loans to physicians and other professional per- 
sonnel showing unusual promise in the problems of 
hearing and the correction of deafness. The Foun- 
dation plans on making an annual Mabel Hubbard 
Bell award for outstanding work in the field of 
deafness. The award may be for work in the field of 
basic research or in clinical application. We have a 
Medical Advisory Committee and an Educational 
Advisory Committee which are expected to provide 
the Board of Directors with direction and guidance 
in its programs. 


The HEAR Foundation has recently, in collabor- 
ation with the American Speech and Hearing Asso- 
ciation, the Alexander Graham Bell Association and 
the Better Hearing Institute, been awarded a con- 
tract from the Environmental Protection Agency to 
establish a “National Information Center for 
Quiet.” This project represents our joint concern for 
noise in our environment, the cumulative damage 
which it imposes on hearing, and methods of abat- 
ing such noises. We are also discussing with the 
Rehabilitation Services Administration and the De- 
partment of Labor, other problems of noise in in- 


dustry and in our general environment. We hope to 
work with them in the abatement of unnecessary 
noises ia our working and living environment and 
the employment of hearing-deficient persons in in- 
dustry. Our program in relation to our commitment 
to hearing problems in childhood is in the process of 
development. We do expect to make a significant 
contribution to this problem over the next few 
years. We do not expect to conduct research and 
serviée programs as a direct staff activity; rather, 
we plan to support and stimulate programs and per- 
sons who can make a contribution in the field. We 
have a special interest in training teachers and 
medical care personnel to appreciate the broad 
problem and to contribute in that manner, 


There are many other organizations, both large 
and small which I have not had an opportunity to 
mention. The organizations and private philan- 
thropdes can be important to you and the develop- 
ment of your programs. Look for the individuals, 
the personal interests of persons of substance in your 
community, your area and your region. Many of 
these interests will be more inclined to help good 
organizations of service and research near home, 
and there are a lot of small personal sources, as well 
as established foundations looking for appropriate 
programs to support. Every person of advanced age 
who is having hearing difficulties is interested in the 
problem. Many of them have considerable resources 
which can be devoted to the support of meritorious 
research and service without economie jeopardy to 
their families or estates. The same is true for many 
aduits who have problems in their children or their 
grancchildren. 


When you are aware of the sources of support 
from the Federal government and from the state 
and local resources, you can evaluate the areas of 
unmet need and concentrate your efforts for sup- 
port frem local and regional individuals and small 
private foundations. This is your greatest prospect 
for those program needs which are not provided for 
in our Federal or state programs. 


You know and I know that “Uncle Government,” 
whether he be Federal or local, is not going to meet 
your needs and reasonable requirements. Many of 
us hate to go to persons or institutions as beggars, 
but remember that in many instances you are doing 
those persons a favor when you provide them with 
an outlet for their resources which would not, 
otherwise contribute to welfare and advancement 
of eur society. After all, there is no cne who gets 
greater satisfaction than the person who can afford 
and has made a significant contribution to the socie- 
ty in which he lives. Don’t take his contribution and 
walk away. You have responsibility to let him know 
what his dollars have done and that there has been a 
proper recognition of the donor. This not only as- 
sures a donor of your appreciation for his support 
but creates a desire to make further and probably 
greater contributions in the future. 
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There are very few “simple problems” left in the areasof communication cisarders, but that does not mean that there are unsolvable 
problems. However, in pursuit of these, present day research often requires extensive technical procedures which require teams of investi- 
gators trained in different areas. Among these should bethe otolaryngologist, out, in this country, there are few involved. and there is a 
paucity of disease-oriented research. In the 1950s and 1960s, the NIH training grant provided funds for bringing doctor of philosophy re- 
searchers into clinical departments to set up laboratories and work intimately with the medical doctor. Basic research training is still essen- 
tial during residency and the number of postresidency fellowships ought to be increased. The familiarity with clinica] problens introduced 
into the research effort should improve the possibility for the conduction of disease-oriented research in addition to the present day empha- 


sis on basic research. 


Not too long ago, research was, more or less, a 
personal endeavor. It arose from the curiosity of an 
individual who sought, by any methods he could de- 
vise, to answer the questions he raised. Generally, 
the individual was an academician who, through 
his teaching, saw the need for new knowledge and 
so he became involved in research which was ac- 
cepted as an essential part of his scholarly activity. 
He asked about whatever interested him, and his 
genius lay in the way he sought his answers, l'mited 
only by the technological achievements of the time. 





Now the researcher finds himself in the peculiar 
spot of facing the fact that the era of the simple 
problem is over and that technological advances 
have resulted in the necessity that individuals with 
very different educational backgrounds engage in 
research on different aspects of the same problem. 


This is particularly apparent in the area of 
communication disorders, which, more pracisely 
defined, refers to disorders of speech and hearing, 
two extremely complicated processes. The neuro- 
muscular processes called into play in the creation 
of speech are equally as complicated as the mechan- 
ochemical processes of hearing. Obviously, research 
in these areas involves considerably diverse disci- 
plines, and when it comes down to the question of 
research training, it becomes necessary to be quite 
specific as to the field of specialization. One cannot 
be an expert in medicine, electronics, computers, 
acoustics, biochemistry, electron microscopy, etc. 
Consequently, in this country, we find a paucity of 
disease-oriented research, and instead a more basic 
science approach to problems in the communication 
disorders. 


When one reads the world literature in the area 
of the communication disorders, one is impressed by 
the fact that in the foreign countries most ef the 
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research is done by medical doctors (MID) whereas 
in the United States this research is dome mostly by 
doctors. of philosophy (PhD). One is impressed by 
the observation that the foreign MDs: are much 
more involved than are the MDs of this sountry. Of 
course, in Europe an essential part of obtaining ac- 
ceptance in academic medicine is a well-done re- 
search thesis. Following this, many of the European 
MDs centinue spending a considerable portion of 
their time in the laboratory, motivated by the fact 
that nature of medical practice mitigates the 
drive fər increased earnings through private prac- 
tice. 
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Conrnunication disorders are primarily medical 
problems, but it is not essential that ar MD do all 
the research. However, in the provision of research 
training and financial support there should be 
orientation toward the goal of eventually solving 
the disearder with which the human patient is af- 


flicted. 


In a survey’ published in 1974 by the National As- 
sociation of the Deaf, the following statistics are 
given fer the causes of deafness in those persons who 
could mot hear or understand speech and who lost 
that ability prior to 19 years of age. Of the popula- 
tion responding, 35% ascribed their deafness to an 
illness ‘spinal meningitis, scarlet fever, measles, 
whooping cough and others), 7.6% to an accident 
or injury, 31.8% were born deaf (inherited or 
mother had rubella), and 24.6% reported cause an- 
known or did not respond. To this list for the older 
population must be added presbycusis, ototoxicity 
and overstimulation. 


Each of these is amenable to attack in the re- 
search .aboratory. And with greater emphasis on 
prevention, the future could see the number of deaf 
reducec. The role of hyperlipoproteineria, congen- 
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ital deafness ¿s secondary to inherited organ dys- 
function such as the thyroid, and the mechanisms of 
the detrimentzl effects of toxins and noise, may see 
elucidation in the near future. Added to this should 
be the continued enhancement of our understand- 
ing of voice production and laryngeal control along 
with surgical methods for reinnervation of the lar- 
ynx and possikly replacement of an entire larynx. 


Of great imoortance is the researcher in speciali- 
ties unrelated directly to medicine. The work in 
auditory electrophysiology, psychoacoustics, 
biochemistry, and other basic areas contributes to 
the fund of inhormation needed to provide the data 
for eventual prevention and treatment of communi- 
cation disorde-s. But the medical synthesis of these 
data is the essential goal. Obviously, support for the 
basic, often seemingly unrelated, research must 
continue unabated. 


The technological advances of the future are un- 
predictable, but a few things can be foreseen. The 
combined transmission and scanning electron mi- 
croscope opens up new fields for exploring the inner 
relationship of the cells, blood vessels and neurons 
of the organ of Corti. The computer offers fantastic 
possibilities for aids to hearing, for perfecting the 
speech of the deaf, for analysis of vocal abnor- 
malities, for improving objective audiometry, and 
for enhancing x-ray images of larynx and ear. 


The selection of the appropriate animal model 
seems to be a hopeful approach. Work in the 
Michigan laberatories has demonstrated that the 
Patas monkey (Erythrocebus patas), who lives in 
the very arid environment of sub-Saharan Africa 
and has little water available to him shows marked 
hearing loss te low doses of dihydrostreptomycin. 
Like other desert animals, this monkey probably 
has an efficient kidney with minimal excretion. By 
contrast, the pigtail monkey (Macaca nemestrina), 
living in the hish, forest environment of Sumatra 
and the Malay peninsula with heavy annual rain- 
fall, has a much higher daily water intake and re- 
mains, like other species of laboratory animals, 
unaffected by similar dose levels of dihydrostrep- 
tomycin. 


As mentioned earlier, because of the very funda- 
mental difference in the approach to the adminis- 
tration of med:cal care in this country as opposed to 
that in the countries where the provision of medical 
care is on a mere socialistic basis, we see the MD in 
those countries more extensively involved in re- 
search. In this country, we continue to have a prob- 
lem of orientirg the MD and PhD toward the same 
goals. The mutual exchange of ideas and research 
application is weak, and herein lies a great oppor- 
tunity to strengthen this relationship to the benefit 
of the communicatively disabled. 


In the 1950s and 1960s, the National Institutes of 
Health (NIH) -raining grant provided a means for 


bringing PhD researchers into clinical departments 
to set up laboratories and to work intimately with 
the house officer and staff; this work often led to 
basic disease-oriented research. 


Support was provided for the recruitment of bas- 
ic scientists into programs that formerly had limited 
numbers of specialists. A biochemist, for example, 
interested in membrane transport would never pick 
Reissner’s membrane as the tissue upon which to 
conduct his research. But in order to understand 
how the ear works, it takes a biochemist to concen- 
trate on this problem. Such individuals have to be 
enticed into the field, and this necessitates research 
salary money, because the individual is often work- 
ing outside the department of his basic discipline. 


A deterrent to the progress of disease-oriented 
research in the future is the loss of the opportunity 
for bringing these various talents together. The pro- 
gram project grant does not create the same atmos- 
phere the otolaryngology training grant created. 
The training program, as originally conceived, was 
just beginning to gel at the time of its curtailment. 
There are today many former trainees who went 
through such programs, producing good research 
themselves, and who are now department chairmen 
without funds necessary to support the activities 
they were trained to promote. It is not the quantity 
of trainees that is of greatest concern, it is the quali- 
ty of trained specialists. 


In this connection it is interesting to look at some 
of the information revealed by the manpower sur- 
vey’ supported by NIH and carried out by the 
American Council of Otolaryngology. This survey, 
completed in 1973, was carried out by question- 
naire with complete anonymity of the department 
of individual, so presumably, no defense of the 
trainees’ eventual professional pursuits entered into 
the response. 


Of the 86 (out of 106) programs responding, 21 
required research experience of all their residents. 
Keeping in mind that only 61.3% of all known 
otolaryngologists responded for a total of 2,734, 459 
of these indicated they had had research training in 
NIH-supported programs. One hundred and forty- 
six, or 32% , are now either geographic or academic 
full-time faculty members. Not all of these in- 
dividuals received stipends, but they did receive 
research training. As of the time of that report, of 
the 273 respondents reporting that they had re- 
ceived NIH training stipends, 13 are department 
chairmen, 5 are full professors, 26 are associate pro- 
fessors, 59 are assistant professors and 66 are in- 
structors. The remaining 104 have no faculty ap- 
pointment or their rank is unknown. 


That 32% of those who went through NIH sup- 
ported programs went into academic positions does 
not indicate a flooding of the market; it indicates a 
replacement of faculty with high quality teacher- 
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investigators. Although fellowships and teacher- 
investigator awards may appear to be an adequate 
substitute, they imply a more isolated research en- 
vironment and are no substitute for the research 
training integrated into an ear, nose and throat 
residency program. 


This manpower survey contains a special section 
on the research otolaryngologist. It first points out 
that the otolaryngologist doing research has special 
problems because of his lack of specialization in a 
basic science. Those who indicated in the general 
questionnaire that they devoted 10% or more of 
their time to either clinical or basic research were 
sent a follow-up research questionnaire. There were 
only 118 otolaryngologists in this category, of whom 
62 completed the follow-up questionnaire and 13 
deleted themselves. In addition 31 names of known 
researchers and 12 foreign-trained otolaryngologists 
engaged in full-time teaching and research were 
identified for a total of 148, from which 96 
responses were received. 


Half of the respondents received at least part of 
their research funds from federal agencies and, for 
the most part, this research was done in collabora- 
tion with basic scientists or clinicians. 


The majority of these otolaryngologists, 75 in 
number, planned either to continue their level of re- 
search activity or increase it. The report states: “In 
addition to the area of clinical research where the 
medical doctor trained in otolaryngology is in- 
dispensable, otolaryngologists develop and perfect 
new surgical techniques and help to transfer un- 
solved problems in patient care into hypotheses on 
which the basic scientist may work.” 


“The 85 part-time research otolaryngologists who 
answered the research questionnaire represent approx- 





imately 3% of the 2,734 US otolaryngologists who re- 
turned the general questionnaire. When this figure is 
adgusted to the otolaryngology universe, there are an 
estimated 110 otolaryngologists seriously involved in 
research in this country. The addition of the 12 foreign- 
trained otolaryngologists contributing full time to re- 
seawch makes a pool of only 122 otolaryngologists in- 
volved in research. It would appear from these figures 
that the pool of research otolaryngologists will require 
enezrgement to meet the needs of research in the imme- 
diate aoa 


I thəroughly support the recommendations listed 
in this survey. 

it is recommended that the number of post 
residency fellowships be increased. These fellowships 
are important as they provide the only support for the 
advanced research training of those otolaryngologists in- 
terestec in a career of research, either basic:or applied. 
it ig necessary to train a proportion of otolaryngologists 
in research because their knowledge of clinical problems 
allcws for an input of ideas which cannot be contrib- 
uted by PhDs or MAs. Such trainees will aso be well- 
equipped to assume the responsibility for directing a 
department at a later time. 

Efforts should be made to convince the Congress and 
the Department of Health, Education, and Welfare of 
the argent need for continued long-term Federal sup- 
post of our training programs. 


We must do all we can to bring the needs of the 
communicatively disabled into the public eye. We 
should publicize our research advances, and solicit 
funds to support the laboratory programs. 


The essential ingredient in a research effort is a 
well-trained and industrious investigator. The 
problem boils down to: first, training the inspired 
indivicual, and second, providing him with a well- 
equipped and stable environment in which he can 
work. This Boys Town Institute for Communication 
Disorders in Children can do much te promote re- 
search and to bring to public attention the need for 
support in this area. 
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Philosophical 3u: practical current discussion of trends in education which could have a profound effect on the future of com- 


municative science: , 


Communica ive disorders comprise a broadly 
diversified grot p of clinical and psychological prob- 
lems related directly or indirectly to most medical 
and psychologzal disciplines as well as major seg- 
ments of the pnysical and biological sciences. It is 
the diversity im this writer’s opinion which makes it 
so difficult to stablish priorities for education and 
research in thee important areas. 


Historically, research and training programs in 
communicative disorders have evolved in three ma- 
jor areas: 1) general college campuses and univer- 
sities, 2) healtn science colleges and universities, 
and 3) goverrment and industry. Within these 
broad classifications there are two largely nonmisci- 
ble componen s: 1) clinical disciplines, and 2) 
laboratory disc p-ines. 


As the chief administrative officer of a major 
health science i niversity, there is little question that 
closer associatian between these elements not only 
results in a mor? meaningful educational experience 
but also imprevement in the quality as well as 
quantity of ressarch and training. Cooperation in 
training and research no matter how useful or well 
intentioned is extraordinarily difficult to achieve, 
due in part to the reluctance of faculty to leave the 
security of thei- peers for the uncertainty of a new 
educational miieu. General campus scientists are 
difficult to rec uit to health science campuses, al- 
though recent trends toward higher salary scales in 
the health sciences may ameliorate the problem to 
some extent. Even the relatively short step from a 
basic science department to a clinical department is 
unsettling. 


Let us look at some of the trends in education 
which could hawe a profound effect on the future of 
communicative sciences. Enrollment figures for the 
University of California’s eight general campuses 
which select their students from the top 12.5% of 
California high school graduates increased 15% be- 
tween 1971 ard 1978. They are projected to in- 
crease no more than 2% in the next seven years. 


ee a were wee 


This reflects in a general way the declining number 
of young people in our society, and with it the dis- 
appearance of new resources for educational pro- 
grams, the so-called “steady state.” 


At the other end of life’s spectrum the United Na- 
tions Organization projects a 100% increase in the 
world population over 60 years of age in the next 29 
years, an increase of 291,000,000 seniors. Harry 
Nelson writing in the Los Angeles Times' states 
“The growing proportion of elderly may be the se- 
cret time bomb which will challenge the financial 
stability and perhaps the moral integrity of Amer- 
icans as the United States considers having a com- 
prehensive health plan for everyone in the nation.” 
He goes on to point out that in Sweden those 70 
years and older comprise 10% of the population but 
use 50% of the health care facilities. Those 80 years 
of age and older comprise 2.5% of the population 
but represent 25% of the hospital utilization costs. 


It is thus not unreasonable to suppose that there 
will be increasing pressure on the training and re- 
search programs in communicative disorders to 
solve the problems of the elderly. This in turn, if 
successful, will add new pressures to those factors 
contributing to the cost of medical care such as: 1) 
new medical and surgical procedures, 2) increasing- 
ly expensive technology, 3) increased number of 
employees per patient, and 4) a rising public expec- 
tation of what medicine can accomplish. This in 
turn can have a negative effect on funding for re- 
search and training. Another ingredient during the 
period 1960-1975, the number of medical students, 
interns and residents in US schools has doubled 
while in the same period the number of graduate 
students has increased four-fold. It is this important 
group of young scientists, many without patient 
care involvement, who will need isolation from the 
rising tide of concern over the total costs of health 
care. 


Of even more concern is the relative decline since 
1965 in the support of biomedical research as a per- 
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TABLE 1. FINANCIAL IMPACT AS RESULT OF STATE 
SUBVENTION OF LOCAL PROPERTY TAX LOSS&S FOR 





1978-1979 
9 Campuses UCSF Total 
Budget" 1,800,000 ,000 225 .000,000 
State funds 767,000,000 62.000,000 
Prop. 13 cutst 58,000,000 4 400,000 


“Excludes E.R.D.A. Laboratories. 
tProp. 13 - Proposition 13. 


cent of national health expenditures, the absolute 
decline in support of research training since 1974, 
and the erosion of Federal support for both research 
and teaching in schools of medicine since 1965. I am 
frequently asked “What was the effect of the Jarvis- 
Gann initiative (Prop. 13) on the University of Cali- 
fornia?” Table 1 illustrates the financial impact as 
the result of state subvention of local property tax 
losses for 1978-79. The extent and severity of future 
funding constraints is unclear at this time, but it is 
certain to continue. With the unquestioned strin- 
gencies in state support which is already with us 
and the expectation of similar reductions from the 
Federal side, private support of research and train- 
ing assumes an extraordinary importance. « major 
undertaking such as the Boys Town Institute for 
Communication Disorders in Children is a far- 
sighted and extremely valuable addition to the 
country’s biomedical resources. 


The private sector cannot, however, assume a 
major portion of the state and Federal shostfall. Is 
there then any course which will utilize our existing 
resources more effectively and be responsive to the 
changing needs of those we serve? I am convinced 
that the answer is unequivocally, “Yes,” and that 
the solution lies in close cooperative programs cross- 
ing departmental lines, school lines and between 
universities both local and distant. In essence, the 
answer lies in joint programs permitting distin- 
guished faculty to retain the security of their peers 
and yet to challenge with their special skills some of 
the new frontiers of science and medicine. The 
number of such programs in the communicative 
sciences is very small if speech pathology ard audi- 
ology are valid indicators. 


Only 8% or these graduate programs are in 
health science institutions (17 of 212), and enly 4% 
are at the doctoral level (8 of 17). Conversely of 119 
medical schools, eight doctoral programs ia speech 
and hearing represent only 7% of the totai.? Thus 
one may assume there is a large reservoir of isolated 
talent in speech and hearing sciences and medical 
sciences that could be mutually supportive. There is 
seldom much controversy over the worthiness or 
value of cooperative efforts but they so often fail on 
the details. 


The individual objections to cooperative pro- 
grams can usually be classified under one or more of 
the seven cardinal sins. These are: 1) pride, 2) 
covetousness, 3) lust, 4) anger, 5) gluttony, 6) envy, 


and 7) sloth. Programs once established can falter or 
fail on similar frailties. Essential factors for suc- 
cessful cooperative arrangements are: 


1. The principals should be secure professionals 
of recognized distinction; 


2. The consortia wherever possible should in- 
clude students at all appropriate levels: 





3. Multiple sources of funding may offer more 
security than single source funding; 


4. It is more blessed to give than to receive. 


An example of an interuniversity pregram is the 
doctoral program in speech and hearing sciences, a 
joint effort between the University of California, 
Santa Barbara and University of California, San 
Francisco. in which the course work is concentrated 
on the Santa Barbara campus and the clinical and 
researeh experience on the San Francisco campus. 
The Maxillo-Facial Anomalies Clinic, an inter- 
school program between medicine, dentistry and 
nursing is involved in the long-term diagnosis and 
management of craniofacial anomalies. Included 
are orthodontists, plastic surgeons, audiologists, 
pediatricians, speech pathologists anc nurses. An 
extremely valuable interdepartmental program is 
the Reading and Language Development Clinic, 
staffed by pediatricians, psychologists, audiologists, 
speech therapists, neurologists, classroom teachers 
and related students. It deals with complicated 
problems involving children with educational dif- 
ficulty and is immensely popular with cur students. 


Recently while reading an account of the First 
Crusade, 1096-1099,* I was impressed with the 
similarity between Pope Urban IT's efforts to unite 
the Christian world behind such a worthy cause and 
the problems encountered in academic administra- 
tion with cooperative programs. First, by the year 
1000 AD the population of Europe exceeded the 
ability of agriculture to support it ‘reduced re- 
sourees). Secondly, there was an abundant supply 
of ambitious younger sons of noble rank whom the 
laws of primogeniture excluded from an inherited 
livelihood (nontenured faculty). 


Urban II preached the Crusade throughout Eur- 
ope, fanning the fires of popular fervor. but in addi- 
tion he offered other inducements: 


1. To the barons, all the land they ceuld conquer 
in the East (tenure); 





2. To the serfs, freedom from feudal obligations 
and remission of their sins (a better title); 


3. To the clergy, release from monastic discipline 
(no more committees); 


4. To the merchants, profits (fee for service). 


The aeademic comparison continues: Many who 
were ill-prepared or ill-equipped dropped by the 
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wayside. Others such as Baldwin of Bulogne, and 
Bohemund of Sicily carved out their own empires at 
Edessa and Antioch — and built large castles to pro- 
tect their holdings. When the Crusade finally suc- 
ceeded with Godfrey’s foothold atop the North wall 
of Jerusalem on July 14, 1099, and the capture of 
the Holy City, the crusaders promptly slaughtered 
all the inhabitants (getting rid of the dead wood)! 


Let me quote in part from Saladin the Great’s 
words to his son al-Zahir after he had recaptured 
Jerusalem some 90 years later and shortly before his 
death, “Beware of bloodshed; do not trust in that, 
for spilled blood never sleeps. Strive to gain the 
hearts of thy subjects and watch over all of their in- 
terests, for thou art appointed by God and by me to 
look after their welfare.” Administrators take heed. 
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COMMUNICATIVELY DISADVANTAGED: 
HABILITATION NEEDS 


S. RICHARD SILVERMAN, PhD 


St. Louis, MISSOUR! 


The bewildering patchwork or organization and organizing principles invcived in the delivery of services to the communicatively 
disadvantaged requires an amalgam of effort. Also helpfal would be a clearer understanding of magnitudes, characteristics and habilita- 
tion needs of certain subgroups such as the language disabled, the multiply handieapped and the moderately handicapped. Since this con- 
ference is concerned primarily with scientific contribution, it is suggested that we are in a transition from intuitive approaches to 
habilitative procedures to those derived from scientific investigations. This is pomtedly documented in the area of language which cuts 
across all types of communicative disorders, as well as in such areas as early identification, sensory aids, career education, parent guidance, 
media use and mental health. It is important, too, for scientists to communicate clearly with their many publics. 


On first turning my attention to preparation for 
the topic assigned me, “Priorities in Service Deliv- 
ery to the Communicatively Disadvantaged: Habil- 
itation Needs” I thought I would focus my remarks 
on the organization of delivery of services. This ap- 
proach suggested itself because I believe that our 
success in habilitation may depend as much on how 
we organize ourselves to do our work as on our 
clinical and laboratory discoveries. Scrutiny of 
delivery of services that are available reveals a 
bewildering patchwork of organizations, organiz- 
ing principles and their expression in purposes, 
sponsorship and support. A compelling future 
priority is to seek some amalgam of effort par- 
ticularly as we face the hard facts of costs, man- 
power requirements, standards, evaluation, social 
pressure and a host of other issues. I decided not to 
take this tack, as important as it undoubtedly is, 
because I felt it was somewhat tangential to the cen- 
tral theme expressed in the subscript of the con- 
ference brochure, “Scientific Dedication Con- 
ference.” 


I then thought that an appropriate approach 
would be a discussion of magnitudes, characteristics 
and habilitation needs of those subgroups of the 
larger general population of communicatively dis- 
advantaged who in the future should command 
more attention than they are now getting. These in- 
clude especially the language-disabled, the multiply 
handicapped, and, surprisingly enough, the moder- 
ately handicapped. Table 1, for example, shews the 
additional handicapping conditions coincident with 
hearing impairment compiled in 1973 by the Office 
of Demographic Studies at Gallaudet College. 
Clinicians are familiar, too, with the moderately 
handicapped child, frequently misdiagnosec, who 
falls in the cracks of the service delivery system. I 
soon abandoned this strategy because I am convinced 
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that the subject requires more visible and concen- 
trated treatment than I or the conference was 
prepared to give it. Perhaps organization of service 
delivery and characteristics, pertinent for habilita- 
tion, cf the population to be served are each 
suitable subjects for full conference consideration. 
We are likely to be stimulated along these lines by 
the panel that follows this presentation. 


In my opinion the primary service to be deliv- 
ered, tae fundamental habilitation “need,” is the 
development, improvement and, where indicated, 
mainteaance of communication in those in whom it 
is disordered regardless in what organizational or 
therapeutic setting the service is rendered. And the 
implicit focus of this conference is the current or 
potential contribution of scientific research to the 
satisfaction of that need. 


In that spirit I submit this proposition: More than 
at any other period in the history of this field we 
find oarselves in transition from intuitive ap- 
proaches to habilitative and instructional pro- 
cedures largely determined by experience to pro- 
cedures derived from scientific investigations. The 
transitional phenomenon is strikingly illustrated in 
an area as fundamental as any for our service tasks 
namely, language, the stuff of communication by 
whatever mode it is expressed or received. 


We have been challenged to assess our intuitive 
approaches to the language problem by the theories 
and findings growing out of the work of students of 
linguistics, of child development and of the psychol- 
ogy of learning who have merged their interests and 
methods into the discipline of psycholinguistics. In 
historical retrospect of the past 20 years or so we 
find that initially child-language studies were domi- 
nated by grammatical formalism. Investigators 
studiec how children acquire and internalize gram- 
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TABLE 1. PERCENT OF HEARING-IMPAIRED STUDENTS 
WITH SPECIFIED ADDITIONAL HANDICAPPING 
CONDITIONS BY AGE GROUP, UNITED STATES: 
1971-72 SCHOOL YEAR* 


Additional 
Handicapping : Age (yr) 

Conditions 1-5 6-10 11-15 15+ 
None 61.4 56.2 55.2 59.6 
Brain damage 3.6 3.5 3.5 De 
Cerebral palsy 1.6 2.1 2.4 4.2 
Epilepsy 0.6 0.6 0.7 0.6 
Heart disorcer Zl 3.2 1.8 32.8 
Mental retardation 2.4 3.9 Tia 8.6 
Orthopedic 1.2 0.6 0.7 0.7 
Perceptual/motor 1.5 3.7 3.0 1.0 
Emotional/behavioral 3.2 Sra 5.0 3.7 
Severe visua. 2.9 3.9 3.4 24 
Other 22 2.2 2.8 Zt 
Blank/unknewn 17.3 14.5 14.] 12.3 


* Additional handicapping conditions among hearing impaired students: 
United States: 1971-4972. Data from the Annual Survey of Hearing Im- 
paired Children and Youth. Washington, DC: Gallaudet College, Office 
of Demographic Studies, 1973. 


matical forms such as questions, passives, and nega- 
tives. This led to attempts to write content-free 
grammars of emerging child language. These were 
essentially based on distribution of words within 
children’s utterances and made no reference to 
what their reasons for speaking might be. Equiva- 
lence of form rather than differences in meaning 
was the center of attention. 


Rigid formalism came to be questioned with the 
recognition that it is necessary to study the context 
in which an utterance is produced in order to un- 
derstand the meaning the child is trying to express. 
For example “baby water” may mean “the baby 
wants water,” “the baby is in the water,” “the baby 
spilled the water,” etc. This suggested that we need 
to be concerned with the “semantic rules” that 
relate words or sentences to things and events. 


Even this ccnceptualization had some gaps. The 
notion has developed that a complete description of 
what children are doing when they speak includes 
not only the actual forms produced and their con- 
text but the social use of that speech. Is the ut- 
terance a request for information? A casual com- 
ment? Or what? Does it take account of the knowl- 
edge the hearer shares or does not share with the 
speaker? Otherwise said, it is the sociolinguistic 
aspect of communication. Thus the forms, the con- 
tent or intended meaning and the special uses of 
speech have emerged as a tripartite focus of most 
current child-language study. 


These investigations of normal language develop- 
ment have begun to influence our thinking if not 
our management and instructional practices. Evi- 
dence of application and results are not at hand 
probably because of the recency of findings, the 
issues related to them and the undetermined sig- 


nificance they may have for language acquisition 
and instruction of hearing-impaired or learning- 
disabled children. For example, in the approach of 
generative grammar, language is characterized by 
acquisition of increasingly complex rules which ap- 
proximate the rules of adult language. How a child 
accomplishes this is not clear but it has been sug- 
gested that frequent parental expansion of a child’s 
telegraphic speech may be fundamental. It appears 
from this that language learning is accomplished by 
imitation of adult structures with appropriate and 
timely reinforcement and in its more extreme form, 
as in the case of language-delayed children, by a 
programmed “behavior modification” approach. 
On the other hand, there is evidence that children 
respond to the imitation task in a manner more or 
less consistent with their present level of gram- 
matical rules and that listening to increasingly com- 
plex utterances is a basis for the rules that govern 
the child’s language production. These approaches 
may not be mutually exclusive and the emphasis on 
one or the other may depend on the child’s language 
development at a given time. 


Concurrent with this notion and perhaps stimu- 
lated by it is interest in what I have referred to as 
the “subtle interweaving of language and thought.” 
The argument is advanced that cognitive develop- 
ment both precedes and enables language develop- 
ment. The aim here is to extract the child’s cog- 
nitive understanding underlying language perform- 
ance and to specify the nonlinguistic tasks. The 
possibility that cognitive strategies are universal in 
the sense that there are linguistic universals is a 
hypothesis that merits consideration. 


The possible implications for the education of 
hearing-impaired children, for example, of research 
in the development of language of hearing children 
should command our serious and earnest attention. 
It is conceivable that they may influence, among 
other things, our modes of communication, the tim- 
ing, sequencing and structuring of language imput, 
our concepts of “correctness” of language produc- 
tion at various levels in a child’s development and 
our assessment of language competence and achieve- 
ment. We may thus be led to hierarchical develop- 
ment as a point of departure for dealing with lan- 
guage disorders rather than pervasive remediation. 


Of course, there are other significant areas re- 
lated directly to habilitative services that point to 
our state of transition from the intuitive to the sci- 
entific. Among these are early identification, audio- 
logic assessment, speech and sensory aids all of 
which are included in the conference agenda. 


Failing prevention of successful medical and/or 
surgical treatment of disorders, measures need to be 
instituted based on an understanding of its conse- 
quences for the affected individual. In a basic scien- 
tific sense we need to understand both normal and 
pathological transformation of signals at the coch- 
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lear (and retinal), neural, perceptual, and linguistic 
levels and their relation to learning. In a broader 
applied sense we must concentrate on the preven- 
tion of intellectual, psychological and social pa- 
thology. We do this by recognizing the potential 
benefits of shaped sensory and motor experience for 
a plastic, maturing nervous system. The benefits are 
more likely to be realized if significant deviation is 
detected as early in a child’s life as possible. 


Detailed consideration of procedures aimed at 
detection and specification of deafness in neonates, 
infants and young children are beyond the scope of 
this paper. These include episodic testing by observ- 
ers, programmed movement-detection transducers 
in the crib of a neonate associated with tomes, and 
the monitoring of “high risk” children. Whatever 
turns out to be the method or methods of choice it is 
fortunate that the search per se has underlined the 
need for and the value of early detection and fol- 
low-up. This, along with public education of all 
concerned with infants, should improve our screen- 
ing and identifying score. 


Not only are we making progress in detection of 
deafness, but as we follow a screened-out or identi- 
fied child, increasingly refined assessment of the 
nature and degree of hearing loss is within reach: 
the middle ear by impedance testing, the inner ear 
and the neural transmission and central nervous sys- 
tem by evoked response methods. We are also learn- 
ing that more attention is required of audic. ogists to 
those items of assessment, in addition to the audio- 
gram, that may be pertinent to remedial and educa- 
tional management such as perception of patterns, 
ability to use minimal acoustic cues, asymmetrical 
auditory processing (dichotic listening), attentive- 
ness to sound, differential sensitivity to signal fre- 
quency (frequency resolution), intensity amd dura- 
tion, and combined audiovisual processing. The sig- 
nificance of procedures and measures such as these 
for hearing aid selection, for auditory training, and 
for amplification combined with nonauditory com- 
munication and sensory aids is still an open question 
as is the confidence with which we can recommend 
education and modes of communication based on 
them. The need to be alert too, whenever possible, 
to assess handicaps additional to hearing impair- 
ment is also important. 


As mentioned previously we are intrigued by 
empirical-descriptive studies that suggest stages at 
which hearing children induce the phonolagic, syn- 
tactic and semantic rules of language. Of interest to 
us, too, is the hypothesis that human being: inherit, 
rather than learn, some abilities for perceiving 
speech sounds. Human infants that have net yet be- 
gun to speak are able to perceive speech sounds that 
are not differentiated in the language they even- 
tually speak. This suggests a theory of attrition of 
potential communication skill if there is no en- 
vironmental stimulation of genetically determined 


capabilitv. How much this capability can be modi- 
fied is probably determined by the kinc and amount 
of environmental stimulation and the time of life or 
“optimum period” during which it is provided. 


The spectrograph and speech synthesizer are en- 
abling us to learn more about the relation of speech 


© perception to speech production. The identification 


of the acoustic variants that influence speech per- 
ception and the fine-grained description of the 
acoustic parameters of speech production should be 
important baseline considerations for all who 
espouse cptimum use of residual hearing. 


How the abundant talents and vigerous interest 
of investigators in allied fields are being applied to 
our problems is no better illustrated than in the 
search for sensory aids. Currently, there is an ex- 
tracrcinary increase in this activity that engages 
engineers, speech scientists, psychologists and 
neurcphysiologists. Sensory aids are being designed 
to extract and transmit features of speech that are 
likely to facilitate speech perception and, hence, 
speeca production. An impressive effort has gone 
inte the coding of stimuli particularly auditory. The 
emphasis has been on making available crucial in- 
formation-bearing elements of signals to the part of 
the auditory channel that may possibiy detect and 
process them. Clever methods cf frequency 
transposition, insertion of discriminabdle surrogate 
signals and various patterns of amplification in 
association with particular training regimes are be- 
ing attempted. Here too the evidence for special 
methods of coding are not overwhelmingly convinc- 
ing but impressionistic and anecdotal evaluation 
encourages continued efforts in these directions. 
Also we shall watch with interest the attempts to 
adapt finger spelling to phonetic correspondence 
and to expand and to refine syntactical features of 
the language of signs. 


It beeomes clearer as we ponder these alterna- 
tives ior sensory input whether to the skin, the eye, 
or the ear or some combination of these that we 
need to ask more fundamental questions such as the 
effects of a particular strategy on the operation of 
short term memory, of the storage af rules of se- 
quential probabilities of linguistic units and chunks, 
of bisensory processing of information, of the place 
of immediate, delayed, ambiguous or distorted 
feedback over any sensory system and.of carry-over 
from structured training regimes with devices to 
everyday communication. Worthy o! note also is 
the demonstrated value of another class of aids 
name_y the teletype and the promise cf the picture- 
phone. We shall continue to learn, teo, about im- 
plantation of electrodes in the inner ear to transmit 
an electrical signal to the auditory nerve of post- 
lingually profoundly deaf persons. 


In the interest of time I have directed most of my 
attention to those areas that nicely illustrate not 
only the intuitive-scientific transition but also those 
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concerns that have traditionally and distinctively 
commanded the attention of the research communi- 
ty concerned with aural-oral communication. Of 
course, we are intensely interested in the improve- 
ment of media use, in the heartening developments 
in career and postsecondary education, in the grow- 
ing interest in models of personality development 
and their import for mental health of communica- 
tively disadvantaged persons, and in evaluating 
varying emphases in parent-child programs. These 
fields of inquiry are not as clearly focused as those I 
have cited but they certainly point to habilitation 
needs. 


In our state of transition which may last longer 
than some cf us care to predict it is prudent to keep 
in mind that intuitive approaches based on experi- 
ence occupy an important place in our professional 
efforts. However, they should not be indifferent to 
scientific advanees. They should complement them. 
And given the great open spaces between scientifi- 
cally determined facts that have been demonstrated 
to be applicable to habilitation the converse should 
also apply. Nature sometimes does produce lesions 
that are nct reproducible in the laboratory, 


Finally it is not out of order to suggest in this sci- 
entific dedicatory context that it is essential for in- 
vestigators or their spokesmen to engage in a sus- 
tained effort to contribute to the understanding and 
appreciation of the research but who have a sub- 
stantial stake in its pursuit and in its outcomes. 
These include especially the families of children, 


administrators, staff, government, and financial 
supporters. Too often these potential “consumers” 
of the research “product“ are critical of the choice 
and level of problems chosen for investigation, are 
impatient with the pace with which applicable re- 
sults are achieved, are bewildered by the language 
in which research is communicated, are irritated by 
a posture of superior intellect and cultivated de- 
tachment assumed by researchers and are skeptical 
of value received for dollars invested, especially tax 
dollars. 


Improvement of communication about research 
with the many publics concerned with the commu- 
nicatively disadvantaged should establish a climate 
of mutual respect for purposes, methods and integ- 
rity of all who are involved whether producers or 
consumers. In the language of the Conference title 
the present status of this activity requires that it be 
placed high in any list of future priorities. 


Prominent among the needs from the point of 
view of research are: 


1. Continuing effort to sort out from research 
findings those that apply to practice. 


2. Reexamination of principles that apply to or- 
ganization of delivery of service. 


3. Pragmatic description of populations to be 
served. 


4. Improvement of communication between pro- 
ducers and consumers of research. 
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Educational programming for the hearimg-im- 
paired in the United States is going to be 
substantially influenced by the individualized 
education program (IEP) which is a key conzept of 
the Education For All Handicapped Childrea’s Act, 
or as it is more commonly referred to, Pubie Law 
(PL) 94-142. This is undoubtedly one of the most 
significant pieces of legislation affecting the han- 
dicapped ever passed in this country. 


Basically, it guarantees the right of all handi- 
capped children to receive a free and appropriate 
public education. The term “appropriate” is de- 
fined in the regulations in the statement: “Free ap- 
propriate public education means special education 
and related services which: ... Are provided in 
conformity with an individualized educatien pro- 
gram...” Thus the IEP is the key to compliance 
with the requirement of an appropriate edacation 
for each handicapped child. 


The IEP must be a written statement that is de- 
veloped in a meeting which includes the following 
participants: 


l. A representative of the public agency, other 
than the child’s teacher, who is qualified to pro- 
vide, or supervise the provision of, special educa- 
tion. 


2. The child’s teacher. 
3. One or both of the child’s parents. 
4. The child where appropriate. 


5. Other individuals at the discretion of the par- 
ent or agency. 


The IEP must contain: 


1. A statement of the child’s present level of per- 
formance. 


2. A statement of annual goals, including short 
term instructional objectives. 
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3. A statement of the specific special education 
and related services to be provided the child and the 
extent to which the child will be able to participate 
in regu.ar educational programs. 


4. The projected dates for initiation of services 
and the anticipated duration of the services. 


5. Appropriate objective criteria and evaluation 
procedures, and schedules for determining, on at 
least an annual basis, whether the short term in- 
structienal objectives will be achieved. 


The term “related services” as used in the defini- 
tion means transportation and such developmental, 
corrective, and other supportive services as are re- 
quired to assist a handicapped child to benefit from 
special education. Among these are included such 
services as audiology, speech pathology, psychologi- 
cal services, early identification and assessment of 
disabil:ties in children, and parent counseling and 
training. 


The law requires that parents have an opportuni- 
ty to participate in the formulation of an IEP and if 
they feel that the school is not planning and pro- 
viding an appropriate education, they have a right 
to inspect and review all educational records re- 
lated to the identification, evaluation, educational 
placement, and provision of a free appropriate 
education for their child. 


They also have the right to obtain an indepen- 
dent educational evaluation at public expense if 
they disagree with the evaluation obtained by the 
school district and they have the right to request an 
impartial hearing to determine if the child is receiv- 
ing an appropriate education. 


These impartial hearings must be conducted by 
trained hearing officers who must not have a vested 
interest in the case and are not employees of the 
school involved. Decisions of the hearing officers 
can be appealed to the state education agency and 
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ultimately to the courts if the issue cannot be other- 
wise resolved. 


Individualized education plans are not a new 
concept. {n selected areas such programs have been 
prepared ‘or students for some time. They were 
mentioned in the Elementary and Secondary Edu- 
cation Ac: of 1365 and the Education Amendments 
of 1974, which required that programs and services 
be based on the individual needs of handicapped 
persons. However, it was not until PL 94-142 that 
the law contained the specific requirements for 
developing an IEP and describing the content, the 
persons responsible, and the date by which IEPs 
were to be developed. 





There are some additional features of PL 94-142 
which are worthy of note. The law requires: 1) 
multifaceced monculturally biased evaluation, and 
2) that handicapped children be educated in the 
“least restrictive environment,” which means that 
they are aduceted to the maximum extent appro- 
priate with children who are not handicapped. 
Again, “a>propriate” is the key word. 


Special classes, separate schooling or other 
removal cf hardicapped children from the regular 
educational environment can occur when the na- 
ture or severity of the handicap is such that educa- 
tion in regular classes without use of supplementary 
aides and services cannot be achieved satisfactorily. 
An extrerne interpretation of this provision sug- 
gested “mainstreaming” for all handicapped 
children. [t is unlikely that total mainstreaming 
would ev2r be appropriate, but we undoubtedly 
will be seeing more handicapped children in regular 
classrooms. There is considerable discussion over 
what environment should determine a child’s place- 
ment. It s argued that a normal-hearing regular 
classroom placement for a young profoundly con- 
genitally ceaf child with little language may be 
more restrictive for the child than placement in a 
special anc segregated classroom or school. 


That, very briefly, is where our educational pro- 
gramming for -he hearing-impaired is at the pres- 
ent. As tc the cuture, it will be determined as we 
gain more experience with the new law. 


Because of the undefined terms in the law, “ap- 
propriate education,” “least restrictive environ- 
ment,” ard the fact that parents have guaranteed 
procedural safeguards with access to local and state 
hearings, and ultimately the courts, it is likely that 
the future will see a clarification of these undefined 
terms threugh precedent-setting legal decisions. 


The law provides some financial support for this 
increased servize program, but that too is being 
phased in. The mechanisms for insuring compliance 
are not satisfactorily in place. In fact, some states 
do not as vet have approved state plans, and in fact, 
may not te planning to submit them. 


It is an understatement to suggest that profes- 
sionally we were not ready to implement fully the 
provisions of PL 94-142, even though the law was 
passed in 1975 and the initial IEPs were not re- 
quired until October 1977. 


Generally speaking, we were not prepared to 
provide multifaceted nonculturally biased tests to 
young deaf children. That is a desirable objective 
but somewhat beyond the state of the art at this 
time. Possibly PL 94-142 will serve as a stimulus for 
the development of such instruments. 


Our regular classroom teachers were certainly 
unprepared to cope with mainstreamed handi- 
capped children. In a survey’ of 1,726 regular 
classroom teachers, only 21% felt they were ade- 
quately prepared to teach mainstreamed handi- 
capped students, and while 80 to 90% favored the 
offering of in-service and graduate courses to build 
competence for effective mainstreaming, only 50 to 
60% indicated they would be willing to enroll in an 
in-service level course and only 30 to 40% would 
commit themselves to a graduate level course. 


Very few of our school districts were prepared to 
provide the array of related services specified, par- 
ticularly when these had to be delivered in many 
different regular schools rather than in the cen- 
tralized special education schools and programs. 


Despite the fact that informed parents are re- 
quired for meaningful participation in the IEP con- 
ference, little provision has been made to insure 
that parents have the experience and background to 
become meaningful participants as undoubtedly in- 
tended in both the letter and spirit of the law. 


It is of interest to speculate on the origin and 
motivation for this sweeping piece of legislation, 
particularly because, historically, innovation in 
special education has tended to come from the pri- 
vate sector where we now have a legislative branch 
of government providing rules; in fact we have 
rather precise specifications for the way in which 
educational programming for the hearing-impaired 
will take place. 


It is possible to discern two converging forces that 
may have been responsible for the governmental in- 
volvement. One was undoubtedly the growing 
awareness that many handicapped children were 
not receiving an appropriate education, or in some 
cases any education at all. The other force grew out 
of the experiences of other minority groups in the 
fight to obtain their constitutional rights. In the 
case of the black minority, we have seen how spe- 
cial legislation has been required to insure blacks 
the rights guaranteed them under the constitution. 


PL 94-142 may be viewed as a similar piece of 
legislation for the handicapped. It can be traced to 
two important legal cases: the Pennsylvania As- 
sociation for Retarded Children (PARC) vs the 
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Commonwealth of Pennsylvania, and Mills vs the 
Board of Education of the District of Columbia. 
The PARC decision established that all retarded 
children have a right to a free public education and 
the Mills decision included all handicapped chil- 
dren and ruled that if sufficient funds are not 
available to finance all of the services and programs 
that are needed and desirable for the handicapped, 
then the available funds must be expended equita- 
bly and thus some services must be denied to all 
children if they are denied the handicapped; that is, 
it is forbidden to discriminate against the handi- 
capped as a group by denying them services on the 
basis of their handicap. 


It would appear that rather than have education- 
al programming determined by the courts, a num- 
ber of states passed laws incorporating provisions of 


both FARC and Mills that in effect became the 
forerunners of PL 94-142. 


A major question remains as to how PL 94-142 
will succeed. Will education programming provide 
the laudable goals of the law or will we see com- 
promises and evasions as states and local education 
agencies attempt to stay in compliance in order to 
be eligible for federal support; but without the 
necessary tools, personnel, and resources to comply 
with the intent of the law? Will parents make full 
use of their new due process guarantees and become 
active participants in educational programming for 
their cnildren? 

Future educational programming fer the hear- 
ing-impaired in the United States promises to be a 
very interesting affair. If we can meet the challenge 
offered by the legislators, it will undoubtedly be of 
great benefit to the hearing-impaired. 
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The goel of educational programming for the 
hearing impaired is that habilitation shall start as 
early as possib.e but not later than an age of one 
year. In order zo accomplish this goal, the medical 
diagnosis of hearing impairment must be made ear- 
ly. In this way, educational programming can be 
structured in d fferent steps. 


The identification of hearing-impaired infants is 
based on the observations of the parents, the pedia- 
tricians at the maternity hospital and the well baby 
clinics, the otəlogists, and the audiologists. The 
final diagnosis will be made at the university or 
regional audiology centers where a team consisting 
of otologist, audiologist, social worker, psychologist 
and preschool teacher for hearing-impaired or deaf 
children will evaluate the child. 


Every woman who leaves the maternity hospital 
with a child gets a brochure giving the parents in- 
formation abort the normal development of hear- 
ing and speech behavior. In this way we alert the 
parents to observe the child’s hearing. 


Screening of neonates is not performed in Swed- 
en, Instead we focus on high-risk babies. The main 
source of referrals to the university or regional 
audiology centers is the pediatrician at a maternity 
hospital. He checks the child’s history. [f any of the 
factors displaved in Table 1 are applicable, the 
child is referred to such a center. The mother is 
called to schecuie an appointment for the child 
when he or she s about four months old. Among the 
different causes ot hearing impairment heredity and 
viral infection -o> the list as seen in Table 1. The 
other factors ar2 less important. The dominant type 
of heredity is of course the only one which the 
maternity hospcial can discover. Sporadic deafness 
of a recessive type might be discovered by our sec- 
ond source of -eferrals, the well baby clinics. In 
Göteborg with a half million inhabitants we have 
63 well baby elinics. Ninety-four percent of the 
children up to six years of age are regularly con- 
trolled there. A nurse from a well baby clinic pays 
the first visit te the home when the child is about 
one month old. At this occasion the brochure about 
the ear and heaving is discussed as well as the family 
history of hearing impairment. Between seven and 
nine months of age, the child’s selective attention to 


sounds is tested by the pediatrician or the nurse 
with a high-pitched jingle bell at about 40 dB SPL 
measured at a distance of 20 cm, ie, 8 inches. The 
investigation begins by getting eye contact with the 
baby. A red gripper or a red pencil is held in front of 
the child. While he is looking at it, reaching for it, 
or putting it in his mouth, the bell is rung behind 
the child’s head. If he hears the sound he stops 
whatever activity he is engaged in and perhaps 
looks up. At about seven months of age, the normal 
child can break the visual contact and look for the 
sound source. The attention test is not only a test for 
hearing but also says something about the child's 
general and mental development. If the child does 
not respond to the sound or does not localize the 
sound source, the history related to speech and 
hearing is simultaneously analyzed and the child 
will be referred to the university or regional 
audiology center for further diagnostic work. 


The otologist at the county hospitals or in private 
practice, as well as the parents, can also refer 
children suspected of hearing impairment, indepen- 
dent of age, to the audiology center. 


When the mother with the four-month-old child 
comes for investigation, the procedure at the audi- 
ology center is as follows. The otologist starts with 
the history and asks for the parent’s opinion about 
the child’s hearing and reaction to sounds and to 
voices. It is important to know how the child uses 
his voice. If there is suspicion of hearing loss, we try 
to get an etiological diagnosis if possible. We take 
blood tests for rubella, toxoplasmosis, and megalo- 
cyte virus. X-ray of the cochlea is first done at an 
age of four. After otoscopy and a general observa- 
tion of the child’s communicative development, the 
audiologist makes a more comprehensive audiologi- 
cal evaluation. A pure tone audiogram including 
air-conducted and bone-conducted signals is ob- 
tained by a respiration audiometry technique’ or 
with observation audiometry. Later in life between 
the ages of one and three years, visual reinforce- 
ment audiometry is used.? During these investiga- 
tions the children are tested with warble tones, 
either via a loudspeaker, insert earphones or bone 
vibrator. Next, the discomfort threshold is deter- 
mined. This is done by observing the blink reflex 
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TABLE 1. HIGH RISK CRITERIA USED BY THE 
MATERNITY HOSPITAL 


Priority Criteria 
l. Family history of hearing impairment 
2. Rubella or some other viral disease during the first half of 
pregnancy 
3. Multiple malformations particularly of the face and ears 
4. Immaturity (birth weight less than 2,500 gm) 


5. Serum bilirubin more than 20 mg% for newborns, not diag- 
nosed as immaturity 


6. Serum bilirubin more than 15 mg% for newborns with the 
diagnosis of immaturity 


7. Anoxia or neurological symptoms of cerebral origin for more 
than 24 hours 


8. Congenital infections 
9. Diabetes mellitus in the mother 
10. Hypoglycemia 


threshold, which is about 5-10 dB below the dis- 
comfort threshold. Whisper and spoken veice tests 
are always employed, and sound localization ability 
is also checked. The stimuli are presented through 
the loudspeakers or the earphones, depending on 
the age of the child. With these techniques, it is 
possible to get a reliable audiogram at as early an 
age as four months. 


Another promising technique which seems to be 
gaining importance is brainstem audiometry. In our 
center we have only limited experience with this 
procedure in this age range. 


As soon as the degree of deafness is determined, 
and preferably before one year of age, we initiate 
the next procedure, which is to fit and evaluate the 
child’s performance with a hearing aid. This proce- 
dure is based on the results of aided and unaided 
tone audiometry with determination of the discom- 
fort threshold.’ 


Otological and audiological follow-up of the 
hearing-impaired children is performed twice a 
year during all preschool grades. Impedance 
audiometry is often employed when serous otitis is 
suspected. The hearing aids are checked by examin- 
ing the relationship between acoustic gain and 
aided and unaided tone thresholds.‘ Earmolds are 
changed at least once a year. 


The next step for the parents, after the degree of 
deafness is determined, is to talk to the social 
worker about some welfare benefits which they 
may be entitled to depending on their child's hear- 
ing loss and handicap. A hearing loss of mare than 
55 dB HL re ISO entitles the family to a subsidy of 
$4,000 a year until the child reaches 18 years of age. 


The educational training part of the habilitation 
program known as home guidance starts immedi- 
ately after the clinical investigation is finished. A 
preschool teacher for hearing-impaired children 
visits the child one or more times a week for the 
dual purpose of stimulating the child’s speech and 
language development and counseling the parents. 
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Fig. 1. Unaided (bottom curve in A,B,C) and aided Ron 
eurye) tone thresholds in right ear in three types of deaf 
ehiidren. (From Lidén and Kankkunen.‘ Reprinted with 
permission) 
The home guidance service tries to make natural 
and efficient communicators of the parents. It is 
alsc belpful in eliminating emotional disturbances 
and psychological crises in the parents during the 
early years after diagnosis. According to our ex- 
perience, it is also very rewarding to ask a psycholo- 
gist outside the center for help with crisis therapy. 


At such an early age as one year, prediction of the 
child's ability to acquire language and develop 
speech is difficult with the commonly used psy- 
chological methods. Aided tone audiometry tells 
how hearing residuals can be utilized with amplifi- 
cation. There seems to be a rather gocd correlation 
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between the ability to utilize amplification and 
language development during the first three years 
of life.* Figure l shows aided tone audiograms in 
three deaf children (A,B,C) with similar unaided 
tone audiograms. In A the aided audiogram shows 
that amplification can be utilized better than the 
unaided audiogram predicts. The child also started 
to use his voice early and speech improved gradual- 
ly. Type C showed no amplifiable hearing resicu- 
als. The speech and language development was ex- 
tremely slow. Tomography of the inner ear in this 
case and many others with type C aided audiogram 
revealed malformed cochleas. 


The task of making educational decisions has be- 
come more complex in recent vears as controversies 
have arisen concerning both method of teaching 
severely hearing-impaired children (auditory-oral 
versus total communication) and the nature of the 
educational environments in which they may best 
learn (mainstreaming within regular schools versus 
special educatienal schools for the hearing-im- 
paired children). Furthermore the parents of the 
hearing-impaired child are increasingly influenced 
by the growing strength of parents’ association of 
hearing-impaired children. 


Ten years ago the majority of the profoundly 
hearing-impaired children having an audiogram 
type A were tramed only with auditory-oral meth- 
ods. However, today a strong wind is blowing for 
using total communication from the early start even 
in this group of children. Preschool teachers are 
especially educated in total communication. The 
parents are also advised to participate in manual 
sign courses. 


At an age of about four, hearing-impaired chil- 
dren are integrated in special preschools for nor- 
mal-hearing children. These preschools have a re- 
duced number of normal-hearing children and are 
especially equipped. Each group consists of 4 hear- 
ing-impaired and 12 normal-hearing children. A 
preschool teacher for hearing-impaired or deaf chil- 
dren belongs to the staff. There are also some units 
available for multihandicapped and for psychologi- 
cally disturbed children who cannot be integrated 
among the normal-hearing children. 


At an age of seven, formal schooling within 
Sweden's comprehensive school system is begun. 
Decisions pertaining to the educational placement 
of hearing-impaired children are made during the 
year preceeding school entry by a group of people 
representing residential schools for the deaf, hard- 
of-hearing classes, preschool teachers, a psycholo- 
gist and an audiology center. The decisions are 
based on the communicative, psychosocial and cog- 
nitive- perceptual behavior of the child. Depending 
on these factors, the child is placed in special 
schools for the deaf, in classes for hard-of-hearing 
children, or in classes for normal-hearing. 


The comprehensive school system of Sweden re- 
quires nine years of education. At the special 
schools for the deaf, the children get one more year. 
Gifted hard-of-hearing or deaf children can contin- 
ue their education in secondary school (gymnasi- 
um). However, very few profoundly hearing-hand- 
icapped take university degrees. 


Later in life hearing-impaired persons can join 
rehabilitation courses for adults and/or courses for 
continuing education for hearing-impaired adults. 
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In Poland, a country with 35 million inhabitants, 
there are over 600,000 persons with bilateral im- 
pairment of the hearing necessitating hearing aids 
and training in speech or in substitute systems of 
communication. It has been assumed that in the age 
group 0-19 years (preproductive) there are 50,000 
deaf; in the age group 20-49 years there are 
122,000; in the age group 50-64 (productive) there 
are 95,000, and in the age group over 60 (postpro- 
ductive) there are 342,000, so that these people 
form almost 1.8% of the whole population of Po- 
land (Table 1). This percentage coincides with the 
data from other European countries. Frem the 
social, economic and medical points of view the 
preproductive and productive age groups require 
an intensive campaign for the treatment of deafness 
as well as hearing and speech rehabilitation. 


Among the chief institutions caring for the deaf 
in Poland (Table 2) are the Ministry of Heaith and 
Social Welfare, the Ministry of Education.‘? and 
the Polish Association of the Deaf through its vari- 
ous centers, with the collaboration of the Ceopera- 
tive Society of the Disabled and social organizations 
such as the Association for the Campaign against 
Disability, the Society of Friends of Children, and 
the Polish Mental Health Association. 


The diagnosis and treatment of deafness are car- 
ried on in a system of out-patient and hospitalized 
medical care under the auspices of the Ministry of 
Health and Social Welfare. Children with defective 
hearing, deafness, or disturbances in communica- 
tion are sent to a health service consulting unit, 
where an otolaryngologist makes the first diagnosis 
by simple diagnostic methods. Some of those with 
impaired hearing or deafness are then sent to the 
consulting unit for rehabilitation of hearing and 


TABLE 1, DATA ON THE DEAF REQUIRING HEARING 
AIDS, SPEECH TRAINING OR SUBSTITUTE 
COMMUNICATION SYSTEMS 


Age No. Employment 

0-19 50,000 Preproductive 
20-49 122,000 Productixe 
50-64 95,000 Productive 

> 65 342,000 Postproductive 


speech and some (the majority) to the Otorhinolar- 
yngalogical (ORL) Departments of the Academies 
of Medicine or to the well-equipped Otolaryngo- 
logical Departments of the District Hospitals. 


In these departments a careful differential 
diagnosis of deafness and disturbances in speech is 
made by methods based on apparatus for tonal au- 
diometry, speech audiometry, electric response au- 
diometry (ERA), and impedance auciometry, in 
collaberation with a pediatrician, a neurologist, a 
radiologist, a psychologist and a psychiatrist. Small 
children present a special problem, since the assess- 
ment cz hearing by conventional audiolegical meth- 
ods, especially those which are based om behavioral 
reactions, meets with considerable difficulty or is 
even impossible. It should be emphasized that in 
these cases, in which speech disturbances may be 
provoked by deafness or some disorder ef the motor 
aphasia type, mental deficiency or a disturbance of 
mixed type, ERA finds a practical application. 


In aceordance with the generally accepted inter- 
national terminology we distinguish three levels of 
impaired hearing, and the appropriate therapeutic 
and rehabilitation procedure. 


Children with lesions caused by congenital de- 
fects of the external and middle ear, inflammations 
and posttraumatic lesions are admitted to hospital 
wards for treatment — mainly surgery. 


Children with lesions caused by malformation 
and damage to the inner ear, auditory pathways 


TABLE 2. INSTITUTIONS CARING FOR THE DEAF 








Ministry of Polish 
Health and Association Ministry of 
Social “W/eifare of the Dea Education 
National Health Consulting Units Special Kinder- 
Service CAL Con- for Rehabilitation arten 
sulting Units of Hearing and Seca Primary 
Speech School 
Academies of Compensatory Primary Voca- 
Medicine Courses for Sec- ticnal School for 
ORL Depart- ondary School the Deaf 
ments 


Rehalsilitation 
Center 
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Training Pro- 
ductive Centers 


Secondary or 
Technical School 
for the Deaf 
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and centers leading to impaired hearing, distur- 
bances in speech and communication with those 
surrounding them are sent to consulting units for 
hearing and speech rehabilitation. 


Children wich lesions caused by the changes men- 
tioned tc suck a degree that they are unable to 
develop, to understand speech, or to communicate 
in any way wich those around them, and who often 
have complicacions in the form of lesions of the cen- 
tral nervous system, are sent to special schools for 
tuition.? Organizational changes in diagnosis and 
therapy are net anticipated in the near future. but 
we shall endeavor to modernize diagnostic and 
therapeutic methods and apply them widely. 





The rehabilitation of deaf children is organized 
and supervised by the Polish Association of the 
Deaf. This is an organization of those incapacitated 
by deafness, ar “association for higher service” aimed 
at ensuring help and care for the deaf in all vital 
matters. The statutes of the association* lay cown 
the obligations of rehabilitating the deaf in all fields 
of physical and mental work accessible to them and 
of helping them to raise their general standard of 
education and occupational qualifications. In order 
to fulfill these aims the association organizes and 
carries on consulting units for hearing and speech 
rehabilitation for all those with defective hearing in 
Poland, as well as organizing and superinter.ding 
training and productive centers. 


The consulting unit for hearing and speech 
rehabilitation is at present a diagnostic-rehabilita- 
tion center for children. Its work is based on the 
cooperation o an otolaryngologist with audiclogi- 
cal training, a psychologist, and a logopedist, with 
the active cocperation of the child. In children of 
preschool or school age sent to the consulting unit 
the following are done: 


1. Hearing. logopedic, and psychological tests 
are made. 


2. Developmental rehabilitation of hearing and 
speech is carried out with the use of hearing aids 
when there are vestiges of hearing, as well as tuition 
in speeck and zommuniction by lip-reading, the lin- 
gual-sigr system, and oral speech with the finger 
alphabet (sign language). Cooperation with the 
kindergartens and schools for the deaf is main- 
tained, as well as with the parents. 


3. The degree of disability in hearing and speech 
is assessec, and children of school age are qualified 
for tuition in a) schools with the normal hearing, b) 
with the hard of hearing, c) for the deaf, and d) for 
the deaf with additional defects in the locomotor 
system, sight, or the central nervous system. 


At present there are 14 consulting units for reha- 
bilitation of hearing and speech in Poland,* but on- 
ly some children benefit by them — mainly those in 
urban districts. In future, in accordance with the 


new administrative division of Poland into 49 pro- 
vinces, it is anticipated that 49 consulting units will 
be organized. Of these, ten will fulfill a superior 
regional role with a wider sphere of work in diag- 
nostics, rehabilitation, consultation, and training. 
They will be situated in towns where there are 
medical schools and will work in close collaboration 
with the ORL departments of these. In future these 
49 consulting units will care not only for all deaf 
children but also for all those with defective hearing 
in their districts. 


The duties of providing education and help for 
children with developmental defects and distur- 
bances, including deaf children, are undertaken by 
the Ministry of Education which prepares programs 
for tuition in kindergartens and special schools as 
well as for vocational training. Deaf children, after 
a period of hearing and speech rehabilitation in ear- 
ly childhood, either go to special kindergartens or 
remain under the care of the rehabilitation unit un- 
til they are of school age. 


The next stage in the education of the deaf child 
takes place in a special primary school for a period 
of seven to nine years, with a syllabus approx- 
imating that obligatory in normal schools. After the 
primary school the pupil may receive occupational 
training and general education in a primary voca- 
tional school for the deaf, and has a choice of 50 oc- 
cupations and 17 schools in Poland. The program of 
instruction lasts from three to four years. The most 
talented have opportunities of receiving secondary 
education after a compensatory course and after 
passing the entrance examination to a technical 
school. Instruction is given by teachers and tutors in 
collaboration with psychologists, sociologists, and 
logopedists, under the care of an ear, nose and 
throat specialist. 


We hope that in the future the results of the re- 
searches now being carried out by our team within 
the framework of the five-year program accepted 
and financed by the United States Department of 
Health, Education and Welfare® will influence the 
efficacy of rehabilitation of those with hearing 
disabilities in Poland. 


The studies have as their subject the following 
aspects of rehabilitation in the deaf young: 


1. evaluation of the pathophysiological state of 
the organ of hearing and equilibrium in the deaf 
young qualified for complex rehabilitation, medical 
team supervised by an otolaryngologist; 


2. the effectiveness of occupational rehabilita- 
tion of the deaf young, supervised by an industrial 
psychologist; 


3. the effectiveness of the process of rehabilita- 
tion of speech and hearing, supervised by a teacher 
of the Polish language; 
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4. the interests of the deaf young as a factor in 
general rehabilitation, supervised by a surdopsy- 
chologist; and 


5. factors favoring the release of the activity of 
the deaf pupil in the process of learning, supervised 
by a teacher of mathematics. 


A total of about 250 pupils of both sexes wall have 
been studied during the fulfilment of the five-year 
research program. These pupils will be taught in 
three selected vocational schools: 


l. institution for the training of the disabled: 
primary textile technical school; 


2. special teaching and training center; primary 
technical school: 


3. teaching and training center for the deaf: 
primary technical school. 


The deaf young rehabilitated in these institutions 
are trained as weavers, knitters, locksmiths, 
leather-workers, and cabinet-makers or joiners. 


We believe that more detailed information on 
those eccupations which are most suitable for the 
deaf and more precise definitions of the factors 
deciding the efficacy of rehabilitation are essential, 
not on.y from the cognitive aspect, but also as a 
contribution to the better organization of tuition 
and training of the deaf both in Poland and in other 
countries. 
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PANEL — EDUCATIONAL PROGRAMMING FOR THE HEARING-IMPAIRED: 
PRESENT AND FUTURE 


DENMARK 


HAROLD W. EWERTSEN, MD 


COPENHAGEN, DENMARK 


In 1950 a lew was passed by the Danish parlia- 
ment entitled Measures for Deaf and Hard of Hear- 
ing Persons in Denmark. This law permitted every 
Danish citizen with a hearing impairment to have 
an examination, hearing aids, training and educa- 
tion free of charge, regardless of the handicapped 
person’s age, income or property. It was estimated 
that around 1C,000 persons in Denmark would need 
audiological treatment, but it soon became ap- 
parent that there were many more. Today we know 
that 2 1/2% of the population need hearing aids, ie, 
150,000 persons. 


On the map o: little Denmark (population 5 mil- 
lion), the circles indicate the three state hearing 
centers established later on in 1951 (Fig. 1). The 
triangles indicate audiology clinics established in 
collaboration with the ENT clinics of the county 
hospitals. In Denmark we feel that audiology is 
teamwork, and we have no independently opera- 
ting audiologists. 


In Figure 2 is a partial view of the Copenhagen 
center which has a staff of 48 persons, consisting of 
five qualified ENT specialists, one medical doctor 
under training, four speech and hearing peda- 
gogues, one engineer, five electrotechnicians, nine 
audiology assistants, six earmold technicians, secre- 
taries and clerxs. The center has around 24,000 con- 
sultations per year, 4,400 involving children. 


More than £0 % of all deliveries in Denmark take 
place in public hospitals. If there is any suspicion of 
inherited disorders, rhesus incompatibility, diseases 
during pregnancy, shortage of oxygen, etc, the 
child is registered in the “risk-group” and is fol- 
lowed mcre ciosely than other children. All babies 
are seen by health nurses who visit the homes at 
least five times in the first year. If the parents 
suspect abnormal hearing, the health nurse admin- 
isters aureopa.pebral reflex and performs the Swed- 
ish BOEL test, which is a kind of EWING test to 
measure the audiovisual reflexes. At five months of 
age, all childrer have to see the family doctor, and 
if he, the health nurse, or the parents suspect hear- 
ing loss, the child is referred to one of the 15 audi- 
ology clinics or to the special Children’s Clinic in 
Copenhagen for examination. 
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From tha State Hearing Centre, Copenhagen, Denmark. 
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Despite all these precautions, the children aver- 
age about two years of age before their hearing 
handicap is discovered. However, the prophylactic 
work has reduced the number of hearing-handi- 
capped children considerably. If the disorder can- 
not be corrected otologically, the child is supplied 
with hearing aids on both ears. The child and the 
parents are then trained by the special Children’s 
Clinic under the direction of a psychologist. The 
parents have the opportunity to discuss all aspects of 
their child’s development and future. A training 
program is set up, and the child is followed once a 
week in the beginning, and later on once a month, 
either through visits to the clinic or visits by travel- 
ling teachers, who currently adjust the training pro- 
gram. The key for this program is: total communi- 
cation by means of hearing aids, lipreading, ges- 
tures, and sometimes sign language. There are 
hours of music by means of drums, organs, and 
other vibrating instruments in order to teach the 
rhythm of the language to the children. The parents 
are trained in the Wedenberg method, which 
means loud talk directly into one of the child’s ears. 
The hearing aid has been removed from this ear 
while the other remains. This method gives a very 
good contact between child and parent, and the 
teachers find that it also gives a better articulation 
than any other method. 


When the child is three years old, he or she is in- 
tegrated in a kindergarten with normal-hearing 
children, but still has three or five hours per week of 
language training by a speech and hearing thera- 
pist, who every day goes from kindergarten to 
kindergarten in the district where hearing- 
handicapped children are integrated. The hearing- 
handicapped child is seen by the ENT specialist 
every half year or every year in the audiology clinic. 
The hearing aids are monitored, and if necessary 
new earmolds are made. 


At the age of five years, a board of specialists 
discusses every child in the area, concerning lan- 
guage development, hearing loss, support from the 
parents; and then the board decides in which of 
three different kinds of school the child should be 
placed: 1) a normal class as the only child wearing a 
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Fig. 1. Map of Denmark Vella’ 5 million) with in- 
dication of the audiology clinics. ® Three state hearing 
clinics, established 1951. A Audiology clinics, established 
in collaboration with ear, nose and throat clinics of the 
county hospitals. 


hearing aid, 2) a special class with three to six hard- 
of-hearing schoolmates in a school for mormal 
children (Fig. 3), or 3) enrollment in a special 
school for handicapped children only. Table 1 sum- 
marizes enrollment figures for these three types of 
schools. 


The children with hearing aids who are inte- 
grated in ordinary classes get special hours of sup- 
port. For instance, the teacher of geography will 
spend one hour with the child and explain to him 
what is going to be taught and discussed in the class 
during the following week, so that the child is 
prepared to benefit from the education of his class. 
The following week the teacher will check to see 
that the hearing-handicapped child really has un- 
derstood the past week’s work. The children inte- 
grated in normal classes have to follow the program 
made for that level of ordinary school children. 


The special classes are placed in so-called “teach- 
ing centers,” of which we have 13 all over Den- 





Fig. 2. Part of the hearing center in Copenhagen. 
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Pig. 3. Arrangements for a special class in a teaching 
cente“ and for children integrated in a normal class (twin 
schow. principle), 


mark, so the child can be transported bv school bus 
from his home to the center every day. Only a few 
pupils -rom some islands stay in a foster home from 
Monday to Friday. The special classes are placed 
alongside normal classes for children ef the same 
age. The teaching centers have special teachers and 
facilities for medical examination, physiotherapy, 
and oczupational therapy. 


Special Schools for the Deaf. We have five such 
special schools for profoundly deaf children and for 
children with handicaps other than hearing impair- 
ment, Until now there has not been a comprehen- 
sive arnual evaluation required for the language 
development of these children; we think this fact 
has to be remedied in the near future. 


School is compulsory from 7 to 17 years, and dur- 
ing the last years the children have to consider 
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TABLE 1. EDUCATIONAL PROVISIONS FOR DANISH 
SCHOOL CHILDREN WITH HEARING AIDS IN 1977 


(N = 1,873) 


Integrated in sormal classes 1196 
Teachiag centers Boy 
Special schools 440 


which job they would choose after school; they are 
allowed to stay one week in various jobs to find this 
out. The children who are deaf or have a profound 
hearing loss are referred to a special college, where 
they can scay trom 17 to 19 years of age. The pur- 
pose of this ccllege is to make the children, who 
have been liviag in rather protected surroundings, 
fit for life in the outside world. They are trained in 
language. and they go to various factories, work 
shops, etc, for a longer period in close cooperation 
with vocational counsellors for the hearing-handi- 
capped. Ac the age of 19 the young people go out in- 
to daily life to start their own living. Some of them 
have the oppcttunity to get “protected work,” if 
they cannot get along on their own. 


In 1977 there were 800,000 school children in 
Denmark. Untortunately, it is not until the normal 
child is seven y2ars old that he has his hearing tested 
by screening audiometry. The tests are given at ages 
7, 10 and 13, or when the school doctor finds it 
necessary. In -he near future we are going to in- 
stitute a bearing testing program for kindergarten 
children. As sown in Table 2, 100,000 of the chil- 
dren were suffering from various handicaps; 75,000 
of these were integrated in a normal school; 10,000 
got their education in special schools; and 15,000 
were placed in special classes integrated in ordinary 
schools. Each school has a board of five to seven 
members chosen among parents of the school chil- 
dren. In schocls with special classes, the board is 
supplemerted with two parents of handicapped 
children. 


TABLE 2, EDUCATIONAL PROVISIONS FOR DANISH 
HANDICAPPED CHILDREN IN 1977 (N = 100,000) * 


Integrated in normal schools 75,000 
Special classes in normal schools 15,000 
In special schools 10,000 


*From a population of 800,000 schoolchildren. 


Special Teachers. We have around 500 speech 
and hearing therapists, who first were ordinary 
teachers in normal schools after completing five 
years in a teachers’ college. They must work for at 
least two years in ordinary schools before they are 
allowed to attend the Royal Danish High School for 
special teachers, where they are educated and 
trained for 1 1/2 years. These teachers are responsi- 
ble for the training and education of schoolchildren 
with speech defects or hearing handicaps, and 
moreover, they take care of adults who have devel- 
oped hearing problems later in life. The teachers 
pay great respect to the individual child. However, 
they do not find it possible to have an individual 
educational program for each child because so 
many factors influence this situation: intelligence, 
degree of hearing loss, friends, support from the 
parents, etc. 


In other words, the Danish community offers 
various educational programs and it is our task to- 
gether with the parents to fit the child into the 
proper program for his individual handicap. We 
are careful not to force the children into too rigid a 
program concerning formal capacities. We try to 
avoid frustrations and to work with and develop the 
child’s innate capacities. The main purpose is to 
make the children happy and harmonious human 
beings, who as adults will be able to find their ap- 
propriate place, and live with their handicap 
among other people. 


PATHOLOGY OF CONGENTTAL DEAFNESS 


PRESENT STA 





US AND FUTURE PRIORITIES 


LAVONNE BERGSTROM, MD, FACS 


LOS ANGELES, CALIFORNIA 


The pathology of congenital hearing loss is as varied as the etiologies. Severe external ear anomalies, such as microtia, and middle ear 
defects have a significant incidence of accompanying inner ear aplasias, more siten of the vestibular than of the cochlear end-organs. 
Classic inner ear aplasias are discussed, including Michel. Mondini, Alexanderanc Scheibe. A case illustrating close resemblance between a 
genetically induced Scheibe malformation and rubella inner ear deformities is presented. A variety of ear disorders acquired during in- 
trauterine or neonatal life, including cytomegalic inclusion disease, hypoxia, errthroblastosis fetalis and later-onset genetic disorders are 
also discussed. Illustrative case histories are presented as well as priorities for future investigations into the pathology of congenital and 


genetic hearing loss. 


The pathology of congenital deafness has some 
unique aspects, but also reflects the diversity of the 
many etiologies of hearing loss in genera. Con- 
genital ear pathology may be genetic, as in heredi- 
tary disorders and chromosomal defects, ør may 
result from a defect in embryogenesis which may be 
sporadic or of nonhereditary and often unknown 
etiology, although it may form part of a syndrome. 
Defects in embryogenesis may also resuk from 
teratogens or acquired injuries to the intrauterine 
environment. Acquired sensorineural hearing loss 
in early infancy may be difficult or impossible to 
distinguish from that which is truly congenital if 
etiology cannot be ascertained, since the functional 
difficulty will be similar. 


CONGENITAL CONDUCTIVE HEARING LOSS 


Congenital defects of any compartment ofthe ear 
may cause significant hearing loss. Those involving 
external ear and canal usually cause partial aearing 
loss, but anomalies and profound sensorineural im- 
pairment of the same or the opposite ear may occur 
in 12 to 47% of aural atresia cases.” In another 
series polytomography of 63 ears showed that 9 had 
isolated external canal atresia, 4 had isolated mid- 
dle ear anomalies, 34 combined external canal and 
middle ear anomalies; 2 had anomalous external 
and inner ear structures and 5 had deformities of all 
three compartments. The remaining nine microtic 
ears were either otherwise normal or may have had 
defects not detectable by radiography.* The:middle 
ear abnormality found most frequently in most ser- 
ies of aural atresia cases is fused, deformed malleus 
and incus.** Absence of the stapes (19 of &7 ears) 
and of all ossicles (11 of 57 ears) was fairly 
common.’ Aplasia of the middle ear was present in 
12 of 89 ears and was the fourth most comraon de- 
fect found.’ A variety of other middle ear detects in- 
volving ossicles, nerves, muscles, windows and 
vascular structures have been described and tab- 
ulated by Gill,’ Hough,® and Sando and Wood.’ 
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Atresia confined to the osseous portion of the exter- 
nal camal occurs in ring defects and long-arm-dele- 
tion defects of chromosome 18, and middle ear 
struetures appear normal by polytomegraphy. As 
yet there is no surgical or autopsy report to com- 
plete our knowledge of this entity." 


Congenital conductive hearing loss is also associ- 
ated with other external ear anomalies and a variety 
of syndromes. In some instances the inner ear is also 
congenitally abnormal. It is interesting that the 
vestibular portion of the labyrinth appears to be 
more frequently involved than the cochlea in these 
instances. Because they are probab'y underre- 
ported, the incidence of either congenitally fixed 
stapes or fixed malleus is not known, but they are 
probably more common than the more severe mid- 
dle ear aplasias seen in individuals with auricular or 
cranta! defects. Ritter’! has described. findings in 
three cases of bony malleus fixation. Two had fairly 
mild hearing losses with fixation to the epitympanic 
walls along the axis of rotation of the malleus and 
incus. The epitympanum in each case was some- 
what peerly pneumatized. In the third case the 
hearing loss was more severe, with beny fixation 
laterally, perpendicular to the axis of the ossicular 
cog. 5cmé exemplary case histories follow. 

Case #. A male infant was the product of a complicated preg- 
nancy. & diagnosis of Apert’s acrocephalosyndactyly was made 
shortly after birth. Audiometry several years later showed 
bilateral conductive hearing loss which was felt te be congenital, 
since tyr:panic membranes were normal. At agenine he under- 
went exrloratory left tympanotomy. A thick, fimed stapes foot- 
plate wae removed with good hearing result. There was no rush of 


perilymph, 

In a previously reported case, a severe perilymph 
leak occurred." A subsequent tempora! bone study 
showed congenital stapes footplate fixation by 
underdifferentiated cartilage in an area of in- 
complete annular ligament development.’? Other 
areas cf the primary endochondral capsule were 
also abnormal, suggesting disturbed maturation or 
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Fig. 1. Deformed stapes in Pierre Robin patient. Note 
the owang inthe oval window. Arrow points to an exos- 
tosis on the footplate (x25). (From Bergstrom et al.'* Re- 
printed with permission.) 


resorption. The bony facial canal was widely dehis- 
cent at the pyramidal turn. The endolymphatic sac 
was large, surrounded by thickened fibrous tissue, 
but the cochlear aqueduct was normal. Saccular 
otoconia and heir cells were partly absent, but 
other vestibular end-organs were normal. The 
cochlea had beer artifactually damaged and could 
not be completely evaluated, but normally 
developed sensorineural elements could be iden- 


tified. 


Case 2. A male neonate died of respiratory complications of 
glossoptosis and micrognathia (Pierre Robin syndrome), and of 
multiple severe cardiac defects. Study of both temporal bones 
showed narrow epitympanum with crowding of enlarged malleus 
and incus. The oval windows were narrow and the stapes super- 
structure abnormally large. In one ear the footplate contained a 
large exostosis, and a tiny persistent stapedial artery was present 
(Fig. 1). Vestibular structures and the contents of the internal 
auditory canal were normal, but unfortunately neither cochlea 
had been included in the specimens.'* 


Another study showed thickened stapes crura and 
footplate, minor architectural abnormalities of ves- 
tibular organs and unilateral cochlear scala com- 
munis and underdeveloped modiolus. The internal 
auditory canal was small and the facial canal lacked 
bony covering over a large area." 

Case 3. A male neonate succumbed from respiratory obstruc- 
tion due to micrognethia and glossoptosis associated with man- 
dibulofacial dysostosis of Treacher Collins. He also had bilateral 
microtia and atresia. Both ears were studied and the findings re- 


ported by Sando et al '° A bony mass extending from the promon- 
tory to the lateral osseous wall of the ear divided the mesetym- 


panum into two compartments. There was neither malleus nor 
incus. The stapes was monopod in one ear and the footplate fixed 
(Fig. 2A). In the opposite ear the oval window was filled with 
connective tissue surrounding a bony structure that might have 
been a hypoplastic footplate. A bony bar extended to the oval 
window from its attachment to the lateral wall of the tympanum. 
The facial nerve exited directly from the geniculate ganglion area 
through the temporal squama to a subcutaneous position (Fig. 
2B). The left lateral semicircular canal was hypoplastic. The 
cochlea was normal (Fig. 2C). 

Other reports have described less severe but gen- 
erally similar findings at surgery or autopsy. Atresia 
or narrowing of the ear canal occurs; all the ossicles 
may be present but deformed; the base of the skull 
may be grossly abnormal allowing middle cranial 
fossa contents to be inferiorly displaced: attic and 
antrum may be missing; the bulge of the horizontal 
semicircular canal may be absent or malpositioned. 
Facial nerve anomalies are frequent. Severe lethal 
visceral defects may be present.'7:'® 


Case 4. A male neonate had aural atresia, palatal, ocular, fa- 
cial, vertebral, cardiac and renal anomalies and died of complica- 
tions resulting from the visceral anomalies. The right temporal 
bone was studied. The middle ear contained exudate, effusion 
and debris. The malleus and incus were oriented along an axis 
parallel to the cochlear modiolus (Fig. 3A). Only vestigial stapes 
superstructure was found, and the oval window was slit-like, con- 
taining a rudimentary footplate with a small area resembling an- 
nular ligament (Fig. 3B). There was bone dust and a great deal of 
artifact in the inner ear, but there was a mild Mondini aplasia of 
the cochlea (Fig. 3C). 


The patient’s clinical findings were compatible 
with Goldenhar’s syndrome.'® Others have reported 
aural atresia, ossicular abnormalities and abnormal 
semicircular canals and vestibule.?°?! These cases 
suggest a continuum of severity of involvement of 
the middle ear as craniofacial structures are more 
severely dysmorphic. There is a rather low inci- 
dence of mild cochlear anomalies but a surprising 
incidence of vestibular anomalies, especially of the 
horizontal semicircular canal. 


Case 5. A female neonate was born having muliple cranial, rib, 
and extremity fractures and died of respiratory complications. 
The diagnosis was osteogenesis imperfecta, congenita form. The 
temporal bone showed the characteristic osteopenia and osteopor- 
osis. The middle ear, neural, and labyrinthine spaces were nor- 
mally formed. The posterior crus of the right stapes was fractured 
with signs of tissue growth around the ends of the fragments, sug- 
gesting that the fracture had been present for some time, possibly 
since the prenatal period (Fig. 4).'* 


Others have reported similar findings,?*-?? while 
at surgery still others have found soft, bulky 
footplates in some instances combined with atten- 
uated stapes crura, sometines with only a fibrous at- 
tachment to the footplate.**°?! This case demon- 
strates that the temporal bone may be caught up in 
systemic chondral or osseous dysplasias which may 
cause ossicular, labyrinthine, and neural problems. 
Other examples are achondroplasia, osteopetrosis, 
dyschondrosteosis, craniometaphyseal dysplasia 
and diastrophic dwarfism.*?-*° 


CONGENITAL SENSORINEURAL HEARING LOSS 


The findings in three classic inner ear aplasias, 
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Fig. 2. Temporal bone findings in mandibulofacial dys- 
» ostəsis. A) Monopod stapes (S) is only ossicle in middle ear. 
An atresia plate (AP) is present. B) Facial nerve (arrow) ex- 
itimg directly through lateral surface of temporal bone 
without making a geniculate turn. C) Hypoplastic left 
horizontal aa a lak canal (arrow). Cochlea is normal. 
Frem Sando et al.'® Reprinted with permission.) 
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the Michel, the Mondini and the Scheibe eochleo- 
saccular aplasia, are fairly well established. The 
Michel aplasia is the rarest, estimated to occur in a 
frequency equal to or less than 1 in every _00 pro- 
foundly congenitally deaf individuals. 


Case 6. A three-year-old female showed no response to sound 
on any audiometric test subsequent to hearing loss first being con- 
firmed at age two. Family and prenatal history were negative, 
and except for mild esotropia, physical examination was normal. 
Temporal bone polytomography showed bilateral complete 
absence of labyrinthine spaces, but the middle ear ap»eared en- 
tirely normal (Fig. 5). 


In Michel’s original description, the stapes and 
stapedial tendon were absent. The statcacoustic 
nerve is said to be absent.” In the case described 
above, the internal auditory canal appeared nor- 
mal, and the fallopian canal ran a norma. course. 
The eighth nerves probably were atrophie. Other 
cases detected radiographically have showr greatly 
reduced height of the petrous pyramid, or the pe- 
trous bone has contained simple cystic spaces which 
contain no primordial or differentiated imner ear 
structures, and the internal auditory canal is ab- 
sent.2°7°8 Thalidomide during the early prenatal 
period may produce aplasia of the inner ear, facial 
nerve, and varying degrees of external anc middle 
ear aplasia. In some instances the inner ear may be 
partly developed.*’-*' Near-total aplasia of the inner 


ear has been reported in the Klippel-Feil syn- 
drome.**-*? 


Classic Mondini or Mondini-Alexander aplasia 
involves the cochlea, but associated otic defects 
have been found in many cases studied subsequent- 
ly, and the definition of the aplasia has been 
broadened. The cochlea has fewer turns than usual; 
in some instances only the basal coil is developed. 
The modiolus is often hypoplastic, and interscalar 
septae between the middle and apical coils may be 
absent, forming a scala communis or cloaca. The 
organ or Corti may be underdeveloped or normally 
develeped, and hair cell and neural atrophy may be 
seen. The endolymphatic sac and duct may be di- 
lated or may end blindly, and hydrops may be seen. 
Varying degrees of hypodevelopment of the vestib- 
ular labyrinth have been reported. Associated ano- 
malies of oval and round window have been re- 
ported, mes 


Case 7. A 20-year-old male had been known to be deaf in his 
left ear since age three. He died of failure of his only kidney. 
Other eongenital defects included absence of part of the bladder 
and right testicle, pulmonic stenosis and ventricular septal defect. 
The right temporal bone was normal. The left endolymphatic sac 
and duct were hypoplastic, the sac ending blindly within the tem- 
poral bene. The cochlea had only two turns, a normal organ of 
Corti but profound neural and spiral ganglion atrophy. The 
cochlear modiolus contained fewer than average neurovascular 
foramimae which were surrounded by an increased amount of 
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bone (Fig. 6A). This feature is unusual for Mondini malforma- 
tion. More typical features are seen in Figure 6B. 


Cochleosaccular aplasia of Scheibe is probably 
the most commen entity causing severe to profound 
sensorineural hearing loss. It is an interesting type 
of pathology because it is seen in a variety of dis- 
eases, many of which are genetic in origin. How- 
ever, certain viral diseases, of which rubella is the 
prototype, produce a close phenocopy in the ear. In 
some inbred strains of laboratory animals, regres- 
sive changes lead:ng to cochleosaccular degenera- 
tion, thought to be of genetic origin, have been 
associated with endolymphatic hydrops of the coch- 
lear duct. In contrast, in known viral infections, 
Reissner’s membrane is usually in normal or some- 
what depressed position. However, late in the 
course of genetic cochleosaccular degeneration, 
Reissner’s membrane may collapse, making the dif- 
ferential diagnosis difficult where clinical informa- 
tion is incomplete.*' The pathologic changes are 
generally confimed to the cochlea and saccule. In 
the cochlea there is atrophy of the stria vascularis, 
degeneration of the organ of Corti, and retraction 
and rolling up of the tectorial membrane in the lim- 
bus or inner suleus. The tectorial membrane may be 
sheathed in flattened epithelial cells. The cochlear 
changes are most severe in the basal coil, lessening 
in intensity toward the apex. The saccular macula 
and otoconia are degenerated and the saccular wall 





Fig. 3. Temporal bone findings in Goldenhar’s syn- 
drome. A) Cochlear modiolus and malleus (M) and incus 
(I) running parallel (arrows) (x10). B) Hypoplastic oval 
window (O) and stapes footplate (arrow) (x20). C) Mon- 
dini’s cochlear malformation (x4.5). (From Bergstrom et 


y al.'? Reprinted with permission.) 


collapsed, except often the lumen is maintained just 
under the reinforced area of Perlman.* Other 
changes which may be seen are PAS-positive strial 
deposits seen in several syndromes, most notably in 
the cardioauditory syndrome of Jervell and Lange- 
Nielsen.** Neural and spiral ganglion atrophy, 
probably secondary to loss of hair cells and suppor- 
ting cells, may also be seen.*? 


Case 8. A neonate died from the sequelae of multiple anomalies 
of brain, palate, eye, lungs, thymus, and gastrointestinal tract. A 
karyotype had shown a partial deletion of the long arm of a D 
group chromosome. There was a maternal and paternal family 
history of several relatives, each of whom had one or more of the 
more minor anomalies he had. One family member had trisomy 
21. The mother also had hyperemesis gravidarum during the first 
five months of pregnancy, treated with dicyclomine hydrochlor- 
ide-doxylamine succinate. The temporal bone findings have been 
previously reported.'* There were minor middle ear anomalies 
that would not have affected hearing. Both inner ears showed 
cochleosaccular degeneration (Fig. 7A, B), and the left cochlear 
aqueduct was absent, being replaced by a parallel structure 
which communicated with the round window niche on the tym- 
panic side of the round window membrane. Reissner’s membrane 
was depressed onto the organ of Corti. 


Case 9. An infant died at five months of age of pulmonary 
edema. She had the full-blown congenital rubella syndrome, and 
the disease had been well documented by appropriate laboratory 
tests. She had had several audiometric tests, and her best response 
had been at 80 dB to white noise. The findings have previously 
been reported by Hemenway et al.** The left stapes was fetal in 
form and development, and a small area was fixed to the oval 
window by cartilage (Fig. 8A). The inner ear showed cystic 
dilatations in the stria vascularis, collapse of Reissner’s mem- 
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Fig. 4. Congenitally fractured right stapes in neonate 
who died of the complications of osteogenesis imperfecta 
(x40). (From Bergstrom et al.'* Reprinted: with 
permission. ) 


brane, eosinophilic precipitate in the scala tympani, and severe 
loss of first and second row hair cells concentrated at 8-15 mm 
from the basal end of the cochlea with less severe hair cell loss in 
other areas. In general the findings were those of cochleosaccular 
degeneration (Fig. 8B, C). 

These last two cases had differing etiologies, 
unusually well established. Both were ycung in- 
fants, so that the effects of secondary degeneration 
over time should have been minimized. Their mid- 
dle ear findings were dissimilar. Yet their inner ear 
pathologies were strikingly similar, although the 
one had a genetic disorder and the other was due to 
a viral infection. Viruses can modify the genetic in- 
formation contained within the cell. Many viruses 
are transmitted across the placental barrier. Some 
viruses, including rubella, rubeola, and herpes 
zoster, among those having the capability of affect- 
ing the inner ear, can remain dormant in the body 
for years and then seem to resurrect and cause fur- 
ther injury. These viruses have the capability to 
become slow viruses. The possibility might be con- 
sidered that viral etiology underlies what has 
heretofore been believed to be genetic cochleosac- 
cular aplasia, perhaps even in inbred, predisposed 
laboratory animals. 


Gussen** has recently advanced the interesting 








Fig. 5. gen ooh x-ray of Michel aplasia of the 


inner ear. A normal ossicle (O) is seen in the middle ear, 
but solid bone (arrow) fills the area where the inner ear 
failed to develop. (From Black FO, Bergstrom L, Downs 
M, Hemenway WG. Congenital deafness. Boulder: Color- 
ado Associated University Press, 1971. Reprinted with per- 
mission.) 


theory that the primary injury in cochleosaccular 
degeneration might result from detached otoconia 
floating from the saccule through the ductus reu- 
niens to the stria vascularis of the cochlea, thus im- 
pairing its function. 


Case 10. A 67-year-old female died of renal failure, pneumonia 
and pu monary embolus. She had never developed speech and 
probably had been deaf since birth. The inner ears showed 
cochleosaccular degeneration bilaterally as well as nerve and 
spiral ganglion atrophy (Fig. 9A). In the basal coil of the right 
cochlea there were clumps of dark purple, doubly refractile 
crystalloid bodies enmeshed in fibrous tissue extending from the 
stria vascularis to Reissner’s membrane (Fig. 9B). Reissner’s mem- 
brane was in fairly normal position throughout both cochleas, 
and the stria vascularis was atrophic and in some areas cystic. 

The pathology in this case resembles that shown 
by Gassen.** Congenital hearing losses may result 
from prenatal and perinatal acquired problems. It 
is possible that maternal virus infections other than 
rubela may damage or interfere with the develop- 
ment of the ear. One of the best established of these 
is cytomegalovirus, which may cause neurologic 
deficits, microcephaly, hydrocephaly, ocular find- 
ings, and signs of ongoing infection up to many 
montas postnatally. The author has examined three 
infants having well-documented cytomegalovirus 
and deafness. The pathology as it affects the ear has 
been studied both by light and electron microscopy. 
Cytomegalic inclusion bodies have been seen in the 
endolymphatic spaces along the stria vascularis and 
neuroepithelial and epithelial membranes (Fig. 10). 
There were usually destructive changes in the end- 
organs and in some instances eosinophilic precipi- 
tates. Inflammatory exudate surrounded nerves. 
The ehanges do not resemble those in congenital 
rubella.°**’ By transmission electron microscopy, 
viral particles could be seen in epithelial cells of 
semicircular canal cristae.’’ Erythroblastosis fetalis 
due to Rh incompatibility between an Rh-negative 
mother and her Rh-positive infant, if severe or in- 
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Fig. 6. A) Short, mild Mondini cochlear aplasia with diminished number of neurovascular foraminae (arrows). B) 
Typical Mondini cochlea with malformed modiolus and poor bone deposition (arrows). (x20) - 


adequately treated, may cause hearing loss.°* The 
overwhelming weight of evidence seems to be that, 
at least by light microscopy, the lesion is not in the 
inner ear cr auditory nerve but that deposits of bile 
pigments ere seen in the basal nuclei, including the 
cochlear nuclei. There is injury and loss of cells in 
the cochlear nuclei.®*-*? Dublin has pointed out that 
in none of the pathologic cases had audiometry been 
done.®? 

Hypoxia and prematurity, each separately or in 


combination with other neonatal problems such as 
erythroblastosis fetalis, have also been implicated in 
congenital hearing loss. Extensive studies of the 
pathology in infants dying of hypoxia have shown 
no significant temporal bone pathology, as studied 
by light microscopy, but a paucity of cells in the 
dorsal and ventral cochlear nuclei.*?** Dublin®? 
feels that the pathologies of erythroblastosis fetalis 
and hypoxia are identical, and probably hypoxia 
causes loss of cochlear nuclei cells. An interesting 
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Fig. 7. Genetic cochleosaccular dysplasia showing A) depressed Reissner’s membrane (arrow), encapsulated tectorial 


membrane (T) and compressed organ of Corti (OC) (x100) 












. B) Collapsec saccular wall with degeneration of otolithic mem- 


brane and neuroepithelium (x40). (From Bergstrom et al." Reprinted with permission.) 


case has been presented by Lindsay** of a young 
man who was markedly hypoxic at birth. He had a 
steeply sloping sensorineural hearing loss well docu- 
mented. He died of postoperative complications at 
age 20. The temporal bone was entirely normal. 
Unfortunately, the brain was not available for ex- 
amination. 


Congenital disorders may lie dormant for years 
and the gene expression may become evident in late 
childhood or adult life. There are a variety of 
degenerative syndromes, mostly of recessive in- 
heritance, many of neuroectodermal onigin, in 
which various mixes of ocular, spinocerebellar, 
cutaneous, and aural involvement occur. Im only a 
few is the temporal bone pathology known. and it 


tends to be either neural or cochleosaccular de- 
generation.ć566 


Progressive renal disease and hearing loss, the 
prototype of which is Alport’s dominantly inherited 
syndrome, has a similar onset and if untreated, a 
brief. fatal course in males and a more benign one 
in females. Various types of inner ear pathology 
have been reported or in some instances none has 
been seen by light microscopy.® It is possible that 
there are a variety of distinct hereditary nephro- 
pathies, some of autosomal recessive inheritance, 
resembling Alport’s. Their pathology is unknown." 


In many instances, isolated genetic hearing loss is 
of later onset, is usually dominantly inherited, but 








Fig. 8. Erenatal rubella. A) Stapes footplate fixation, also showing fetal form of stapes (x25). B) Encapsulated tectorial 
membrane (7) and organ of Corti showing degenerated hair cells (arrows) (x100). C) Collapse of saccular membrane onto 
degenerated »tolithic membrane (x40). From Hemenway et al.*t Reprinted with permission.) 
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Fig. 9. A) Cochleosaccular degeneration in a congenital- 

ly deaf 67-year-old female. Note cystic degeneration of 

stria vascularis (SV), degenerated organ of Corti (OC), 

atrophic tectorial membrane (T) in the cochlea, and col- 

lapse and degeneration of saccular membrane (SM) (x25), 

B) Doubly refractile crystalloid bodies (arrows) enmeshed 

in a scar comprised of degenerated stria and Reissner’s 

membrane in the basal cochlear coil (x400). (From Berg- 

strom et al.'’ Reprinted with permission.) 
may be autosomal recessive or X-linked. A variety 
of audiometric patterns are seen. Paparella et al®* 
have described the temporal bone pathology in 
several patients. Onset of symptomatic hearing loss 
may be in late childhood. An early basin-shaped 
sensorineural hearing loss gives way to a ‘lat loss. 
The primary pathology appears to be stria 
vascularis atrophy with secondary hair cell loss and 
atrophy of the organ of Corti. 


Primary neural atrophy as a cause of early deaf- 
ness, possibly congenital hearing loss, prebably is 
extremely rare. Hypoxia and erythroblastesis may 
represent this entity. Another exemplary case is 
presented below. 


Case 11. A 58-year-old male died of complications following 
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F:g. 10. Pathology in cochlea due to congenital cyto- 
megalovirus infection. Cytomegalic inclusion bodies (ar- 
rews) are seen in the stria vascularis and along Reissner’s 
membrane. (From Myers and Stool.** Reprinted with per- 


mision. ) 
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a rs repair of a luetic, aortic ape bie due to acquired 
syphilë some 30 years earlier. The left ear had been known to be 
deaf since about age three. Temporal bone examination showed 
good preservation of the organ of Corti and hair cells. However, 
there was marked loss of spiral ganglion cells and nerve fibers to 
the ap eal coil (Fig. 11). Dininil A in other coils was 
believed to be within normal limits for the patient’s age. No other 
athology was present, and the cause of the hearing loss could not 
a determined.” 
Syndromes in which sensorineura! hearing loss 


oceurs and for which the pathology is known have 
been collated.°? 


FUTURE PRIORITIES 


Our ability to diagnose and treat scientifically 
patients who have congenital or genetic hearing 
losses is severely limited by the paucity of existing 
pathologic material. Unfortunately, it is becoming 
more difficult to obtain temporal bone specimens, 
since the percentage of autopsies performed is drop- 
ping even in teaching hospitals. Furthermore, spec- 
imens from accident and coroners’ cases are virtual- 
ly impossible to obtain in some jurisdictions. How- 
ever, the situation would be greatly improved if 
otologists and other clinicans would make concerted 
effor-s to obtain temporal bone pledges. 


Our methods of studying ear disease need to be 
extended to include more frequently the use of 
preservatives that will permit both light and elec- 
tron microscopy. Where petrous pyramid polyto- 
mography is normal, more surface preparations 
should be obtained.* Specimens from middle ear 
surgery should, where possible, be studied in tem- 
poral bone pathology laboratories rather than in 
surgical pathology laboratories, where there is often 
little interest in and understanding of the specimens 
submitted. Anomalous ossicles could be photo- 
graphed both in situ and after remeval from the 


“Investigational polytomographic study of temporal bone specimens is 
underway at the University of California at Los Angeles. 


40 LaVONNE BERGSTROM 





Fig. 11. Urilateral temporal bone pano in patient deaf in ear since early childhood. Note preservation of the organ 


of Corti and ^air cells and severe neural atrop 
2:11. Reprinted with permission.) 


There has been very little systematic pathologic 
study of the entire auditory system. There needs to 
be more correlation between the neuropathologist’s 
findings and those of the otopathologist. The 
otopathologist and neuropathologist should study 
each other's material together. 


Studies of exoerimental embryology of the nor- 
mal and patholegic isolated animal ear in tissue cul- 
ture as exemplified by Friedmann et al;*? Ruben et 
al,'® and cthers should be exploited to their fullest 
for the knowlec ge they will add to congenital pa- 
thology in humen ears. Postnatal correlative studies 
of the biochem stry, virology and immunology of 


y (x5). (From Schuknecht H, Bergstrom L. Can J Otolaryngol 1975; Suppl 


inner ear fluids of genetically defective ears in 
animals should also be performed. We should con- 
tinue to refine present methods of examining the ear 
during life with the idea of developing methodology 
that will virtually allow us to “look” at the inner ear 
noninvasively. 


Finally, clinicians must assure that each patient 
has been thoroughly evaluated by painstaking his- 
tory, perusal of prenatal and postnatal records, 
detailed examination, complete audiometry, and 
judicious use of consultations, laboratory and x-ray 
tests, in order to make pathologic specimens as 
meaningful as possible. 


REFERENCES 


1. Naunton R, Valvassori GE. Inner ear anomalies; their 
association with atresia. Laryngoscope 1968; 78:1041-9. 


2. Potter GD. mner ear abnormalities in association with 
congenital atresia of the external auditory canal, including a case 
of Michel deformity. Ann Otol Rhinol Laryngol 1969; 
78:598-604. 


3. Bergstrom L. Congenital and acquired deafness in clefting 
and craniofacial syrclromes. Cleft Palate J 1978; 15:254-61. 


4. Jafek BW, Nager GT, Strife J, Gayler RW. Congenital 
aural atresia an analysis of 311 cases. Trans Am Acad 
Ophthalmol Otolarsngol 1975; 80:588-95. 


5. Gill NW. Congenital atresia of the ear. J Laryngol Otol 
1969; 83:551-87. 


6. Schuknecht E F. Reconstructive procedures for congenital 
aural atresia. Arch tolaryngol 1975; 101:170-2. 


7. Harada O, Ishii H. The condition of the auditory ossicles in 


microtia. Plast Reconstr Surg 1972; 50:48-53. 


8. Hough JVD. Malformations and anatomical variations 
seen in the middle ear during the operation for mobilization of the 
stapes. Laryngoscope 1958; 78:1337-79. 


9. Sando I, Wood RP II. Congenital middle ear anomalies. 
Otolaryngol Clin North Am 1971; 4:291-318. 


10. Bergstrom L, Stewart JM, Kenyon B. External auditory 
atresia and the deleted chromosome. Laryngoscope 1974; 
84:1905-17. 


11. Ritter FN. The histopathology of the congenital fixed mal- 
leus syndrome. Laryngoscope 1971; 81:1304-13. 


12. Bergstrom L, Neblett LM, Hemenway WG. Otologic 
manifestations of acrocephalosyndactyly. Arch Otolaryngol 1972; 
96:117-23. 


13. Lindsay JR, Black FO, Donnelly WH Jr. Acrocephalosyn- 


CONGENITAL DEAFNESS | 4] 


dactyly (Apert’s syndrome): temporal bone findings. Ana Otol 
Rhinol Laryngol 1975; 84:174-8. 


14. Bergstrom L, Hemenway WG, Sando I. Pathciogical 
changes in congenital deafness. Laryngoscope 1972; 82: 1777-92, 


15. Igarashi M, Filippone MV, Alford BR. Tempoza bone 
findings in Pierre Robin syndrome. Laryngoscope 1976; 
86: 1679-87. 


16. Sando 1, Hemenway WG, Morgan WR. Histopathosogy of 
the temporal bones in mandibulo-facial dysostosis (Treacher Col- 
lins syndrome). Trans Am Acad Ophthalmol Otolaryngo: 1968; 
72:913-24, 


17. Maran AGD. The Treacher Collins syndrome. J Laryngol 
Otol 1964; 78:135-51. 


18. Ruben RJ, Toriyama M, Dische MR, Bransilver B. Daly 
JF. External and middle ear malformations associated with 
mandibulo-facial dysostosis and renal abnormalities: 2 case 
report. Ann Otol Rhinol Laryngol 1969; 78:605-24. 


19. Bergstrom L, Thompson P, Wood RP III. New patterns in 
congenital otonephropathies. Laryngoscope 1979; 89:177-34, 


20. Kirkham T. Goldenhar’s syndrome with inner earcefects. 
] Laryngol Otol 1970; 84:855-6. 


21. Miyamoto RT, Hamaker RC, Lingeman RE. Gel#enhar 
syndrome: associated with submandibular gland hyperplasia and 
hemihypoplasia of the mobile tongue. Arch Otolaryngsl 1976; 
102:313-4. 


22. Altmann F. Uber den feineren Bau des schlafenbeizes bei 
der Osteogenesis Imperfecta Congenita und Tarda. Monatsschr 
Ohrenheilkd Laryngo-Rhinol 1935; 69:448-70. 


23. Wullstein H, Ogilvie RF, Hall IS. Van der Hoewes syn- 
drome in mother and daughter. ] Laryngol Otol 1960; 74:57-83. 


24, Ogilvie RF, Hall IS. On the aetiology of otosclerosis. J 
Laryngol Otol 1962; 76:841-96. 


25. Opheim O. Loss of hearing following the syndrome of van 
der Hoeve-De Kleyn. Acta Otolaryngol (Stockh) 1968; 65337-44. 

26. Hall JF, Réhrt T. The stapes in osteogenesis imperfecta. 
Acta Otolaryngol (Stockh) 1968; 65:345-8. 


27. Bretlau P, Jørgensen MB. Otosclerosis and osteogenesis im- 
perfecta, Arch Otolaryngol 1969; 90:4-10. 


28. Patterson CN, Stone HB. Stapedectomy in van der#oeve’s 
syndrome. Laryngoscope 1970; 80:544-58. 





29. Zatjchuk JT, Lindsay JR. Osteogenesis imperfeeta con- 
genita and tarda, a temporal bone report. Ann Otol Rhinol 
Laryngol 1975; 84:350-8. 


30. Kosoy J, Maddox HE II. Surgical fingings in van der 
Hoeve’s syndrome. Arch Otolaryngol 1971; 93:115-22. 


31. Flintoff WM, Karmody CS, Rabuzzi DD. Osteogenesis 
imperfecta of the stapes: an histological study. ] Otorryngol 
1976; 5:37-41. 


32. Schuknecht HF. Pathology of sensorineural deafnese-of ge- 
netic origin. In: McConnell F, Ward PH, eds. Deafness inechild- 
hood, Nashville: Vanderbilt University Press, 1967:69-9€. 


33. Suga F, Lindsay JR. Temporal bone histopathology. of os- 
teopetrosis. Ann Otol Rhinol Laryngol 1976; 85:15-24. 

34. Nassif R, Harboyan G. Madelung’s deformity wits con- 
ductive hearing loss. Arch Otolaryngol 1970; 91:175-8. 

35. Kietzer G, Paparella MM. Otolaryngological discreers in 
craniometaphyseal dysplasia. Laryngoscope 1969; 79:92)-41. 


36. Walker BA, Scott CI, Hall JG, Murdoch JL, MeXusick 
VA. Diastrophic dwarfism. Medicine 1972; 51:41-59. 


37, Ormerod FC, The pathology of congenital deafmess. J 
Laryngol Otol 1960; 74:919-50. 


38. Valvassori GE, Naunton RF, Lindsay JR. Inner ear ano- 
malies: clinical and histopathological considerations. An» Otol 
Rhinol Laryngol 1969; 78:929-38. 


39. J¢rgensen MB, Kristensen HK, Buch NH. Fhalidomide-in- 
duced aplasia of the inner ear. J Laryngel Otol 1964; 
78:1095-101L. 


40. Phelps PD. Congenital lesions of the inner ear, demon- 
strated bv temography. Arch Otolaryngol 1974; 100:11-8. 


41. Takemori S, Tanaka Y, Suzuki JI. Thalidomide anomalies 
of the ear. Arch Otolaryngol 1976; 102:425-7, 


42. MeLay K, Maran AGD. Deafness and the Klippel-Feil 
syndromes: 3 cases. J Laryngol Otol 1969; 83:175-84. 


43. Marcus RE. Recognition and diagnosis of hereditary deaf- 
ness with tomographic correlations. Trans Am Acad Ophthalmol 
Otolaryngol 1969; 73:409-19. 


44, Almann F. The inner ear in genetically determined deaf- 
ness. Acta Otolaryngol (Stockh) 1964; Suppl 187:8-39. 


45. Sugiura $, Nomura Y. Histological findings in a case of 
Mondini anomaly of the inner ear. Ana Otol Rhinol Laryngol 
1970; 79:1139-42. 


46. Lindsay JR. Inner ear pathology in congenital deafness, 
Otolaryngol Clin North Am 1971; 4:249-90. 


47. Adkins WY, Gussen R., Temporal bone findings in the 
third and fourth pharyngeal pouch (DiGeorge) syndrome. Arch 
Otolaryngol 1974; 100:206-8. 


48. Black FO, Spanier SS, Kohut RI. Aural abnormalities in 
partial DiGeorge’s syndrome. Arch Otolaryngol 1975;101: 
129-34. 


49. Fisch N, Lindsay JR, Srolovitz H. The temporal bone in 
the preauricular pit, cervical fistula, hearing loss eyndrome. Ann 
Otol Rhiael Laryngol 1976; 85:268-75. 


50. Adkins WY, Gussen R. Oval window absence, bony clo- 
sure of round window and inner ear anomaly. Laryngoscope 
1974; &4:1210-24. 

51. Liadsay JR, Matz GJ. The differentiation of acquired con- 


genital from genetically determined inner ear deaimess. Ann Otol 
Rhinol Laryngol 1966; 75:830-43. 


52. Friedmann I, Fraser GR, Froggatt P. Pathelogy of the ear 
in the casdie-auditory syndrome of Jervell and Lange-Nielsen. ] 
Laryngol Otol 1968; 82:883-96. 


53. Fisch L, The aetiology of congenital deafmess and audio- 
metric patterns. J Laryngol Otol 1955; 69:479-93. 


54. Hemenway WG, Sando I, McChesney D. Temporal bone 
patholegy following maternal rubella. Arch Kin Exp Ohren 
Nasen Kentkopfheilkd 1969; 93:287-300. 


99. Gessen R, Saccule otoconia displacement into cochlea in 
cochlea saecular degeneration. Arch Otolaryngol 1980; 
106:16 1-6, 


56. Mvers EN, Stool S. Cytomegalic inclusion disease of the in- 
ner ear. Laryngoscope 1968; 88:1904-15. 


57. Davis GL. Cytomegalovirus in the inner ear, case report 
and electson microscopic study. Ann Otol Rhinol i.aryngol 1969; 
78: 1179-88, 


58. Geadhill V. The nerve-deaf child: significance of Rh, ma- 
ternal rusella and other etiologic factors. Ann Otol Rhinol 
Laryngol 1950; 59:1123-47. 

59. Crabtree N, Gerrard J. Perceptive deafness associated with 
severe neonatal jaundice; report of 16 cases. J Laryngol Otol 
1950; 64:482-506. 

60, Gerrard J. Nuclear jaundice and deafness. f Laryngol Otol 
1952; 66-39-45, 

61. Geodhill V. Clinical pathologica! aspects of kernicterus 
nuclear “deafness.” J Speech Hear Disord 1956; 22:407-10. 

62. Dublin WB.Fundamenials of sensorineural auditory pa- 
thology. Springfield: Charles C Thomas, 1976:108-13, 190-5. 


63. Abramowicz M, Kass EH. Pathogenesis amd prognosis of 
prematurity. N Engl J Med 1966; 275:938-43, 1061-7, 1053-9. 





42 LaVONNE BERGSTROM 


64. Hall JG. Tie cochlea and the cochlear nuclei in neenatal 
asphyxia, Acta Otelaryngol (Stockh) 1964; Suppl 194:8-93. 


65. Denry-Brown D. Hereditary sensory radicular neuropa- 
thy. J Neurel Neu-csurg Psychiatry 1951; 14:237-52. 


66. Hallpike Ci. Observations on the structural basis of two 
rare varieties of he-ecitary deafness. In: de Renck AVS, Knight ], 
eds. Myotatic, kimesthetic and vestibular mechanisms. Beston: 
Little, Brown, 19€7:285-94. 


67. Myers GJ, Tyler HR. The etiology of deafness in Alport’s 
syndrome. Arch Otolaryngol 1972; 96:333-40. 


68. Paparella MM, Hanson DG, Rao KN, Ulvestad R. Genetic 


sensorineural deafness in adults. Ann Otol Rhinol Laryngol 1975; 
84:459-72. 


69. Bergstrom L. Some pathologies of sensory and neural hear- 
ing loss. Can J Otolaryngol 1975; 4 Suppl 2:1-28. 


EAR-RELATED DEVELOPMENTAL ANOMALIES OF BRANCHIAL 
CLEFTS AND ARCHES I AND II 


RICHARD J. BELLUCCI, MD 
New York, NEw YORK 


Published in a book entitled Symposium on Diagnosis and Treatment of Craniofacial Anomalies. 


Bellucci RJ. Ezr-zelated developmental anomalies of branchial clefts and arches I and II. In: Converse J, ed. Symposium on Diagnosis 
and Treatment of Craniofacial Anomalies. St. Louis: CV Mosby, 1979:512-6. 


ROLE OF TONSILLECTOMY AND 
MANAGEMENT OF CHILDREN WITH MIDDLE EAR EFF 


.DENOIDECTOMY IN THE 
SION 








JAMES B. SNOW, JR., MD 


PHILADELPHIA, PENNSYLVANIA 


Evidence for the clinical effectiveness of adenoidectemy or tonsillectomy and adenoidectomy in the management of chiidren with per- 
sistent middle ear effusions is incomplete and what evidence there is in the literatare is not convincing. In the first year after tonsillectomy 
and adenoidectomy there is less otitis media. The beneficial effects of tonsillectomy and adenoidectomy on the incidence of otitis media 
declines in the second year after the operation. The prevailing opinion is that adenoidectomy is not indicated in the wast majority of 
children in whom a middle ear effusion has persisted for six weeks or more in spite of antibiotic therapy. Factors favoring an adenoidec- 
tomy would be persistent nasal obstruction, persistent purulent rhinorrhea and persistent adenoiditis. The role of tonsillectomy is even less 
clear, but the decision regarding tonsillectomy is made by most clinicians on the basis of the amount of intercurrent or ckronic tonsillitis 


rather than on the basis of the middle ear effusion per se. 


The question to be examined in this essay is the 
role of 1) adenoidectomy and 2) tonsillectomy and 
adenoidectomy in the management of middle ear 
effusion in children. 


Prior to the mid-1950s, children with persistent 
middle ear effusion were treated with adenoidec- 
tomy and bilateral myringotomies and aspiration. 
Following Armstrong’s reintroduction of ventila- 
tion of the middle ear with tympanostomy tubes, 
adenoidectomy and myringotomies with insertion 
of tympanostomy tubes became the most widely 
practiced treatment.’ In the 1960s, the concept that 
long term ventilation of the middle ear with tym- 
panostomy tubes was sufficient treatment for pa- 
tients with effusion of the middle ear was intro- 
duced. The immediate results of this form of treat- 
ment are impressive with a return of the middle ear 
toward normal and restoration of the hearing to 
normal. The problem results from extrusion of the 
tympanostomy tubes, often after only a few 
months, and the prompt recurrence of the middle 
ear effusion. With repetition of the myringotomy 
and insertion of a tympanostomy tube, the disease 
process can be kept under control, but unfortunate- 
ly this procedure requires a general anesthetic in 
children and may be required several times during 
the course of childhood. 


The question may be more precisely stated: Does 
adenoidectomy or tonsillectomy and adenoidec- 
tomy done in conjection with myringotomies and 
insertion of tympanostomy tubes reduce the chance 
of recurrence of middle ear effusion after extrusion 
of the tympanostomy tubes? Certainly, from the ex- 
perience in many patients, middle ear effusion does 
frequently recur after adenoidectomy or tonsillec- 
tomy and adenoidectomy following extrusion of 
tympanostomy tubes. Is the incidence of recurrence 
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of middle ear effusion less in patients who have had 
an adenoidectomy or tonsillectomy and adenoidec- 
tomy tnan in patients who have had no adenoidec- 
tomy er tonsillectomy and adenoidectemy? 


The answer to this question is confounded by our 
lack of precise understanding of the etielogy of mid- 
dle ear effusion. The role of cleft palate. infection in 
the middle ear, infection in the pharynx, allergy, 
middle ear secretory activity, eustachian tube ob- 
struction, eustachian tube lymphatic obstruction, 
adenoid hyperplasia, tonsillar hyperplasia, ade- 
noiditis and tonsillitis are not completely under- 
stood. Therefore the theoretical basis tor the bene- 
ficial effect of adenoidectomy or tonsillectomy and 
adenoidectomy is uncertain. Evidence for the 
clinical effectiveness of adenoidectomy: or tonsillec- 
tomy and adenoidectomy is incomplete in the liter- 
ature and what is present in the literature is not 
convincing. The literature has few reports of pros- 
pective, randomized studies of the efficacy of 
adenoidectomy or tonsillectomy anc adenoidec- 
tomy in middle ear effusion, Parenthetically this 
situation among operations is not umque to ton- 
sillectamy and adenoidectomy. Nevertheless the 
literatare bears careful consideration in order to 
study the problem in the future. 


LITERATURE REVIEW 


In 1963 McKee reported a study of 413 children 
ranging in age from 2 to 15 years. These children 
had nisteries of three or more throat infections or 
acute respiratory infections with cervical lymphatic 
adenits in the previous 12 months.’ Children with 
recurrent otitis, sinusitis, exacerbation of rheumatic 
fever or renal disease and “frequent and severe ton- 
sillitis over a period of several years despite con- 
tinuous antibiotic therapy” were excluded because 
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it was considered unethical to withhold tonsillec- 
tomy and aderwidectomy from these children. Dur- 
ing the fi-st year after the operations, the children 
who had che tensillectomy and adenoidectomy had 
0.17 episodes of otitis media while the children 
without the overations had 0.33 episodes. In the 
second year afer the operations, the children who 
had the onerat-ons had 0.14 episodes of otitis media 
while the chilcren without the operations had 0.17 
episodes. The cifference was 0.16 episodes per child 
during the first year and 0.03 during the seeond 
year for an overall reduction in otitis media of one 
fifth of an episode for two years. This difference is 
small but statistically significant. It is notable that 
these children were selected because of sore throat 
and youngsters with recurrent otitis media were ex- 


cluded. 


In another study also reported in 1963, McKee 
compared the sesults of adenoidectomy with tonsil- 
lectomy and acenoidectomy in children selected in 
the same way. At one year, he demonstrated that 
adenoidectomy reduces very slightly the incidence 
of otitis m edia in this group of children with a low 
incidence of recurrent otitis media prior to the 
operation 


Mawson et <l* studied 404 children between the 
ages of 3 and 12 vears who were randomly assigned 
to tonsillectomy and adenoidectomy or medical 
management. Thirty percent had two or more epi- 
sodes of earache or otitis media in the year prior to 
the randamizacion. During the first year after the 
operations, 62% of the two to four years age group 
had less than two attacks of earache or otitis media 
against 83% œ the controls. In the four to seven 
years age group, 77% of the children receiving the 
operations had less than two attacks of earache or 
otitis mecia compared to 75% of the controls. In 
the 8 to 12 years age group, 92% of the children 
who received the operations had less than two at- 
tacks of eerache cr otitis media compared to 80% of 
the contrels. Im the second year even more similar 
rates were foued in the two groups. No significant 
difference was found in the incidence of otitis 
media. 


In 1967 Rovdhouse® reported a study of 552 
children im which the same criteria of selection were 
used as in McEee’s studies. Again children whose 
main comolaincs were relative to the ears were ex- 
cluded. Curing the first year after tonsillectomy 
and adencidectomy, the children had 0.19 episedes 
of otitis media while the children without the oper- 
ations hac 0.2£ episodes. In the second year after 
the operavions, the children had 0.09 episodes of 
otitis media while the children without the opera- 
tions had 0.07 episodes. The difference was 0.10 
episodes per child during the first year and -0.02 
episodes during the second year for an overall re- 
duction ir otits media of less than 10% for two 
years. 





Rynnel-Dagéé et alë reported in 1978 a controlled, 
randomized study of 76 children with recurrent 
otitis media, frequent upper respiratory tract infec- 
tions or nasal obstruction. The children were ran- 
domly assigned to adenoidectomy or no adenoidec- 
tomy. Those with middle ear effusions were treated 
with myringotomies and aspiration with tympanos- 
tomy tubes being inserted if the aspiration 
demonstrated tenacious fluid. The group that had 
the adenoidectomy had less nasal obstruction at one 
year after the operation than the group that did not 
have the adenoidectomy, but the incidence of nasal 
obstruction was the same in the two groups after 
two years. They were not able to demonstrate any 
statistically significant difference between the two 
groups in the incidence of purulent otitis media or 
middle ear effusions during the two years following 
randomization. Likewise no difference in hearing 
loss was present after two years. 


Lemon’ studied adenoidectomy with myr- 
ingotomy and aspiration versus myringotomy and 
aspiration alone and found a 3% recurrence of mid- 
dle ear effusion in six months in the patients who 
had had an adenoidectomy and a 40% recurrence 
rate in those who had not had the adenoidectomy. 


In general it may be stated that in the first year 
after tonsillectomy and adenoidectomy there is less 
otitis media than in the period prior to the opera- 
tion. The magnitude of this difference is small both 
in Mawson et al’s* and Rynnel-Dagöö et al’s® studies 
in which the incidence of otitis media prior to 
operation was fairly high and in McKee’s? and 
Roydhouse’s® studies in which the incidence of otitis 
media prior to operation was low. The beneficial ef- 
fects of tonsillectomy and adenoidectomy decline in 
the second year after the operations although 
Mawson et al demonstrated a persistent substantial 
difference in the second year. Although Rynnel- 
Dagöö et al were not able to demonstrate a bene- 
ficial effect of adenoidectomy on the incidence of 
purulent otitis media or middle ear effusion or on 
the magnitude of the hearing loss at two years, 
Lemon’ demonstrated a much lower rate of recur- 
rence of middle ear effusion after adenoidectomy. 


Does adenoidectomy or tonsillectomy and ade- 
noidectomy done in conjunction with myr- 
ingotomies and insertion of tympanostomy tubes 
reduce the chance of recurrence of middle ear effu- 
sion after extrusion of the tympanostomy tubes? For 
the purpose of seeking an answer to this question, 
these studies are not as helpful as they might have 
been because the incidence of middle ear disease ac- 
cepted for inclusion in the studies was low. If the 
operations were efficacious, the potential reduction 
in the incidence of otitis media and middle ear effu- 
sion would be small. Indeed, higher incidences of 
middle ear disease were reasons for exclusion from 
some of these studies prior to randomization and for 
withdrawal from the control groups after randomi- 
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zation. Also these patients were not studied with 
tympanometry. 


A major problem in such studies is the lack of 
documentation of the severity of the problera prior 
to the operative intervention. It is now well recog- 
nized that even in control groups the incidence of 
the problem declines in individuals under careful 
observation as compared to the historical account of 


the problem prior to the entrance into the study. 





In the past, serous or secretory otitis mecia was 
defined as a sterile middle ear effusion. It is now 
known that 11 to 60% of middle ear effusions for- 
merly diagnosed as serous or secretory contain in- 
fectious bacterial agents. There is evidence that an- 
tibiotic therapy promotes the resolution of the mid- 
dle ear effusions diagnosed clinically as acute otitis 
media.* Likewise there is evidence that prophylac- 
tic chemotherapy can reduce the incidence cf acute 
otitis media.’ 


The microbiologic environment of the nasophar- 
ynx in middle ear effusions is similar to that in acute 
otitis media.*° Adenoidectomy, tonsillectoray and 
treatment with conventional chemotherapeutic 
agents have been only partially effective in eradi- 
cating these pathogenic bacteria from the naso- 
pharynx. 


All of this information suggests that bacterial in- 
fection, whether acute or indolent, is a major factor 
in the etiology and pathogenesis of middle ear effu- 
sions. The efficacy of tonsillectomy and adenoidec- 
tomy in the management of middle ear effusions has 
not been answered by the studies so far reported, 
and comparison of the efficacy of these operations 
with other forms of treatment for middle ear effu- 
sion such as antibiotic therapy, antimicrobial che- 
motherapy, sympathomimetic amine therapy, anti- 
histamine therapy and insertion of tympanostomy 
tubes remains to be carried out. 


Olson et al“ have found in a study of the efficacy 
of pseudoephedrine in the treatment of children 
with middle ear effusions no difference in the rate 
of resolution in the control group receiving a 
placebo and in the group receiving pseudoephe- 
drine. Approximately 60% cleared in both groups. 
A National Institute of Neurological and Communi- 
cative Disorders and Stroke (NINCDS) contract for 
the study of the efficacy of a combination of a sym- 
pathomimetic amine and an antihistamine has been 
awarded to the Children’s Hospital of Pittsburgh. It 
is hoped that this well-designed study will give us 
important new information on the efficacy of this 
widely practiced form of therapy for middle ear ef- 
fusion. 


Persico et al studied 276 children with middle ear 
effusion, all of whom received ampicillin therapy 
and 160 of whom received prednisone orally for 10 
to 14 days." Within two weeks 53% of the group 


receiving prednisone were otoscopically, tympano- 
metrically and audiometrically back to normal 
while only 17% of the group receiving only ampicil- 
lin were back to normal. Thirty-eight percent were 
in need of further treatment at the end of the anti- 
biotic therapy as compared to 37% in the cortico- 
steroid group. Ten percent of the prednisone group 
showed no improvement compared with 45% of the 
ampicillin alone group. 





Simiar studies are needed for the role of 
pneumococcal immunization, antibiotic therapy, 
antibictic or antimicrobial chemotherapeutic pro- 
phylaxis, tympanostomy tube insertion, adenoidec- 
tomy, and tonsillectomy and adenoidectomy. 


In 1971 Paradise and Bluestone initiated a study 
in Pittsburgh of the efficacy of tonsillectomy and of 
adenoidectomy. The subjects are randomly assigned 
to the operation or medical management. Recruit- 
ment ef study patients has been a problem. The 
number of children who met the criteria for tonsil- 
lectonry is small. Parents of approximately 75% of 
the chidren allow random assignment. Preliminary 
data suggest that children with middle ear disease 
treated with adenoidectomy show few differences 
in morbidity from those treated without adenoidec- 
tomy. Subsequent morbidity is substantial in both 
groups. 


A multiinstitutional study of the efficacy of ade- 
noideccomy and tonsillectomy and adenoidectomy 
has been planned through a grant to the Depart- 
ment əf Epidemiology of the University of Fitts- 
burgh from NINCDS. The report that was devel- 
oped from this planning grant has been considered 
by an ad hoc committee assembled by NINCDS. 
The ed hoc committee has recommended that 
studies of the efficacy of adenoidectomy and tonsil- 
lectory and adenoidectomy in the treatment of pa- 
tients with otitis media are needed and that the effi- 
cacy cz insertion of tympanostomy tubes should be 
studied in conjunction with these studies. The point 
I would make is that the treatment of middle ear ef- 
fusions should be studied rather than studying the 
operations, 


The problems involved in studying the efficaey of 
adenoidectomy and tonsillectomy and adenoidec- 
tomy m the treatment of middle ear effusions are 
many. The criteria for the selection of patierts is 
debatable. If the criteria are sufficiently restrietive 
to obtain a fairly homogeneous study group, the 
numbers in one institution or even in multiple in- 
stitutions tend to be too small for a statistieally 
significant difference to be demonstrated. If the 
criteria are broad enough to encompass a larger 
number of study subjects, the results lack sufficient 
specificity to be of value in the decision-making 
process for an individual child with a specific 
clinical problem. 





Smaller numbers of study subjects could be em- 
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ployed by allewing the child to serve as his own 
control. After a period of documentation of the in- 
cidence end severity of the clinical problem, the 
operation couk] be performed and the status o the 
patient could >e determined by prolonged follow- 
up. The flaw in this design is the tendency for a 
given child to -mprove over time without any treat- 
ment, and this approach introduces a bias in favor 
of the treatment under consideration. This problem 
is fundamenta_ly biostatistical. We need an innova- 
tive solution te this dilemma from biostatisticians. 


The problera is further confounded by the fact 
that there are a number of forms of treatment 
which are in n> way mutually exclusive which may 
be efficacious. Not only do we need a determination 
of the efficacy of each, we need to know when and 
how they should be applied in conjunction with 
each other. 


The current state of the art would suggest the 
following approach to the management of children 
with middle ear effusions. Bearing in mind the high 
incidence of pathogenic bacteria in middle ear effu- 
sions which do not appear to be acute purulent oti- 
tis media, antibiotic therapy, probably with ampi- 
cillin for 10 to -2 days, should be considered in chil- 
dren with midcle ear effusions who have not recent- 
ly had antibiotic therapy. 


Allergic management should be considered in 
each child. 


In children ia whom the middle ear effusion per- 
sists after a trial of antibiotic therapy, a six-week 


trial of a sympathomimetic amine and an antihis- 
tamine is in order. If the effusion persists, operative 
intervention should be considered. In this con- 
sideration, the vast body of opinion would concur 
that myringotomies with insertion of tympanos- 
tomy tubes should be carried out. It is at this point 
that the role of adenoidectomy should be con- 
sidered. The prevailing opinion is that adenoidec- 
tomy is not indicated in the vast majority of children 
with the first episode of middle ear effusion that has 
persisted for six weeks in spite of antibiotic and sym- 
pathomimetic amine and antihistamine therapy. 
Factors favoring an adenoidectomy at this point 
would be persistent nasal obstruction, persistent 
purulent rhinorrhea and persistent adenoiditis. 


In children who have not had an adenoidectomy 
or tonsillectomy and adenoidectomy who have re- 
currence of middle ear effusion after extrusion of 
multiple tympanostomy tubes, the same factors 
favor adenoidectomy; however, no firm clinical 
rule is apparent at this time. The role of tonsillec- 
tomy is even less clear, but the decision regarding 
tonsillectomy is still made by most clinicians on the 
basis of the amount of intercurrent or chronic ton- 
sillitis rather than on the basis of the middle ear ef- 
fusion per se. 


In 1971 I tried to discuss the current state of the 
art regarding tonsillectomy and adenoidectomy.” 
How different this essay is from that one. A great 
deal of conservatism regarding adenoidectomy for 
middle ear disease has occurred in the last 15 years. 
However we are just as much in need of definitive 
studies now as we were then. 
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CHRONIC OTITIS MEDIA AND CHOLESTEATOMA 


G. O. PROUD, MD 


KANSAS CITY, KANSAS 


Cholesteatomia may arise because of a number of events, but serous otitis media appears to be the precursor in the majority of in- 
stances. Whether one enters into conservative, simple excision of the keratotic mass or a more extensive modified radical mastoidectomy or 
radical exteriorizing procedure will depend upon whether the cholesteatoma is in a very small “pearl-like” mass, confined to a limited area, 
or whether it is dispersed to the point where total eradication is all but impossilte. 


The purpose of this presentation is to introduce 
some thoughts on three aspects of chronic ear disease 
and cholesteatoma. First some comments will be 
made upon the etiology of cholesteatoma, second a 
number of reasons for failure of temporal bone 
surgery to accomplish its goals will be discussed, 
and third a plea will be offered for conservatism in 
the surgical assault upon cholesteatoma in certain 
instances and a more radical approach in others. 


ETIOLOGY OF CHOLESTEATOMA 


Taking first things first, the etiology ef cho- 
lesteatoma has not been clearly established. Mc- 
Guckin presented good evidence to demenstrate 
that the keratotic mass may, in some instances, arise 
in the epithelium of the external auditory casal and 
invade, in secondary fashion, the middle ear cleft 
and mastoid process.' In fact, McGuckin proposed 
that the term “otitis media” is a misnomer in the 
absence of purulence, and he suggested taat the 
mesotympanum may remain essentially heakhy un- 
less secondary infection chances to intervene. 
Careful, prolonged observation of patients with the 
surgical otoscope in the outpatient clinic tells one 
that he is probably correct in his assumption. but he 
gave only lambent treatment to the fact that-:middle 
ear effusion coexists with or precedes the “sodden 
keratotic mass.” He relied upon repeated cleansing, 
by suction, of the diseased canal skin and ceclared 
that surgical intervention is seldom required. He 
stated that such cleansing was sufficient to cure 
many patients for all time. His theory is am attrac- 
tive one, but in many instances the canal skin ap- 
pears so healthy and the site of cholesteatoma 
emergence so far distant from the skin that one is 
led to conclude that his theory of origin car be ap- 
plied to but a few patients. 


The thought that cholesteatoma may be of con- 
genital origin and arise in the epitympanic recess 
has been so well documented by Virchow “hat the 
concept appears to be factual and not vorn of 
theory alone.? Cholesteatoma which arises in this 
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fashior is uncommonly deceptive and dangerous, 
for it may remain asymptomatic and unrecognized 
for maay years while its erosive mischief is at work. 
Fortunately, again, the congenital type is probably 
a rare ene. 


The suggestion that cholesteatoma arises by 
migration of external auditory canal epithelium 
through an attic perforation was submitted by 
Tumarxin.? His thesis carries some allure when 
cholesteatoma is first seen in a perforation of the 
memb-ane of Shrapnell; however, careful observa- 
tion will establish the fact that most cholestea- 
tomate first presents in pockets in the postero- 
superiar segment of the pars tensa immediately 
overly:ng the long crus of the incus. 


On eccasions one sees the appearance of choleste- 
atoma following the development of a marginal 
pars tensa or pars flaccida perforation due to 
traums. In the “misguided” healing process the 
epithe ium invades the tympanum or epitympan- 
um. Semetimes iatrogenic maneuvers such as plac- 
ing a graft on the lateral aspect of a perforation dur- 
ing a myringoplasty operation may give rise to 
choles-eatoma when epithelium is buried or grows 
beneath rather than over the surface of the graft. 


The greater number of cholesteatomata, how- 
ever, <ppear to arise in response to prolonged serous 
otitis media. As the latter disease process progresses 
there comes a time when a retraction pocket devel- 
ops in the posterior marginal area of the pars tensa. 
Event-ally the pocket becomes adherent to the long 
crus of the incus and becomes progressively more 
difficult to reduce by inflation or myringotomy. 
Later still, the fluid vanishes from the meso- 
tympanum, and at this point the hearing may re- 
turn to normal. The physician, consequently, re- 
laxes his vigilance assuming that the condition has 
abated, but often assiduous patient follow-up will 
reveal that the pocket continues to deepen, and the 
lenticular process of the incus disappears. Auditory 
acuity may remain good as nature’s own myringo- 
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stapediopexy has been accomplished. Eventually 
the pocket or invagination deepens, becomes a sac 
and invades the tympanum, the epitympanum, the 
aditus ad antrum, and, at length, the mastoid pro- 
cess. If at some point secondary infection appears, 
attended by pain or discharge, the patient may 
return for care. 


Just how many pursue this course and how many 
are self-limited it is impossible to say, for the 
nomadic pattern of American life makes. patient 
follow-up a singularly difficult assignment. Sur- 
gical expboration of the mastoid and epitympanum 
while fluid is still present in the middle ear and for a 
time after it disappears usually reveals granulo- 
matous and polypoid tissue surrounded by glue-like 
xanthachromic fluid in these areas while the meso- 
tympanum ordinarily remains healthy in appear- 
ance. Apparently the retraction pocket develops as 
some sort of reaction to this inflammatory process, 
perhaps through cicatrix formation. The inciting 
factor or factors responsible for the inflammation 
remain unknown. 


THE RADICAL MASTOIDECTOMY 


Once cholesteatoma is entrenched its surgica! ex- 
cision is indicated. Again and again we hear the old 
refrain, “The goals of modern otologic surgery are a 
dry, trouble-free ear, a closed system and improved 
hearing.” The public and our pediatric and medical 
colleagues have come to expect such an end result. 
The pity is that such an outcome is so difficult to 
achieve. We exist, today, in a world of “otologic 
madness.” We seem to be driven to attain the goals 
just mentioned at any price, and this philosophy 
can lead to deep regret. One should remember that 
on occasions a so-called “radical” mastoidectomy 
may be the most “conservative” procedure that one 
can perform. When cholesteatoma is extensive, scat- 
tered and deeply imbedded, the radical mastoidec- 
tomy is the safest operation of the day. The concept 
of doing a closed procedure with a “second look” in 
two years carries the threat of peril, for intracranial 
complication may supervene before the look is tak- 
en. Even in the case where the cholesteatoma is an 
isolated, easily excised “pearl,” the hazard of doing 
a closed procedure may persist, and recurrence may 
not become apparent for eight or more years. Di- 
minution of hearing, vertigo, otalgia or supra- 
auricular pain after an apparently good result all 
are warning alarms heralding recurrence and exten- 
sion of cholesteatoma and eventual tragedy. In the 
face of such symptoms revision to an exteriorized 
radical mastoideczomy is indicated. The amount of 
deep-seated disease obscured by an innocent-ap- 
pearing neomembrane is amazing. 


To the question, “Is the situation created by per- 
forming a radical mastoidectomy inevitably a safe 
one?”, the answer is an unequivocal, “No!” In the 
healing process a fibroepithelial membrane lines the 


bowl and middle ear. A cicatricial web may form 
pockets anywhere in the cavity sealing off the 
mastoid cavity from the middle ear or vice versa. 
Even a total stricture may form. In either event en- 
trapment of cholesteatoma, not seen or incomplete- 
ly removed at surgery, may occur. Nothing defeats 
one more handily than does entrapment. Such a pa- 
tient is again in danger, and minor or major revi- 
sion is indicated, perhaps more than once, until ex- 
teriorization is achieved. The patient must in a 
sense become married to his physician and return at 
regular intervals to be certain that the ear remains 
open and as dry as possible. 


Yes, the “radical” operation, despite the prob- 
lems of drainage and the necessity for life-long care, 
is a good procedure, but what of the hearing? Or- 
dinarily it will be poor, but it will usually be poor 
before the operation is undertaken. Even when the 
auditory acuity is serviceable in the preoperative 
state the postoperative hearing result may be a bad 
one. Cholesteatoma is stealthy, and as it erodes the 
ossicles it may interpose itself between a major ossi- 
cle and the stapes rendering so-called ‘“cholestea- 
toma hearing.” Naturally the keratotic mass cannot 


be left behind. 


THE CONSERVATIVE APPROACH, A PARADOX 


Having introduced an adjuration for an open, ex- 
teriorizing attack, the thought that one can, on oc- 
casions, be conservative in his approach appears at 
first blush to be a schizophrenic one. When the cho- 
lesteatoma seems to be a limited affair, confined to 
the epitympanum or posterior margin of the pars 
tensa, one may be justified in doing a transcanalicu- 
lar excision of it, leaving the healing process to its 
own devices. The conservation or gain in hearing 
may be most gratifying, and, if the patient is fol- 
lowed carefully, this may be all that is required to 
prevent further extension of the invasive keratotic 
mass. It is a far cry from an open excision of 
cholesteatoma and closure with a graft to the 
limited procedure just described. The latter seldom 
leads to difficulty, whereas the former may well do 
so. There is much to be said in favor of the modified 
radical mastoidectomy as well, for here one does 
create a mastoid bowl, and the only closed area is 
the tympanum. Here the postoperative tympanic 
membrane is thin, and trouble within the mesotym- 
panum or epitympanic recess may be detected early 
before erosion becomes extensive. Grafts, on the 
other hand, frequently become quite thick, and 
observation of entrapped disease through them 
becomes a difficult task. 


Whether one enters into open exteriorizing pro- 
cedures or employs a more limited and conservative 
approach the patient must remain under observa- 
tion for an indefinite period of time. Each problem 
must be evaluated with regard to the extent and 
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location of the cholesteatoma, and the sargeon’s 
talents deserve equal consideration. All of this, of 
course, adds to the challenge of temporal bone 
surgery. 


In actuality, what is sorely needed is scme pro- 
cedure or treatment which will interrupt or abort 
serous otitis media before the retraction pocket 
develops. Transmyringal grommet insertion serves 
to improve hearing while the grommet is in place 
and unobstructed by dried secretion, but proof that 


the process can be cured by their insertion is want- 





ing. With repeated insertion of grommets after ex- 
trusioa, eventually the mesotympanam becomes 





more and more shallow to the point where another 
insertion is impossible. 


If one tries to carry the field by direct assault 
through a surgical attack on the mastoid and epi- 
tympanum, in the early stages, the polypoid and 
granulation tissue can be excised, but recurrence is 
frequent and troublesome.’ 
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BEHAVIORAL METHODS IN PEDIATRIC AUDIOLOGY: 
PAST, PRESENT, FUTURE 


NOEL D. MATKIN, PhD 


TUCSON, ARIZONA 


A pediatric audiplogic test battery consisting of both behavioral conditioning approaches and electrophysiological techniques has been 
developed anc refined during the past decade. At present, a high rate of success can be anticipated in identifying and describing various 
degrees, types and cenfigurations of pediatric hearing loss. Further, progress has been seen in the development of a battery of materials 
which are linguistica-ly appropriate for assessing the utilization of residual auditory function among young hearing-impaired children. It is 
obvious, however, tl at clinical research is still needed to assure expansion anc refinement of existing materials and techniques used for 
discrimination testing. Further, methodology must be developed for objective analysis of a youngster’s auditory response behaviors if addi- 
tional handicapping conditions are to be identified at an early age. Finally, a major challenge in the future is to analyze through systematic 
clinical investigationthe potential contribution that can accrue with the administration of central audiologic test procedures designed both 
to identify and to classify various auditory-based language and learning disabilities, 


INTRODUCTION 


During the past decade, a significant change in 
the pattern of referrals to pediatric audiology clinics 
has become evident. Specifically, many children are 
now being referred during the preschool years, 
often with parertal concern regarding hearing sta- 
tus in that “the child is not talking.” Of those 
youngsters who are identified as hearing-impaired, 
substantial numbers subsequently are found also to 
be multihandicapped. Further, with the national 
thrust toward early intervention, many children 
with marked developmental delays are being re- 
ferred from preszhool programs to assure that such 
youngsters have adequate hearing sensitivity to 
benefit from remediation. Finally, increasing 
numbers of school-age children having normal au- 
diograms are now being referred for audiologic 
evaluation with such teacher complaints as “ the 
child does not seem to listen,” “the child does not 
pay attention,” ‘the child has difficulty with audi- 
tory comprehensicn,” etc. In short, the types of 
youngsters being-scheduled for comprehensive pedi- 
atric audio ogic assessments have changed signifi- 
cantly in the past decade. As a consequence, the 
premise that the majority of children can be suc- 
cessfully evaluated by making minor modifications 
in the adult test protocol has proven to be untenable 
in many instances. 

The major responsibilities of a pediatric au- 
diologist daring an initial audiologic evaluation 
should be viewec as multifaceted: first, to obtair: a 
reliable assessment of auditory status (which entails 
far more than obtaining a pure tone audiogram) 
and then to communicate an effective interpreta- 
tion of findings to parents, teachers and clinicians, 
as well as to the referring physician. Another re- 
sponsibility of equal importance is to screen a 
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youngster’s cognitive, motor, linguistic, and sociai 
development so that appropriate referrals can be 
made at the earliest possible time, thus assuring 
comprehensive rather than fragmented service de- 
livery. What is being suggested is that clinicians 
who work with young children must not only be 
competent in the various aspects of clinical audi- 
ology, but must also be insightful as to early child- 
hood development and to the importance of effec- 
tive parent education, guidance, and counseling. A 
decade ago, few universities with training programs 
listed even a single course in child audiology. To- 
day, pediatric audiology is viewed as core curric- 
ulum in many graduate training programs, certain- 
ly a major step forward. 


AUDIOLOGIC EVALUATION OF PERIPHERAL 
IMPAIRMENTS 


In 1968, Matkin et al presented a preliminary 
critique of an auditory test battery for use with 
pediatric cases.’ At that time, the shortcoming of 
relying upon unconditioned behavioral responses to 
broadband stimuli such as speech, music and 
assorted noisemakers presented via loudspeakers 
was highlighted. Subsequent clinical investigation, 
as well as a recent article by Coleman and Pelson,’ 
confirmed the danger of misclassifying hearing 
status on the basis of an informal unconditioned ap- 
proach. So the recommendation was made a decade 
ago that the pediatric audiologist must develop a 
battery of behavioral conditioning techniques 
which successfully could be utilized with a broad 
spectrum of children representing very different 
cognitive and motor developmental levels. At pre- 
sent, there appears to be wide acceptance of the 
necessity to utilize such a battery as outlined in 
Table 1 if one is to maintain a high success rate 
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TABLE 1. AUDIOLOGIC PEDIATRIC TEST BATTERY FOR 
PRESCHOOL CHILDREN 
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Conditioned Play Audiometry 

Tangible Reinforcement Operant Conditioned Auciometry 
Visual Reinforcement Audiometry 

Supplement With: 


Impedance Study 
Sound Field Localization Study 


when assessing the auditory sensitivity cf young 
children. In addition to the conditioning techniques 
initially described which can be used either during 
air conduction or bone conduction testing, ear- 
phone or sound field testing, aided or unaided 
testing, the merits of supplementing suck behav- 
ioral measures with an impedance study as well as 
the assessment of sound field localization at both 
faint and average conversation levels heve been 
recognized. 


Electrophysiological measures, such æ brain- 


stem-evoked response audiometry, are thea viewed 
as viable alternatives to the behavioral test battery. 
It must be recognized, however, that cbtaining 
auditory response data from a youngster under 
sedation through the utilization of electrophysio- 
logical techniques often reveals little about a child’s 
functional use of hearing for integrating and pro- 
cessing auditory information during optimal peri- 
ods of language learning. As pediatric auciologists 
have increased their success in obtaining detailed 
information regarding auditory sensitivity during 
the very early years and then have followed such 
children’s development over time, it has be#ome ap- 
parent that two youngsters with very similar 
audiograms may function very differently in terms 
of their utilization of residual hearing. Thus, the 
need for a developmentally based battery of audi- 
tory discrimination materials has been recognized. 
Unfortunately, with the exception of such studies as 
those of Leepa and Rintelman,’® Schwartz * Hieber 
et al,’ and Erber and Alencewicz,® limited-research 
and clinical investigation have been undertaken in 
this critically important area. The obvicus chal- 
lenge is to identify and develop appropriate mater- 
ials for clinical utilization which contaix stimuli 
within the child’s linguistic and/or non inguistic 
auditory repertoire. 


Despite present limitations, it does appear that 
many clinicians recognize the critical importance of 
assessing not only auditory sensitivity but also the 
ability of the child under study to process nforma- 
tion presented at suprathreshold levels. Certainly 
one of the challenges in the future is to further stan- 
dardize and refine an auditory discriminztion test 
battery for children so that realistic levels of expec- 
tation can be established at a relatively ear y age by 
better understanding the limitations impcsed by a 
particular auditory impairment. 


Clinical experience further suggests that the 


TABLE 2. A PARTIAL LIST OF RECOMMENDED 
MEASURES FOR CENTRAL AUDIOLOGIC TESTING 
WITH CHILDREN 
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Monosyllabic Words 
Low-Pass Filtered 
Time Compressed 
Unfiltered in 

Noise Competition 
Speech Competition 
Staggered Spondees 
Binaural Fusion-Spondees 
Competing Sentences 
Alternating Sentences 
Dichotic Listening 
C V Syllables 
Words 
Sentences 

Masking Level Differences 
Pure Tones (500 Hz) 
Speech 

Pitch Pattern Recognition 
Hummed Response 
Tapping Response 


presence of additional handicapping conditions 
may be identified at a much earlier age if attention 
is focased on the child’s response behavior as well as 
upon the intensity level needed to obtain a minimal 
response level. Consideration of whether or not the 
behavioral conditioning technique used is age-ap- 
propriate and of other issues such as the number of 
condi-ioning trials initially required, the main- 
tenance of the conditioned bond over time, the 
child's ability to transfer such conditioning across 
varioas auditory test signals, as well as the young- 
ster's reaction time, all yield information which in 
my judgment should be routinely recorded and ana- 
lyzed when recommendations for additional evalu- 
aticn: are considered. The need for objectifying 
such clinical observations is apparent. 


CENTRAL AUDIOLOGIC TESTS 


As mentioned earlier, referrals to audiology for 
assessment of normal-hearing children suspected of 
having deficits in central auditory processing are in- 
creasing. A review of the literature reveals that a 
number of different procedures have been desig- 
natec for clinical utilization, either as screening 
measures or as diagnostic tests.” In mzany instances 
such measures are based on modification of audio- 
logic tests which have been used for some years with 
adult patients suspected of having either brainstem 
or cortical lesions. Table 2 illustrates a partial 
listing of measures which have been recommended 
for use either singly or as a test within a central 
audiclogic test battery for children. 


While the potential role of the peciatric audiol- 
ogist in assessing normal-hearing children with de- 
viamt auditory behavior undoubtedly will expand in 
future years, I would like to express two major con- 
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cerns, First, while central auditory tests have been 
used with the adult population in an attempt to 
identify specific sites of lesion within the central 
auditory pathways, the interpretation of similar 
tests with children having either minimal or no 
detectable neurological symptomatology must be 


questioned. In ether words, the question must be 


raised as to whether one should be evaluating a 
child with specific auditory learning problems in 
terms of site of lesion or instead in terms of type of 
auditory dysfunction. Secondly, it is naive to use 
such tests without considering the youngster’s per- 
formance cn auditory processing measures as used 
by a language or learning disabilities specialist and 
the relationship to academic performance. In other 
words, deviant response patterns on a central 
audiologic test battery in and of themselves have lit- 
tle meaning without considering the implications 
for educational and remedial programming. Thus 
central audiologic testing should be viewed not as a 
specialty evaluation but as a component of a multi- 
disciplinary team assessment. 


A multidisciplinary pilot study currently being 


conducted at the Boys Town Institute indicates that 
a number of research needs should be considered if 
central audiologic testing is to become a routine 
audiologic procedure in future years. First, each 
central audiologic test should be evaluated in terms 
of the auditory processing task (or tasks) being 
tapped and the influence of the child’s mode of re- 
sponse upon the performance score. Also, develop- 
mental performance data for average children in 
terms of both their score and reaction time must be 
established for reference. Another area of research 
need is that the sensitivity and the specificity of 
each central audiologic test as a screening measure 
should be determined relative to the type of learn- 
ing disability under study. In addition, the correla- 
tion of various central audiologic and auditory pro- 
cessing tests as diagnostic measures should be 
established relative to various types of learning 
disabilities. (As an aside, I am suggesting that the 
term “learning disabilities” should be viewed as a 
generic rather than as a specific classification.) 
Finally, patterns of response on a battery of central 
audiologic tests should be established relative to 
various learning disabilities groups. 
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IMPEDANCE AUDIOMETRY 


GUNNAR LIDEN, MD 


GOTEBORG, SWEBEN 


After a review of the development of acoustic impedance measurements, the principles of tympanometry, statie compliance and 
measurements of the middle ear reflexes are described. The interpretation of t.mpanometry is done by analyzing three essential features: 
pressure, amplitude and shape. The influence of high probe tones on the shape of the tympanogram and the possibility of analyzing the 
stiffness-mass relationship are pointed out. Impedance screening has supplemented tone screening on 5,886 seven-year-olds in five separate 
investigations from 1972 to 1978. In the last and most conclusive investigation ca 1,027 children, the otologist found 6% pathological ears. 
Stapedius reflex threshold testing (ipsilateral stimulatien), criterion level 110 d5 SPL rated 7.8% of the ears as abnormal. Tympanometry 
resulted in 6.5% pathological ears and tone screening at 0.5 kHz 1.9% . Based on these results the following screening procedure is recom- 
mended: tone screening at 0.5 and 4.0 kHz supplemented by tympanometrv. A middle ear pressure of < ~ 150 mm HO, or a flat tym- 
panogram and/or tone screening levels * 20 dB HTL at 0.5 kHz and/or 4.0 kHz are considered at indicative of ear pathology. Children 
failing the screening test should have a repeat test after four to six weeks at school and only those who do not pass at this time should be 


referred to an otologist. 


INTRODUCTION 


Thirty years ago, Metz presented his pioneering 
work on clinical measurements of acoustic impe- 
dance of the ear which enabled both static and 
dynamic acoustic impedance to be determined.' In- 
strumentation and techniques have advanced con- 
siderably since. In order to eliminate some of the 
technical difficulties in the Metz bridge, Zwislocki 
introduced the probe-tane technique for «absolute 
impedance measurements.? Advanced laboratory 
analyses of the function of the middle ear have been 
accomplished with this and similar equipment. I 
only need to remind you of some of the works by 
Zwislocki,*?’ M@ller,* Dallos,* and Lilly.° 


The next step towards progress in clinical mea- 
surements was the introduction of the mechanical 
acoustic impedance bridge by Zwislocki in 1963,’ 
and the electroacoustic bridge by Terkilesen and 
Scott-Nielsen in 1960.* Both of these bridges have 
since become commercially available. The former 
has been replaced by Grason-Stadler oto-admit- 
tance meter. 


The clinical importance of acoustic impedance 
measurements, or impedance audiometry. as it is 
usually called nowadays, has increased encrmously 
during recent years. The basic impedance test bat- 
tery includes tympanometry, static compliance and 
the measurement of the middle ear reflexes. Al- 
though each of these tests provides diagnostic infor- 
mation about the function and integrity of the audi- 
tory mechanism, a combination of the results of all 
three gives a more complete clinical picture and can 
be recommended strongly. 


The principles underlying impedance audiometry 
as well as its clinical usefulness are well docu- 
mented. It will suffice then, to give a survey of some 
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of its clinical applications, thus saving time for 
discussing where we stand today in the ues of impe- 
dance audiometry for screening midcle ear disease 
in school children. 


Tympanometry. Tympanometry is an objective 
method for evaluating the mobility of the tympanic 
mem rane and the functional condition of the mid- 
dle ear. Tympanometry displays changes in ear- 
dram: compliance as the air pressure is altered in the 
external ear canal. Depending on the construction 
of the measuring instrument, the tympanogram can 
either indicate a change in the impedance or in the 
admittance, which is the inverse of impedance. The 
tympanogram has its impedance minimum pointing 
dowrewards or its corresponding admittance maxi- 
mum upwards. 


Tympanograms are interpreted by analyzing 
three essential features: pressure, amplitude (static 
aceustic impedance or compliance) and shape. The 
presence of even moderate underpressure in the 
midde ear usually abolishes the stapedius reflex. 
Thus tympanometry should always precede other 
impedance tests. Until recently, tympanometry has 
most commonly been performed with a 220 Hz 
prebe tone frequency. Three types of curves are 
well established (Fig. 1 A-C). The mast common is 
the V-shaped curve with normal amplitude of the 
peak indicating good mobility of the middle ear 
system and maximum flow of acoustie energy at at- 
mospneric pressure. A peak at negative pressure re- 
flects underpressure in the middle ear, indicating 
eustachian tube blockage. The third type shows a 
flat or relatively flat curve commonly. found in per- 
forated tympanic membrane, serous otitis media, 
anc chronic adhesive otitis. With the use of high 
frequency probe tones (800 Hz) two more clinically 
useful types of tympanograms can be recognized 
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Fig. 1. Five fee of tympanograms indicating normal 
and pathological middle ear mechanism. Probe tone fre- 
quency 800 Hz. A) Compliance of the eardrum is greatest 
at ambient air pressure. B) Virtually no change in the com- 
pliance of the pane with a change in air pressure, C) In- 
dicative of negative pressure in the middie ear. D) Ear- 
drum has an atrephic scar. E) Result of ossicular discon- 
tinuity. 


(Fig. 1 D, E).?'' The sharp W curve appears when 
the eardrum has an atrophic scar or is very hyper- 
mobile. The soft undulating W tympanogram is the 
result of ossicular discontinuity. Patients who have 
had a stapedectomy with a steel wire replacement 
show the same type of board and deep undulating 
notching pattern (Fig. 2). 


Some clinicians question the value of high fre- 
quency tympanometry. Feldman, however, points 
out its value in eonnection with static acoustic im- 
pedance measurements.'? The presence of a healed 
eardrum perforation may mask the occurrence of 
stapes ankylosis in such measurement by turning 
high acoustic impedances into low ones. Thus, from 
a diagnostic viewpoint it is important to obtain a 
high frequency tympanogram, preferably with 800 
Hz, before measuring static acoustic impedance. 
With this exception, the sharp W tympanogram is 
of minor clinical interest because it can also be 
found in subjects with normal-looking but very 
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Fig. 2. High frequency tympanogram (800 Hz) in a 
stapedectomized ear (steel wire and perichondrium). 


mobile eardrums. The broad, smoothly undulating 
tympanogram, which changes its directions with in- 
duced negative and positive air pressure changes, is 
easy to separate from the sharp double peak tym- 
panogram and is important as it indicates interrup- 
tion of the ossicular chain. 


Another advantage with high frequency tym- 
panometry is the possibility of analyzing the stiff- 
ness-mass relationship of the ear. A discontinuity of 
the ossicular chain lowers the resonant frequency of 
the middle ear and makes the transmission system 
mass-controlled. Externally applied negative or pos- 
itive air pressure changes in the ear canal increase 
the stiffness factor and, if sufficiently close to the 
resonant frequency shifts the direction of the tym- 
panometric curve. This can be demonstrated with 


an 1720 oto-admittance meter in combination with a 
computer." The G, B and Y tympanograms with a 


660 Hz probe tone are converted into resistance (R), 
reactance (X) and acoustic impedance (Z) in the 
plane of the drum. Figures 3 and 4 show this con- 
version in a normal hearing subject and in a patient 
with complete ossicular interruption, respectively. 
Figure 4a shows how the B tympanogram has an 
undulating pattern and Figure 4b the correspond- 
ing acoustic reactance on the X curve. As can be 
seen, the X tympanogram is positive close to am- 
bient air pressure in the ear canal but becomes 
negative with changes in air pressure in either a 
negative or positive direction. There is a change 
from mass to stiffness control when the reactance 
curve passes through the resonant point, zero, and 
turns from positive to negative. This phase shift is 
displayed in tympanograms as a change in direc- 
tion. As a rule, the larger the distance between the 
zero crossings of the reactance curve, the more un- 
dulating and broad the tympanogram will be. 
Small differences between the zero crossings will 
give sharp W tympanograms, The irregular shape 
of the high frequency tympanogram due to the 
change of sign in acoustic reactance close to 
resonance has diagnostic value, especially in cases 
with an intact tympanic membrane, conductive loss 
and unclear diagnosis. 


Static Compliance. Compliance, or mobility of 
the middle ear, is demonstrated by the amplitude of 
a tympanogram. It can also be measured separately 
and expressed in absolute units of volume, impe- 
dance or admittance. The measurement unit usual- 
ly employed is volume, expressed in cubic centime- 
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Fig. 3. Normal subject. Probe tone 660 Hz. a) © and B 
curves. Y and Z calculated. b) Impedance values in the 
plane of the drum. (From Lidén et al. Reprinted with 
permission) 


ters. Low compliance values indicate high impe- 
dance. There is a considerable overlap between 
compliance findings for subjects with normal ears 
and those with middle ear pathologies. The static 
compliance measure thus is considered the least 
reliable test in the impedance battery. 


As already mentioned, the presence of an 
overlooked healed perforation of the tvrapanic 
membrane in a patient with a conductive hearing 
loss presumably due to stapes fixation will tern ex- 
pected high acoustic impedances into low enes and 
thus obscure the diagnosis. In cases with an intact 
tympanic membrane and conductive hearing loss, 
very low acoustic impedance values indicate cisrup- 
tion of the ossicular chain. 


The static compliance measure can be used as a 
physical volume test in order to evaluate the intact- 
ness of the tympanic membrane. A large vc_ume in 
a case with a flat tympanogram usually indieates a 
perforated tympanic membrane or an opem venti- 
lating tube. Normal or low physical volumes are 
common in serous otitis media. 


Intra-aural Muscle Reflexes. Among the impe- 
dance tests the intra-aural muscle reflexes heve the 
greatest diagnostic value. These measurements are 
primarily based on electroacoustic recordings of the 
activity of the intra-aural muscles as manifested by 
the sound-reflecting properties of the tymp: 
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rip. 4. Ossicular interruption. a) G and B curves. Y and 
a ealculated. b) Corresponding impedance values in the 
plane of the drum. (From Lidén et al.“ Reprinted with 
permission) 


membrane. The tensor tympani muscle reflex elic- 
ited by air-jet stimulation is of minor importance 
compared to the acoustic stapedius reflex. 


The acoustic stapedius reflex test should, if possi- 
ble, ke employed with both ipsilateral and contra- 
lateral stimulation. Cutaneous or tactile stimula- 
tion sould not be forgotten if there is no response to 
acoustic stimulation, 


The clinical usefulness of the acoustic stapedius 
reflex is based on the answer to two simple ques- 
tions: 1) Is the acoustic reflex present or not? and 2) 
If the reflex is present, what is its threshold? Since 
middie ear pathology precludes tympanic mem- 
brane compliance changes, the acoustic reflex can 
be exzected to be absent in ears with conductive 
hearing loss regardless of the size of the air-bone 
gap. Conversely, and from a practical clinical view- 
point. the presence of an acoustic reflex excludes 
middle ear pathology in ears with normal tympano- 
grams. 


The determination of acoustic reflex thresholds 
can be used as an objective recruitment test in ears 
with sensorineural hearing loss. As long as the loss is 
less than about 60 dB HL and the reflex is elicited 
within the normal stapedius reflex range of 75-95 
dB HL, there is a high probability that the hearing 
loss is ef cochlear origin. An elevated stapedius re- 
flex threshold or a nonelicitable reflex in an ear 
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methods and oto=opy. 


with normal tym panogram has high significance in 
the cochlear-retsocochlear evaluation. A pathologi- 
cal stapedius ref ex decay test gives further support 
to retrocochlear pathology." 


By using crossed and uncrossed acoustic reflexes, 
an evaluation ef suspected brainstem lesions is 
possible. These measurements are a great step for- 
ward in neurozeudiological diagnosis which will 
help to strengthen the position of clinical audiology 
in medicine. 


The wide rarge of clinical application of the 
intra-aural reflexes has been summarized in Table 1. 


Impedance Audiometry and School Screening. 
Impedance aud ometry for screening middle ear 
disease in sehool children has attracted considerable 
interest in recent years. It has been emphasized that 
tone screening is unreliable and results in too many 
false negatives.'* Our goal has been to find a screen- 
ing procedure waich coincides better with otoscopic 
findings and whech does not overlook subjects with 
sensorineural hearing loss. On a research basis we 
supplemented pare tone screening with impedance 
audiometry. The results of pure tone screening were 
classified as patl ological if hearing thresholds were 
elevated >20 GB HL re International Standards 
Organization (ISO) 1964 at two or more frequen- 
cies. In order to arrive at an impedance criteria 
which minimizes both false positives and false 
negatives, five different studies, each using dif- 
ferent criteria, were accomplished. During the first 
four years we used a single impedance and tone 
screening, but repeated screening, according to 
Brooks, wes adepted during the last two years." 
During the last mentioned period, tone screening 
was shortened tò include only 0.5 and 3.0 kHz. In 
spite of this, the test battery was still considered too 
time-consuming for screening purposes. However, 
we found it very difficult to decide which of the im- 
pedance tests should be excluded and what criteria 
should be recommended. Finally, after finishing 
the fifth and last study, we feel confident in making: 


TABLE 1. CLINICAL APPLICATIONS OF IMPEDANCE 
AUDIOMETRY 


Tympanometry 
Determines mobility of tympanic membrane and functional 
condition of middle ear, using 
Pressure 
Amplitude — static compliance 
Shape 
Probe tone frequency 
Diagnostic application 
Intra-aural muscle reflexes 
Measure and record intra-aural reflex activity 
Differentiate between conductive pathologies 
Differentiate between conductive and sensorineural hearing loss 
Objectively test recruitment 
Differentiate between cochlear and retrocochlear hearing loss 
Investigate suspected brainstem lesions 
Estimate hearing threshold and dynamic range 
Detect malingering and psychogenic deafness 
Localize paralysis of the seventh nerve 
Test eustachian tube function 
Verify patulous eustachian tubes 
Identify normal-hearing carriers of genes for deafness 
Identify the tonic tensor syndrome 
Test trigeminal motor function 


Impedance audiometry for screening 


such a recommendation. The following review will 
tell how we reached this conclusion. 


One of our first studies in 1972 comprised 206 
ears of randomly selected ten-year-olds.'? The im- 
pedance screening was performed with a Madsen im- 
pedance meter ZO-61. The stapedius reflex thresh- 
old (SRT) was measured by contralateral stimula- 
tion. The tympanogram was classified as abnormal 
when the maximum compliance occurred at an un- 
derpressure of < — 80 mm H,O or if no compliance 
maximum could be identified, ie, a flat curve. The 
stapedius reflex threshold was considered abnormal 
when higher than 95 dB HL at 500 Hz. Our refer- 
ence points at that time were adults in whom + 25 
mm H,O pressure and stapedius reflex thresholds 
ranging from 75-95 dB HL were considered normal. 
Based on these criteria we found 1.5% pathological 
ears with screening audiometry, 8% with otoscopy, 
12% with tympanometry and 35% with stapedius 
reflex testing. 


The high percentage of pathological values with 
impedance audiometry compared to otoscopy en- 
couraged us during 1973-1974 to expand the first in- 
vestigation to a larger population of 1,600 ears on 
800 nonselected seven-year-olds. We also moved the 
pressure criterion to < — 150 mm H,O. Abnormal 
stapedius reflex thresholds criteria were set at 100, 
105 and 110 dB HL. This investigation resulted in 
6.5% pathological ears with screening audiometry, 
9.8% of the ears had middle ear pressure < — 150 
mm H,O, and in addition 2% had flat tympano- 
grams. Depending on the stapedius-reflex threshold 
criterion selected, we got from 13 to 33% abnormal 
ears. During 1975-1976 we routinely screened 7,180 
ears on nonselected seven-year-olds with only tym- 
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TABLE 2. REPEATED SCREENING AUDIOMETRY 


COMPARISON WITH CLINICAL ASSESSMENT ON 2, 


Screening | 


(0.5 AND 3.0 kdz) AND IMPEDANCE AUDIOMETRY IN 
054 EARS ON 1,027 NONSELECTED SEVEN-YEAR-OLDS 


Failures (% ) 


Screening 2 Clinical 


Methods dB kHz RE LE RE LE RE LE 
Tone > 20 HL 0.5 4.4 2,1 3.3 1.5 19 1.8 


Threshold 20 HL 3.0 2.2 3.4 L3 16 LS h7 
SRT CL =110 HL 1.0 15.4 15.6 11.4 11.3 8.2 7.6 
SRT IL =110 SPL 1.0 14.9 14.7 10.8 11.1 GO TA 
Pressure <= — 150 mm H,O 7.9 8.8 6.1 7.6 0.2 5.3 
Flat tympanogram (FT) la 13 Lo. 07 1.3 1.0 
Pressure < — 150 mm H,O & FT 9.2 10.1 1.6 8.3 6.5 6.3 
Otoscopy 6.0 5.6 
Serous otitis without effusion 3.2 2.6 
Serous otitis with effusion 16 1.9 
Wax 0.8 0.5 
Various 0.4 0.6 
RE - Right ear; LE - Left ear; HL - Hearing level; SRT - Stapedius reflex threshold; SPL - Sound pressure level; CL - Contralateral; IL - Ipsilateral. 


panometry and a pure tone sweep check test. The 
distribution of air pressure in the middle ear showed 
that 90% of the ears had pressure > -— 150 
mm HO, and the results were in very good agree- 
ment with the 1973-1974 investigation on 1,600 
ears. If a flat tympanogram was used as a single in- 
dicator of middle ear pathology, we found 2.3% 
pathological ears in the 1975-1976 investigation 
compared to 2% the year before. Only 74% of 
those with flat tympanograms also had abnermal 
tone screening. '® 


Brooks has shown very convincingly that most 
children have a stable middle ear function or only 
an occasional isolated episode of serous otitis media. 
Only a minority of the school children being 
screened have persistent middle ear trouble. The 
best single indicator of this group, accordimg to 
Brooks, is the absence of middle ear muscle reflexes 
at two repeat tests separated in time by about six 
weeks. With this approach in mind, we revised our 
1976 screening program to include tympanometry, 
stapedius reflex threshold measurements at 0.5, 1.0 
and 2.0 kHz and screening audiometry as 0.5 and 
3.0 kHz. The impedance screening was performed 
with a Madsen impedance meter (MZS-76) using 
contralateral stimulation. The criteria were kept as 
before. If a child failed any one of these tests, a 
repeat test was done at school four weeks later. 
Those who failed the second screening were re- 
ferred to the Otoaudiological Department for com- 
plete clinical evaluation to take place a couple of 
weeks later. Due to a mishap only 366 children had 
two complete repeat tests at school which could be 
used in the final evaluation of the 1976-1977 study, 
Based on the results of this investigation, we were 
willing to agree with Brooks that two repeat screen- 
ing tests diminished the number of false pos: tives 
referred to the otologist. At the first screening 27 % 
of the children failed one or more of the tests. Four 
weeks later the children were more healthy, leaving 
12.5% of the children for a final clinical investiga- 
tion which was performed two weeks later, At the 


final investigation 9.6% of the children failed. The 
results of screening and of otoscopy of the 1976-1977 
study were reported in 1977 in Nashville at the Sym- 
posium on Impedance Screening for Children.'? 
The otologist found 6.5% of the children to have 
pathological ears, tympanometry gave 5.2% abnor- 
mal subjects, the stapedius reflex threshold test 
(criterion =>110 dB HL) 7.6% failures and tone 
screening at 0.5 kHz 2.7% failures. The crucial 
question as to whether the stapedius reflex test or 
the midcle ear pressure should be used singly or in 
combination was not solved in this investigation 
and needed further evaluation using stapedius re- 
flex testing with ipsilateral stimulation. 


Due to the courtesy of Madsen,* the 1977-1978 
screening program could be repeated with an im- 
pedanee meter allowing both ipsilateral and con- 
tralateral stimulation.?? The complete testing pro- 
gram with two repeat screenings at schoel has been 
carried out with 1,027 children seven years of age. 
The results are shown in Table 2. The experienced 
otologist found 6% pathological ears, the stapedius 
reflex using ipsilateral stimulation and a eriterion of 
>110 dB SPL gave 7.8% failures and tympano- 
metry 5.5%. Tone screening at 0.5 kHz resulted in 
only 1.9% abnormal ears. It should be mentioned 
that a complete audiogram was obtained at the 
time of referral, and only the frequencies 4.0 and 
8.0 kHz gave a higher percentage of abnormal 
values than 0.5 kHz. They were 2.1 and 3.2 respec- 
tively. 


If we transform the percentage figures of the ab- 
normal impedance and tone screening values into 
the number of patients and relate them to the 
otoscopie findings normalized to 100, we can easily 
see how the different tests are ranked. Figure 5 
shows that the overreferral to an otologist is about 
30-40% for stapedius reflex threshold testing using 
a 110 cB borderline for pathology. Ipsilateral mea- 
surements at 1.0 kHz are somewhat better than con- 
tralateral ones according to this study. Tympano- 


*Madsen Electronics, Oakville, Ontario, Canada. 
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metry looks, however, superior with only about 
10% overreferrals. Tone screening at 0.5 kHz gives, 
however. an underreferral of about 70% . 


The results of our study have been computerized. 
Different criteria and correlations have been 
carefully anelyzed. Based on this information we 
consider tympanometry with the determination of 
the middle ezr pressure as the method of choice for 
impedance screening. An analysis of the tone 
screening resilts suggest that 4.0 kHz replace 3.0 
kHz. 

In Sweder, then, we are now ready to recom- 
mend tympaiometry together with tone screening 
at 0.5 and 4.) kHz as a mass screening procedure. 
The acceptec borderlines for ear pathology are mid- 
dle ear pressure values of < — 150 mm H:O or a flat 
tympanogram and/or hearing threshold values 
higher than 20 dB re ISO, 1964 at 0.5 kHz and/or 
4.0 kHz. 


SUMMARY 


After a rev-ew of the development of acoustic im- 
pedance mezsurements, the general principles of 
impedance audiometry consisting of tympano- 
metry, static compliance and measurements of the 


middle ear reflexes are described. The interpreta- 
tion of tympanometry is done by analyzing three 
essential features: pressure, amplitude and shape. 
The influence of high probe tones on the shape of 
the tympanogram as well as their clinical applica- 
tions are discussed. The possibility of analyzing the 
stiffness-mass relationship is pointed out. The wide 
range of clinical applications of tympanometry and 
intra-aural reflexes is summarized in Table 1. 


Impedance screening has supplemented tone 
screening on 5,886 seven-vear-olds (11,772 ears) in 
five separate investigations trom 1972 to 1978. In 
the last and most conclusive investigation of 1,027 
children, the otologist found 6% pathological ears. 
Stapedius reflex threshold testing (ipsilateral 
stimulation), criterion level 110 dB SPL rated 7.8% 
of the ears as abnormal. Tympanometry resulted in 
6.5% pathological ears and tone screening at 0.5 
kHz 1.9%. Based on these results the following 
screening procedure is recommended: tone screen- 
ing of 0.5 and 4.0 kHz supplemented by tympano- 
metry. A middle ear pressure of <—150 mm 
H,O,or a flat tympanogram and/or tone screening 
levels > 20 dB HTL at 0.5 kHz and/or 4.0 kHz are 
considered as indicative of ear pathology. 
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ELECTROPHYSIOLOGIC AUDIOMETRY 
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OMAHA, NEBRASKA 


The utility of the brainstem evoked response (BER) as a test of peripheral auditory sensitivity in infants and young children is dis- 
cussed. Two cases are presented to illustrate the application of this technique in multiply handicapped children. 


Audiometric procedures based on patients’ volun- 
tary responses have proven to be satisfactory for the 
assessment of auditory function in the majority of 
individuals. There are, however, certain popula- 
tions such as malingerers that cannot be satisfactori- 
ly tested. In addition, even the best trained staff 
utilizing a pediatric test battery’ cannot effectively 
evaluate approximately 5 to 10% of the children. 


In order to evaluate these difficult populations, 
diverse attempts have been made to develop indi- 
rect measures of auditory function. The ultimate 
goal is to eliminate all reliance on the patient’s 
behavior from the testing procedure and thus 
achieve a true objective test of hearing. These 
measures have included but not been limited to 
physiological variables such as conditioned elec- 
trodermal response, cochleopapebral reflex (eye- 
blink reflex), heart rate, respiration, impedance- 
admittance and the auditory evoked potentials 
(AEP). As the body of literature relevant to these 
procedures is too vast to permit detailed citations, 
recent reviews*® should be consulted. Although 
each of these measures has been clinically utilized at 
one time or another, only the AEP and impedance- 
admittance’ have shown sufficient clinical produc- 
tivity to be currently employed. However. neither 
procedure is a stand-alone test and both should be 


dBHL 


Fig. 1. Typical BER recorded from a subject with nor- 
mal hearing consisting of a series of seven waves (I-VII) oc- 
curring in the first 10 msec following a brief click. In this 
and all subsequent figures the parameters are: vertex 
positive up; N= 10834; sweep time= 10.24 msec: 
gain = 100,000: bandpass = 100-3000 Hz; intensity levels 
are in dB HL re normal hearing population; rate = 12 
rarefaction clicks per second. 


interpreted only in conjunction with results from 
other measures of auditory sensitivity. 


The excellent monograph by Davis* compares 
and centrasts the clinical utility of each of the AEP 
compenents. He concluded, and other clinicians 
and researchers agree, that of these components the 
brainstem evoked response (BER) is the most pow- 
erful measure presently available for clinical use. 
Since we agree with this conclusion, the remainder 
of this text will focus on the BER and its clinical ap- 
plicability. 


The BER, as originally described in man by 
Jewett and Williston,’ consists of a series of seven 
waves occurring in the first 10 msec following the 
onset of a brief click or tone pip as seen in Figure 1. 


Presently available clinical and research evidence 
suggests that these waves may have the following 
origins: 1) nerve VIII; 2) cochlear nucleus; 3) 
superior olivary complex; 4) midbrain; 5) inferior 
colliculus; 6) medial geniculates and 7) possibly the 
auditery radiations.” '? 


The monotonic increase in wave V latency with 
progressive decreases in stimulus intensity is highly 
reprocucible both within and between subjects as 
seen in Figure 2. As a result, the latency intensity 
function for wave V is considered to be a reliable 
reflection of auditory sensitivity. Figure 3 shows the 
percentage occurrence of “measurable” waves in 
the BER as a function of intensity. It clearly shows 
the occurrence of wave V is stable down to thresh- 
old levels in normal hearing populations. 


Ga ambos and his associates’>-'* have also shown 
that the BER provides direct information about 
neural maturation. Since this neural maturation 
proceeds at different rates in the peripheral and 
central auditory pathways in infants,'®!? pro- 
gressive changes occur in both the latency and 
morphology of the BER. Adult morphology and 
latency is generally obtained by about 18 months 
postterm. 


In addition, the BER is generally thought to be 
unaffected by the patient’s state (awake, asleep or 
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Fig. 4. (Case 1) BER obtained following monaural stimulation at the levels indicated. 
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Fig. 5. (Case 2) BER obtained at levels indicated. 


sedated) and can be utilized with any age range; 
electrode placement does not require surgical pro- 
cedures; response can be isolated to each ear with 
little or no masking unless high intensity levels are 
employed; rapid click rates (up to approximately 88 
per second) can be utilized to decrease evaluation 
time; and the possibility for testing at specific fre- 
quencies is rapidly becoming available. 


All of these factors combine to make the BER well 
suited for evaluating difficult-to-test children such 
as the severely retarded or autistic child and the in- 
fant at risk for a hearing loss. The BER has also 
proven valuable in evaluating such clinical prob- 
lems as suspected neuropathology involvimg the 
auditory pathways, nonorganic and/or compensa- 
tion cases and true psychogenic losses. 


The value of the BER as a clinical tool is best il- 
lustrated with case discussions. 


CASE REPORTS 


Case 1. This five-year-old female was the product of a normal 
pregnancy and delivery. Her seizures, which began at six months 
of age, are presently controlled by phenobarbital (30 mg 3"/, times 
per day) and Dilantin® (50 mg 2'4 times per day). Although her 
initial motoric skills were not significantly delayed (walked 
without support at nine months), her parents suspected problems 
by 12 months since she was not babbling or utilizing any speech 


utterances. She was evaluated at that time and diagnosed as mild- 
ly retarded of unknown etiology. Her inability to cooperate in 
subsequent hearing evaluations resulted in audiological reports 
ranging from estimates of normal sensitivity to a profound hear- 
ing loss. Thus, she was referred for BER evaluation. 


The BER exam was conducted under halothane anesthesia as 
previous attempts to sedate her for medical examinations resulted 
in severe paradoxical reactions. Figure 4 shows replicable BER 
recorded down to 30 dB HL from the left and the right ears. The 
interwave and wave V latencies for these responses were within 
normal limits. This information, in conjunction with an im- 
pedance study, confirmed the fact that no more than a mild high 
frequency hearing loss was present. Educational planning could 
be accomplished without consideration of amplification. 


Case 2. A seven-year-old female was diagnosed as a Cornelia de 
Lange syndrome with mental retardation, retarded growth, and 
pulmonary stenosis. She was also prone to bouts of serous otitis 
media. The ENT examination showed the left tympanic mem- 
brane to be normal and the right tympanic membrane to be 
retracted but with no apparent effusion. 


Figure 5-shows BER elicited following monaural stimulation of 
the left and right ears. The replicable BER seen on the left as 80 
and 90 dB HL occurred with normal wave V latencies. Only a 
questiona dle response was seen on the right at 100 dB HL. These 
responses are consistent with a severe sensorineural loss on the left 
and a profound sensorineural loss on the right. On the basis of this 
evaluation, a decision was made to place trial amplification on 
the left ear. Subsequent definitive improvements in the child’s be- 
havior have been noted by both the parents and her teacher in the 
Deaf-Blind Program. 


Although the BER is definitely a clinically effec- 
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tive objective test of auditory sensitivity, it is not a 
stand-alone prccedure. It is essentially a high fre- 
quency phenomena and is significantly affected by 
different audiometric configurations? and presence 


or absence of conductive pathology and neuropath- 
ology which may or may not be related to auditory 
function. Above all, it is not a test of auditory pro- 
cessing. 
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Vestibular evaluation in the pediatric population has in the past taken several forms. For the most part, the pediatric vestibular 
evaluation has been more subjective than objective. One of the primary reasons for this has been the obvious difficulties encountered in try- 





ann, 


ing to conduct a standard, adult electronystagmography 


EMG) procedure on a peczatric patient population not capable of performing in a 


manner conducive to a good ENG recording. The purpose ef this paper is to suggest certain modifications of the standard adult ENG bat- 
tery for use with young children and infants. Discussion eousists of modifications n the areas of various ocular movement tests including 
sinusoidal pursuit, calibration, optokinetics and gaze testing, In addition, procedures relative to peripheral vestibular output from perrota- 
tional and caloric stimulation are discussed. Topics also include the use of a closed-lnop caloric irrigator and simultaneous caloric irrigation 
as viable alternatives to standard, alternate water irrigatier when testing the vestibular output of a young child or infant. 


Evaluation of the vestibular system in patients 
presenting with dizziness, disequilibrium, or ver- 
tigo has, at least in theory, become more efteetive 
with the use of electronystagmography (ENG). How- 
ever, the degree of effectiveness is highly dependent 
upon the age of the patient being evaluated. 


The ENG procedure, as we know it today, in'tial- 
ly gained widespread acceptance for its effective- 
ness in the evaluation of an alert and usually coop- 
erative adult population. As a product of thet suc- 
cess, virtually all of the normative data reported in 
the literature were compiled from adults, and con- 
sequently only a limited amount of information is 
available specifically related to ENG findimgs in 
young children and infants. 


Although there are only minimal data available 
relative to ENG procedures with children, «here 
does exist a fair amount of literature reported ia the 
fields of pediatrics, physical therapy, occupational 
therapy, neurophysiology, pediatric otolaryagolo- 
gy, and child neurology dealing with various meth- 
ods (other than ENG) of evaluating the pediatric 
vestibular system.'* For the most part, altiough 
there are a few exceptions, that literature primarily 
concerns itself either with reflexive response tc pos- 
tural change, perrotatory and postrotatory stimula- 
tion, or ice water calorics. Virtually, nothing has 
been reported in the literature in terms of adapting 
the standard adult ENG procedure and applying it 
to young children or infants. We are of course mak- 
ing the assumption that the ENG procedure is the 
tool best suited for pediatric vestibulography. Tha 
assumption may or may not be appropriate to 
make. 


This paper will not discuss the obvious mapor- 
tance of an appropriate medical examination in- 
cluding laboratory and x-ray studies, case history, 
etc, as that has been stressed by several authers in 
the past.':?:> Rather, the scope of this paper w:l) deal 
primarily with a few suggested modifications ef the 
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standard adult ENG battery as applied to young 
childrer and infants. Although the time allotted 
does nof permit an in-depth evaluation of all of the 
current, used procedures in pediatric vestibular ex- 
amination (excluding ENG), I would like to men- 
tion an area that I feel is extremely important and 
should be recognized: namely, early life vestibular 
reflex testing following changes in body posture. 


Briefky, based upon the premise that a mature 
central aervous system (CNS) is essential to a child’s 
development of posture as well as to the develop- 
ment of his gross and fine motor coordination (vis- 
ual fig-zre-ground skills, eye-hand coordination, 
etc), efforts have been made to identify immaturity 
within :his system through the use of such proce- 
dures as visual-evoked potentials,‘ nerve conduction 
studies’ and through the utilization of various body, 
head and limb reflexes in response to postural 
changes. Those reflexes, which appear to be some- 
what dependent upon gestational age, include tonic 
neck (koth symmetrical and asymmetrical), head 
and neck righting, body righting over head, hop- 
ping, buttress, parachute, doll’s eye, etc. The above 
mentioned reflexes, as well as the methods and cri- 
teria fcr their evaluation, are most impressively 
presentzd by Eviatar and Eviatar.* I urge you to 
review that publication for an interesting summary 
of a most significant area of pediatric vestibular 
evaluation. 


Alonz these same lines of investigation, de 
Quiros’ has reported interesting data from a 
longitudinal study which incorporates the previous- 
ly mentioned reflexes as they relate to later life- 
learning disabilities. The author notes that the 
absence of these early life reflexes (at appropriate 
ages) is related to language and/or learning dif- 
ficulties during the school years. Immature, de- 
layed, ər inappropriate CNS function, as indicated 
by the abnormality or absence of these reflexes, may 
have a significant impact upon a child’s abilities in 
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commundcaticen areas such as reading, writing, lan- 
guage coding and organization, etc. As a result, 
many of the cnildren in de Quiros’ study who were 
followed over a period of several years and were 
found tc have some sort of language or learning 
disability at sehool age, failed to show appropriate 
postural reflezes at an early age. Dr. de Quiro’s 
most recent pablication should prove to be interest- 
ing reading fo~ those involved with language, learn- 
ing, and‘or vestibular function of children. 


There also 2xists a good deal of published data 
dealing with vestibular response in infants and 
young children to rotational stimulation and 
stimulation by ice water. +! In the latter area, the 
vestibular response to ice water stimulation in in- 
fants was usually measured by nystagmic duration 
which is a questionably effective means of quantify- 
ing vestibular system activity. In addition, the 
temperature o the ice water stimulus is difficult to 
control. Ever minor changes in water stimulus 
temperature can make a significant difference in 
the resultant -esponse within the vestibular end- 
organ. Also, an ice water stimulus can feverishly 
drive the vestibular system in a manner far different 
from everyda™ ohysiologic vestibular functioning 
and as a resutt, is probably not a very effective 
means of determining actual vestibular response to 
subtle changes in posture or acceleration. The lack 
of pediatric research utilizing a more controlled 
caloric stimulation and an objectively measured 
nystagmie response is likely due to the difficulty in 
adapting the standard adult ENG procedure for use 
with this younger population. 


Before discussing certain modifications of the 
standard ENC battery for use with children, we 
should briefly deal with the question, “Why do an 
ENG on a youag child or infant?” Gates wrote, “It 
is not unusual in neuro-otological practice to dis- 
cover patients with unrecognized vestibular defects 
that occurred :n childhood.” As far back as 1938, 
Still’? stressec the importance of identifying 
vestibular disease in childhood and described some 
of the resultant ssychological sequelae. Since that 
time, there ha: emerged a large body of literature 
dealing with the incidence of childhood vestibular 
disorders such as pediatric benign paroxysmal ver- 
tigo," vertig nous epilepsy,'® '* etc. However, lit- 
tle has been written regarding objectively measured 
vestibular response in children with unilateral or 
bilateral sensorineural hearing loss; postviral 
disease such a. measles, mumps, and meningitis; 
head trauma; monitoring vestibulotoxic medica- 
tions given in the treatment of pneumonia or men- 
ingitis, etc. Tae pediatrician, for instance, may 
want to know that the reason that an 18-month-old 
postmenir gitic child can no longer walk effectively 
is because of bi ateral peripheral vestibular invelve- 
ment or for sone other sequela of the meningitis. 
Eviatar and Ewiatar wrote, “Children with con- 
genital deafness occasionally present with delay in 





the acquisition of postural control and, if tested ap- 
propriately, abnormal vestibular function may be 
demonstrated.”* It has not been a common occur- 
rence to hear reports that a child with bilateral pro- 
found hearing loss will have difficulty walking in 
the dark at night, based upon the assumption that 
deaf children are more fearful and cautious in the 
dark since they have lost that ever so important and 
heavily relied upon input from both the visual as 
well as from the auditory system. In actuality, the 
reason may well be the fact that the child has 
bilateral vestibular disease secondary to whatever 
affected the auditory system. In addition to the 
already absent visual input, absence of vestibular 
input makes the child rely very heavily on his pro- 
prioceptive system to maintain balance. This, of 
course, is very difficult for him to do. 


Use of the standard ENG procedure in adults and 
older children can be quite effective in defining 
whether a vestibular system is functioning inside or 
outside of the normal range and, on many occa- 
sions, can specify site of lesion in terms of being 
either peripheral or central. However, it cannot 
alone effectively specify the actual pathology. The 
physician also must rely heavily upon the case 
history and symptoms in order to place a diagnosis 
on the patient. A child can rarely effectively com- 
municate history or symptoms; thus, it would seem 
particularly important to supplement reflex testing, 
medical examination, etc, with an objective mea- 
surement of vestibular function within this young 
population. Therefore, I would like to suggest to 
you a few modifications of the standard ENG bat- 
tery for use with children under the age of five 
years. 


OPTOKINETICS 


Optokinetic (OKN) tracking can be measured in 
very young children with a drum that fits over the 
child’s head or one that fills a good portion of the 
child’s visual field. I would suggest that in OKN 
testing one not use a hand-held drum; it doesn’t 
work very well with young children. We occasionally 
use projected cartoon characters on the wall and 
this is a fairly good procedure for use with three- 
year-olds but again, below that age level it is dif- 
ficult to obtain a good OKN response. Instead, we 


-use an overhead OKN drum (Tracoustics model 


RN238B) (Fig. 1A) for use with our little ones and 
we find it works very effectively. 


Let me digress for just a moment to discuss an is- 
sue which is probably going to be receiving signifi- 
cant attention in the future. At this point, there is a 
real question in my mind as to whether we are real- 
ly testing the OKN system when we utilize a hand- 
held type of drum, or whether in fact we are actual- 
ly testing the visual pursuit system. I do not think 
that you can effectively test the OKN system unless 
you utilize a stimulus that fills the patient’s entire 
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Fig. 1. A) Over-the-head optokinetic (OKN) drum utilized with infants and young children. B) Symmetrical recording 
of a normal OKN response on an 8-month-old child. C) Infant in mother’s arms while seated in a rocking chair. The child’s 
eyes are fixed on a bright object held overhead and we can inspect for nystagmus in center gaze. D) Child’s head rotates 
around her eyes as the mother rocks in the chair. We can inspect for doll’s head tracking in this manner to note problems 
associated with visual motor defects or ocular muscle palsies. (From Cyr DG. Audiology: An Audio Journal for Continuing 
Education; June 1980. New York: Grune and Stratton. Published with permission.) 


visual field such as that of an all-over-the-head 
drum. Hand-held drums probably measure the vis- 
ual pursuit system rather than the OKN system, at 
least in part. 


Several reports have been presented indicating 
that the OKN tracing cannot be obtained in a child 
under four or five months of age. For the most part, 
those reports have relied upon an OKN stimulus 
that did not fill the child’s entire visual field. Since 
the visual pursuit system is not myelinated until the 
fourth or fifth month of life, I suspect that this 
system plays an important part in the response or 
lack of response generated during this attempted 
OKN test. Utilizing an overhead OKN drum, we 
have been able to demonstrate OKN responses 
much earlier than four months of age. Again, I 
suspect that the reason for this is that overhead 
drums that fill the visual field specifically test the 
OKN system while the OKN stimuli that co not fill 
the visual field are more involved with the visual 
pursuit system rather than the OKN system. Figure 
1B represents a normal OKN response from an 


eight-month-old child. 
CALIBRATION, GAZE AND OCULAR DYSMETRIA 


Calibration of the recording unit as well as gaze 


testing can be accomplished with the use of a stan- 
dard light bar if the child is at least 3'/, years old 
(Fig. 2A). For very young children, we use a lamp 
calibrating system (Tracoustics model RN257) (Fig. 
2C) which consists of two painted lamp shades 
mounted on a horizontal bar. Each of the lamp 
shades is painted with cartoon characters and we 
have the option of sound, light, or motion with each 
of the lamp shades. We have found this device to be 
very effective with children down to approximately 
six months of age. 


These lamps are mounted in such a way that we 
can alternate the light, motion, and/or sound back 
and forth between lamps. The child’s eyes will fol- 
low the motion or lighting back and forth and will 
create a calibration tracing from which we can 
figure a calibration factor. 


We can also use this unit for gaze testing (Fig. 2B) 
by holding the child’s head still and having her 
watch the lighted and sound-producing cartoon on 
the lamp shade. We, of course, do not use the mo- 
tion fer gaze test as that will create an unwanted 
optokinetic response. 


Figure 2D shows a calibration recording on an 
eight-month-old child. You can notice approxi- 
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Fig. 2. AY Standard calibration/gaze light bar that can be utilized with children from approximately three to four years 
of age. B) Chi J's head is being held in position for the gaze test and the calibration test. C) Modified light bar with lighted, 
cope: characers. D) Calibration recording from an 8-month-old child. Note the approximate deflection of 16 mm for a 20° 


eye de 


ection_From this record we can obtain a calibration factor from which we can later measure the nystagmic response. 


Also note the . bsence of ocular dysmetria in this recording. (From Cyr DG. Audiology: An Audio Journal for Continuing 
Education; Juae 1980. New York: Grune and Stratton. Published with permission.) 


mately 16 mm of pen deflection with horizontal eye 
deflection to the ight and to the left. The child was 
placed at a spec fic distance from the light bar so 
that the alternating lamp shades produced a 20° eye 
deflection. The -ecord may not be as clear as we 
would get with an adult, but nevertheless it does 
give us a good idea of the approximate deflection in 
millimeters from which we can get a calibration 
factor to work witn. You can see from Figure 2D 
that I have utilized the AC method of amplification 
on the recorder. We, of course, prefer to utilize a 
DC recording if -t all possible since it is fairly easy 
to miss oculer dysnetria if only the AC mode is used. 
With children, he wever, we are forced to utilize the 
AC amplificatior mode and rely on a good visual 
inspection to detect the presence of dysmetria. We 
have utilized this particular procedure for calibra- 
tion, gaze testing and detection of ocular dysmetria 
with infants dow. to as early as four months of age 
with fairly good siccess. 


Sinusoidal eye tracking can be accomplished us- 
ing a modified “coll’s head” maneuver with the in- 
fant or youngster in the parent’s arms. The parent 
holds the child in a rocking chair in a horizontal 
and perpendicular position while the child’s eyes 
are fixed on a lighted toy directly above him (Fig. 


1C). We utilize this procedure in very young infants 
to get some idea of center gaze. It is important to be 
able to rule out pathologic gaze nystagmus that is 
caused by drugs or by a lesion as opposed to the 
benign, ocular nystagmus that is seen in a fair 
percentage of the pediatric population. The benign, 
congenital ocular nystagmus is not pathologic from 
the standpoint that rarely does it cause difficulties 
with balance or with visual tracking. 


Now let me get back to this rocking chair pro- 
cedure specifically used with inspection of the 
visual tracking system. Remember that the child is 
lying in the arms of the mother who is sitting in a 
rocking chair. The child’s eyes are fixed on a lighted 
object directly above him. 


As they rock back and forth, the head rotates 
around the eyes from right to left to right to left, 
etc, as seen in Figure 1D. This creates a sinusoidal 
tracing on the ENG recorder. Although this may be 
a rather gross method of ocular tracking, it can pro- 
vide an inspection of potential problems associated 
with disconjugate eye movement, ocular muscle pa- 
thology, or other visual pursuit pathologies that 
may affect the remainder of the ENG recording. 
Since the visual pursuit pathways are not mye- 
linated until the fourth or fifth month of life, it is 
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Fig. 3. A) Deflated and inflated balloon probeon the ese ep irrigator. B) Standard position of a child in the torsion 


swing chair with eyes closed and head ventroflexed 30°. C) Probe p 


aced in the child’s ear canal. D) An abnormal response 


with rotation to the left compared to a normal nystagmic response with rotation to the right. The lower portion of the record- 
ing traces the chair motion (swings up are to the right and swings down are to the left). (From Cyr DG. Audiology: An Audio 
Journal for Continuing Education; June 1980. New York: Grune and Stratton. Published with permission.) 


difficult to perform this type of test until approx- 
imately that age. 


POSITIONAL TESTS 


Positional or positioning tests can be performed 
in a darkened room with the young child or infant 
on a table or in the parent’s arms. Although testing 
in a darkened room may not be as effective as test- 
ing with eyes closed, it will sufficiently negate cen- 
tral visual suppression in most cases to permit a 
nystagmic recording. Blindfolding may also be used 
but may be more frightening to the child. 


PERROTATIONAL TESTS 


Vestibular test results can also be obtained using 
a torsion swing chair in a darkened room or with 
the child blindfolded (Fig. 3B). The child sits 
upright in the chair or on the parent's lap if one is 
testing an infant. The chair then rotates in a 180° 
horizontal arc. A right-beating nystagmic burst is 
recorded when the chair swings to the right and a 
left-beating nystagmic burst is produced when the 
chair swings to the left. The number of beats that 
occur in each direction are then counted at a 
number of points in time. In a normal system, ata 


given point in time, an approximately equal num- 
ber of nystagmic beats should occur with movement 
to the left compared with movement to the right. 
From our experience, the results must be cautiously 
interpreted, however, as they do not always agree 
with caloric results. If for instance, a normal 
nystagmic burst is identified with acceleration in 
both directions, a unilateral peripheral weakness 
cannot necessarily be ruled out, even though the 
trace would seem to indicate normal function bilat- 
erally. However, if there exists a marked asymme- 
try when accelerating in one direction compared 
with the other direction, a unilateral peripheral 
weakness is predicted and usually supported with 
subsequent caloric irrigation. You must remember, 
however, that it is possible to show an increased 
response on the torsion swing test with rotation in 
the same direction as that of a concurrent spon- 
taneots nystagmus. That is to say, if a child has a 
right-beating, direction-fixed spontaneous nystag- 
mus, rotation of the chair to the right will add onto 
the spontaneous nystagmus, while rotation to the 
left will negate the spontaneous nystagmus. As a 
result, the chair recording will show a weakness on 
the left compared to the right even though the re- 
verse may be true. Ruling out a true unilateral 
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periphera’ weakness versus a spontaneous nystag- 
mus is a very cifficult task for this test procedure. 
The test is effective, however, in determining the 
presence or absence of vestibular output such as 
that of bilateral weaknesses. 


Figure 3D illustrates a weakness on the left ear. 
With rotation te the right there is good right- 
beating nystagmus and a poor response with motion 
to the left. One must remember to keep the child’s 
head ventroflexed 30° in order to get a good record- 
ing. This incidently was a unilateral weakness on a 
3-year-old. pronebly secondary to a longitudinal 
temporal bone ‘racture. 


CALORIC TESTING 


In my opinion, probably the most effective meth- 
od of caloric irr gation with young children and in- 
fants is the utilization of a closed-loop caloric ir- 
rigator. 


Figure 3A illustrates the Brookler-Grams closed- 
loop irrigator. This device is simply a closed balloon 
system that fits into the ear canal; air pumps the 
balloon up and water circulates through the balloon 
at a fixed How rate. The balloon fits into the ear as 
shown in Figure 3C. The closed loop irrigator incor- 
porates a eiosec water system attached to an ear 
probe with an inflatable silicone balloon on the 
end. The probe is placed into the ear canal, water 
inflates the ballocn with a preset amount of pres- 
sure. The ballocn fills the ear canal, and is held in 
place fairly securely even if the child should rapidly 
move. Approximately 200 cc of water circulate in- 
side the balloon “or 45 seconds at a fixed flow rate at 
temperatures of 28.5 and 45.5 C. This, of course, is 
a slight intensity increase compared to the standard 
water caloric temperatures. We selected these in- 
creased levels to overcome the mass and insulation 
properties of the silicone balloon. This produces a 
caloric resconse almost identical to a standard 
water irrigation and does it in a relatively safe and 
painless fashion. 


Another metlod of caloric irrigation that we 
commonly use consists of utilizing the closed-leop 
irrigator with simultaneous, binaural, bithermal ir- 
rigation (SSB test).!? The caloric-induced vertigo 
that is experienced by the patient with standard 
unilateral stimucation, is minimal or nonexistent 
with the SBB test if the two inner ear systems are 
fairly equal in sensitivity. The neural discharge 
from one labyrinth will cancel the discharge frem 
the simultaneously stimulated opposite labyrinth 
and theoretically, since no information travels up 
the medial longitudinal fasciculus, vertigo sensa- 
tions are not induced. This situation is much less 


frightening to the child than standard unilateral 
stimulation. Simultaneous, binaural, bithermal ca- 
loric testing also takes the worry out of calibrating 
between presentations since both ears are being 
compared under the same degree of recorder sen- 
sitivity. This negates the argument that ice water 
testing, measured by nystagmic duration, is more 
feasible than measurement of slow phase intensity 
from a minimal, controlled caloric stimulation. It 
should be noted, however, that the SBB test only in- 
dicates that the vestibular systems are equal; they 
may be equally active, equally hyperactive, or 
equally hypoactive. We then have to go back and 
test at least one ear to insure that there is function 
from the system. 


This procedure has been effective with young 
children in that we do have an opportunity to check 
for symmetry between the two systems without cre- 
ating sensation of vertigo and the vegetative symp- 
toms which are sometimes associated with vertigo. 
Once we have determined symmetry, we will go 
back and retest one of the ears to insure that there is 
indeed output from the peripheral system and that 
they are not, for instance, bilaterally equally 
hypoactive. 


Two relatively new methods of vestibular evalua- 
tion have been recently introduced as potential sup- 
plements to or replacements for the standard ENG 
battery, with the feeling that even in adults ENG 
evaluates only a small portion of the entire ves- 
tibular system. These tests attempt to measure 
vestibular activity closer to threshold rather than 
driving the system to its limits with standard caloric 
testing. Those two procedures include a piezoelec- 
tric balance platform and a low frequency harmon- 
ic angular accelerating chair. Both of these pro- 
cedures, although very promising, require a co- 
operative patient and rarely can be performed on 
children under the age of five years. 


In summary, vestibular evaluation in the cooper- 
ative adult patient appears to be markedly improv- 
ing at the present time. However, these methods 
have not been satisfactorily developed for use with 
young children. It is our impression, however, that 
the previously mentioned modifications can be 
made in the standard adult ENG procedure. At 
present, the primary weakness of this method is the 
obvious lack of normative data available. It will be 
our major area of concern in the upcoming months 
to conduct normative studies utilizing the previous- 
ly mentioned modifications in an effort to help de- 
velop a pediatric ENG battery for the evaluation 
and measurement of vestibular function in chil- 
dren. 
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USES AND ABUSES OF HEARING AIDS 


JAMES E. PECK, PhD 


OMAHA, NEBRASKA 


The view is expressed that many hearing-impaired individuals are not deriving maximum benefit from amplification or are not using 
amplification at all because of failure of professionals to keep in mind certain uses and abuses. Some of the specific uses are for minimal and 
profound hearing losses, adaptation with special earmold modifications, chronic or recurrent conductive losses, part-time use, and 
binaural listening. Some specific abuses include: unrealistic expectations, overlooking the role of motivation, pressuring persons to try/wear 
amplification, overamplification, Y cord, inappropriate binaural fittings, and failure to alternate a hearing aid between ears in sym- 


metrical hearing losses. 


Hearing aids help many thousands of persons 
every day. Yet many hearing-impaired persons are 
not receiving maximum help from their amplifica- 
tion and others are not using amplification at all. 
This paper is a brief outline of some uses and abuses 
of hearing aids. 


USES 


Intermediate Hearing Losses. Hearing aids find 
their major use in amplifying speech signals to those 
with intermediate hearing losses, that is, a broad 
range of losses, say between 40 dB and 90 dB HTL 
(ANSI, 1969). However, the years have seen in- 
creasing amplification benefit to persons with more 
or less hearing loss, as well as to a wider group of 
other hearing-imvaired persons with special prob- 
lems. 


Minima! Heering Losses. Persons with mild or 
even minimal hearing impairment often can derive 
help from hear ng aids. If a person has significant 
communication demands coupled with a strong mo- 
tivation to use ¿ hearing aid, we should not impose 
a fixed minimem decibel level of hearing loss in 
considering a hearing aid for that person. ' 


Profound Hearing Losses. Similarly, the person 
with profound hearing impairment often can derive 
considerable benefit from a hearing aid. Many 
children with profound early-life hearing impair- 
ments utilize acoustic cues from hearing aids to note 
presence or absence of a signal, to detect spectrum, 
timing and intensity cues regarding sentence type 
and emotional content, to monitor their own vocal 
level, and (witain limits) to improve speech dis- 
crimination ability, particularly when combined 
with speechnreacing. In short, the degree of hearing 
loss shoulc not dictate one’s hearing aid needs or 
candidacy. 


Special Arrargements. The advent of the Con- 
tralateral Routing of Signal (CROS) hearing aid in- 


troduced the concept of the open or nonoccluding 
earmold. The classic example of the CROS fitting 
was the case of the unilateral hearing loss in which 
the impaired ear was unaidable.** A hearing aid 
microphone was placed on the hearing-impaired 
ear and the signal was routed to the contralateral 
hearing ear and delivered through an open ear- 
mold. It soon became apparent, however, that the 
open earmold had excellent low-frequency suppres- 
sion characteristics giving way to fittings called 
high-frequency CROS and Ipsilateral Routing of 
Signal (IROS).*° IROS is a conventional fitting in 
that the entire unit is all on one side, but an open 
earmold is used to “vent” low frequencies. Addi- 
tional virtues of the open mold soon were recog- 
nized, such as: 1) allowing persons to take advan- 
tage of their natural hearing in frequency regions 
for which they had good hearing, 2) minimizing the 
sensation of “pressure” from the hearing aid, and 3) 
being a more comfortable, cooler fitting. The com- 
bination of high-frequency emphasis circuitry and 
the nonoccluding earmold has allowed hearing aid 
fittings for cases previously considered difficult or 
impossible. 


Natural extensions of the CROS concept were the 
Bilateral-CROS (BiCROS) and Multi-CROS aids. 
These arrangements are for the person with a bi- 
lateral hearing loss who has only one aidable ear. In 
the classical BiCROS, microphones are placed at 
each ear and their signals are directed to the only 
aidable ear through conventional closed earmold.’ 
Going one step further, the Multi-CROS arrange- 
ment adds flexibility by allowing the user to ac- 
tivate just one microphone, or the other, or both, 
depending on the background noise conditions. For 
example, if there is an interfering noise on the left 
side, the user can listen just through the right side 
microphone. If, on the other hand, the noise is on 
the right side, the user can listen just through the 
left-side microphone. Finally, if the background 
level is similar to each side, the user can listen 
through both microphones. 
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The CROS concept has two other app ications. 
One, termed Power CROS, is a fitting fer the se- 
verely impaired person who wishes to use ear level 
amplification but is troubled by excessive acoustic 
feedback. Power CROS minimizes the feedback in 
two ways, by separating the microphone and re- 
ceiver, and by employing a standard closed ear- 
mold, 








The other CROS fitting is for the person who can- 
not tolerate a closed earmold for medica! seasons. 
Consider the person with chronic otitis externa or 
otitis media and drainage. Typically, the physician 
will prohibit a closed earmold for this patient, yet 
the person may have a substantial heariag loss. 
With its open earmold, the CROS arrangement 
may permit utilization of amplification wth con- 
trolled feedback while maintaining an open ear 
canal. 


Chronic or Frequently Recurrent Canrductive 
Hearing Loss. Usually the individual experiencing 
conductive hearing loss is not considered a hearing 
aid candidate, yet not every middle ear problem is 
amenable to medical treatment. Despite the most 
diligent medical care, some people have ekronic or 
frequently recurring middle ear problems. Whereas 
for years the prevailing opinion seemed ‘c be that 
hearing aids were not for “nerve deafness,” it now 
seems that a reverse idea has taken hold, namely, 
that hearing aids are not for conductive lesses. Of 
course, neither opinion is true. Hearing aids are 
designed to help people receive speech, regardless of 
the location of the hearing problem. Thus, the need 
for amplification should not be determined by the 
type of the disorder, but rather by the sraount of 
communicative difficulty the person experiences. 


Part-time Use, Akin to the foregoing section is the 
concept of the part-time user. For some reason. 
when it comes to hearing aids, we tend to think in 
terms of full-time use, yet in many other areas of 
special aids or prostheses, the concept of part-time 
use is well accepted. Think of persons who use 
glasses for reading, or a cane when their arthritis 
acts up. Simply stated, a hearing aid need not be 
worn 100% of the time to offer 100% help. 


Binaural Listening, The superiority of binaural 
over monaural reception is well established, and 
most hearing-impaired listeners experiencing com- 
munication difficulties have bilateral impair- 
ments."” Thus, it is reasonable to approach amplifi- 
cation from the standpoint of attempting tc reestab- 
lish the normal binaural auditory input. Binaural 
hearing aids can help many listeners maintain the 
more normal situation of receiving speech comfort- 
ably in both ears. 


The insightful clinician will realize that a 
number of these areas overlap. The person with a 
minimal or mild loss may be a good part-time hear- 
ing aid user. The individual with a chronic or recur- 





rert middle ear problem may have a minimal or 
mild loss. The person with chronic otitis media and 
drairage may require an open mold fitting. The in- 
dividual using an open mold cr CROS arrangement 
may only need amplification part-time. Finally, 
many of these people may have significant bilateral 
losses and perform better with two aids than with 
one. To put it another way, determining hearing 
aid candidacy requires considering several dimen- 
sions rather than just the audiogram. 


Tinnitus. Tinnitus is an all-too-frequent con- 
comitant of hearing loss. Not only is it distressing, 
but tinnitus also is an interference, causing a less 
favorable signal-to-noise ratio. No small number of 
hearing aid users has commented that a hearing aid 
heips both by making speech louder and by “drown- 
ing aut” the annoying ear-ringing. 


ABUSES 


Unrealistic Expectations. Many times, hearing 
aid use gets off to a painful start or continues as a 
dismal disappointment because of unrealistic expec- 
tatiens’ of the user, the user’s relatives, a hearing 
aid dealer or even a professional. Frustration and 
disappointment almost always follow high expecta- 
tions, and hearing aid benefit usually suffers. Hear- 
ing aids are never replacements for normal ears. 
Ideally, the levels of expectations should match the 
individuals hearing ability. Thus, for moderate 
hearing losses, the expectation might be for con- 
siderable speech understanding, whereas for pro- 
fourd childhood losses, the expectation might be for 
alerting to sound and supplementing speechreading. 


Professional Attitude. A corollary to the above is 
an underappreciation of what a hearing aid can do. 
Frequently, the attitude from professionals is nega- 
tive, whereas habilitative and rehabilitative ener- 
gies are best positive, insofar as possible. The orien- 
tation should be one of improved function rather 
thar. need as perceived by the professional. The im- 
proper attitude toward hearing aids is reflected in 
patients’ reports that someone, a doctor, an audiol- 
ogist, a speech pathologist, said that, “You can get 
alomg without one.” The more appropriate orienta- 
tien, I suggest, should be, “You might get along 
ever: better with one.” There is small risk to trying a 
hearing aid, since by Federal mandate, all hearing 
aids are dispensed on a 30-day trial. 


Overlooking Motivation. Already alluded to is 
the factor of motivation. Ross et al suggest that 
there is no single more important determiner of 
hearing aid success than motivation.' I suspect 
mary clinicians have seen patients who had been 
considered ideal hearing aid candidates, yet who 
totally rejected a hearing aid, even after a trial. 
Close questioning often reveals that many such pa- 
tients had a negative attitude and little motivation 
at the outset, and thus were not ideal candidates at 
1. While the audiological aspects are important, 
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clinicans must be cautious not to restrict their think- 
ing just to test results. Rather, strong consideration 
must be given ta the nonaudiological aspects, such 
as the person’s :ommunication demands, his own 
estimate of the problem and, particularly, his meti- 
vation. 


Pressuring the Hearing-Impaired Person. Hear- 
ing loss causes stress, not only to the hearing- 
impaired persom. but also to those in close contact 
with that persor. As a result, hearing-impaired in- 
dividuals are often unduly pressured to use amplifi- 
cation. This is especially true in the case of the older 
population. Maay times older people grudgingly 
allow themselve to be brought to hearing clinics, 
half hoping that the session will at least pacify the 
family. The oldsr person may perceive few com- 
munication prob ems and may be less demanding of 
his communicative performance than younger peo- 
ple. Also, the presbycusic patient may have 
auditory discrimination difficulties beyond those 
associated with tne peripheral hearing loss, making 
amplification coxsiderably less helpful. Thus, if the 
person won't try an aid or won't wear the one he 
has, he may be kadgered and berated, or made to 
feel stubborn and inadequate. Again, hearing aid 
success is enormcusly dependent upon the attitude 
of the person, and failure to recognize these feelings 
probably retards hearing rehabilitation. 


Acoustic Envi-onment. At any given moment, 
the benefit a heazing aid user derives from his hear- 
ing aid depends directly on the acoustic environ- 
ment in which he finds himself. Noise and reverber- 
ation have a majcr impact on hearing aid benefit.’ 


The hearing ari user and his family, coworkers 
and friends must be made aware of the strong in- 
fluence of the background listening conditions on 
understanding w th a hearing aid. Otherwise, the 
user may become -rustrated with the aid, the family 
may become disgusted with the user’s lack of pa- 
tience, coworker: may be offended by the user's 
lack of response, end so on. What bewilders the user 
and others arounc him is that everyone else seems to 
be doing just fine Unfortunately, what they do not 
understand is tha. even slight unfavorable changes 
in the listening conditions can cause the hearing aid 
user to lose track cf the message. 


The matter is so much worse for children. 
Whereas the adut who loses hearing already has 
the system of his language well in hand, the very 
young child with rearing loss is faced with the task 
of acquiring a complicated communication system, 
In other words, the child has less redundancy to fill 
in cues obliteratec by noise or reverberation. Thus, 
special educatior facilities for hearing-impaired 
children should include quiet, nonreverberant 
rooms and amplif-cation units that provide the best 
possible signal-to-noise ratio, such as FM systems. 


Overamplificaton. During the past few years, 
there has been a zrowing awareness that hearing- 


impaired persons often have been fitted with more 
amplification than they needed. There had been a 
preoccupation with “correcting the person back to 
normal,” rather than providing just enough gain 
and output to make a typical speech signal comfort- 
ably loud. Recent studies suggest that the desired 
gain should be equal to about one half of the indi- 
vidual’s overall pure tone levels." The point here is 
not to suggest a method of arriving at the proper 
gain or maximum output. Rather attention is fo- 
cused on the observation that hearing aids are often 
found to be too loud, even though they seemed fine 
in the quiet test environment.'? Ways to help guard 
against overamplification are to use realistic sound 
levels in the clinical situation and to let the prospec- 
tive user wear the hearing aid for a short while in 
the lobby, coffee shop, on the street, etc, where he 
is exposed to typical background noise levels. 


Y-Cord Arrangements. As mentioned earlier, 
binaural hearing is a goal to be sought in habilitat- 
ing or rehabilitating the auditorily impaired. At 
least some binaural advantage usually can be ob- 
tained with body aids as well as with ear-level in- 
struments.'? Unfortunately, in the case of body- 
borne units, there is a persisting notion that the 
Y-cord arrangement provides binaural or stereo re- 
ception. The Y-cord body aid splits the signal from 
one microphone and delivers it to the two ears. A 
single cord exits from the aid and divides, one leg 
going to one ear and another leg going to the other 
ear. The cord has a “Y” appearance, giving rise to 
the name. It is true that the Y-cord system gives 
two-ear stimulation, but since there is only one 
microphone pickup, the reception is not truly bin- 
aural. True binaural hearing derives from separate 
signal pickups, one for each ear. Studies have 
shown that Y-cord is no better than monaural am- 
plification for speech discrimination,*® although 
there may be occasions when Y-cord systems are ap- 
propriate. The concern here is that by giving the 
false impression of binaural-stereo listening, the 
Y-cord may delay providing a genuinely binaural 
arrangement. 


Binaural Amplification.. Abuses in binaural 
amplification include sins of omission and of com- 
mission. A sin of omission is failure to strive for 
binaural amplification, when there is reasonably 
similar hearing function between the two ears. Of 
course, a person may reject a binaural system for 
financial, psychological or other reasons. As sug- 
gested above, any hearing aid fitting is likely 
doomed if the correct attitude is missing. 


A sin of commission is fitting two hearing aids 
when the person is not a binaural candidate, either 
audiologically or communicatively. Probably most 
clinicians have seen patients with two aids who 
have major differences between the ears, in thresh- 
olds, tolerance or speech discrimination ability. 
Such users may perform better with a monaural fit- 


USES ANE # BUSES OF HEARING AIDS 73 





ting to the more aidable ear than with a binaural 
fitting. In other words, aiding the poorer ear nay 
actually detract from the overall perform nce 
through some sort of inhibitory effect. 


Another abuse is fitting binaurally the person 
who has seriously limited financial resources. Even 
if performance might be better with two aids. the 
patient is not well served, if purchasing two aids 
would impose a serious financial burden. 


Failure to Alternate Hearing Aid. When a person 
has two equally aidable ears, but rejects a binaural 
fitting, it may be well to alternate the single heering 
aid between the two ears. It seems that in many 
monaural fittings, one ear is arbitrarily selected to 
receive the amplification. 


I have a growing suspicion that such a fi ting 
(particularly in moderate or worse losses) prevents a 
certain degree of auditory training that aceom- 
panies hearing aid use. My suspicion arises frora my 
own personal experience with one-ear users who 
either originally had similar speech discrimin.tion 
scores or, who never had any form of speect- dis- 
crimination or tolerance testing. I have beer im- 
pressed that with surprising frequency these users 
have markedly better speech discrimination ability 
and tolerance on the aided side. Certainly, further 
investigation is needed to support my hypothesi. 


I feel that it is important to have each ear beeome 
accustomed to amplification for several reasons. 
First, the usually aided ear could, for some reson, 
lose a great deal of hearing. Second, that ear eould 
develop a medical condition contraindicating aear- 
ing aid use. Third, the person's situation may 
change, such that he or she may want to try banau- 
ral amplification. If the opposite ear wer- ac- 


customed to an aid, any of these situations could be 
met by merely utilizing amplification on that op- 
posite side. 


Hearing Aid as a Crutch. Occasionally audiol- 
ogists hear the concern that a hearing aid may 
become a “crutch.” This is a most unfortunate at- 
titude, which implies that the person will become 
dependent on the aid instead of on his or her own 
resources, [t is as though use of the aid would cause 
the ear to become atrophied or lazy by letting the 
aid dotte work. Probably the reverse is closer to the 
truth. Failure to stimulate the hearing mechanism 
may permit a reduction in effective functioning, as 
suggested above. Careful counselling should help 
dispel! this harmful notion of the “hearing aid 
crutch.” However, a word of caution: Voicing this 
concern may be a smokescreen for other negative 
feelings toward hearing aids that may need to be 
dealt with. 


Hearing Aids to Prevent Hearing Loss. Happily 
we are seeing the decline of the idea that using a 
hearing aid will prevent further hearing loss. Still, 
now and again we hear this comment. The idea is a 
natural analogy made to disorders in which exer- 
cises and stimulation are crucial to prevent further 
deterioration. A hearing aid will never prevent ad- 
ditiona! loss of hearing, although it may help to 
keep the entire auditory system functioning as effi- 
ciently as it can. The point here is that persons 
should not be stampeded off to buy amplification 
based on false premises, such as preventing them 
from geing deaf. 


To conclude, the user’s benefits will be maxi- 
mizec when he or she fully understands the limita- 
tions, as well as the capabilities, of amplification. 
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ADVANCES IN SENSORY AIDS FOR THE HEARING-IMPAIRED: 
VISUAL AND VIBROTACTILE AIDS 


J- M. PICKETT, PhD 


WASHINGTON, DC 


An informal! sketch is given of the background and current status of research on electronic aids designed to convert speech into visual or 
tactile patterns ir order to alleviate problems of speech reception and speech production by the hearing-impaired. The functions and prob- 
lems of the majo- types of such aids are briefly described and literature references are given. 


My aim is t describe the most important types of 
sensory aids that employ vision and touch to try to 
alleviate the problem of difficult or nonexistent 
speech communication. There have been quite a 
number of devices and research efforts in this field. 
First I will discuss the idea of using visual or tactile 
feedback as a means of speech training for pro- 
foundly deaf 2hildren. Then I will go on to the no- 
tion of providing visual cues in an aid for receiving 
speech from other people. Finally, I will discuss the 
sense of touch as a possible sensory substitute for the 
ear for the profoundly deaf. More detailed sum- 
maries and many reprinted papers in this field will 
be found in Levitt et al.' 


All of these devices rely on the technology of 
speech analys:s which began its development at the 
Bell Laboratcries in the middle 1920s. The first 
modern device was built just after World War II, 
based on the ase of the sound spectrograph, which 
was developec for the military by Bell. In 1945 Bell 
wanted +o tet the idea of setting up a real-time 
sound spectrograph for the deaf, to display the spec- 
trum of speecn. Figure 1 shows a diagram of this 
first visible speech translator, as it was called. On 
the right side ef the figure is a microphone and a set 
of filters spamming a range from low to high fre- 
quencies: a phosphor belt was passed under lights 
responding to -he outputs of the filters, causing pat- 
terns of light © appear and remain on the belt as it 
moves across from right to left. The pattern shown 
represents the spectrum changes in time for the 
phrase “we show speech.” The high frequency con- 
sonants are or top and the vowel formants in the 
lower-frequency half, near the bottom. 


There is now a new version of visible speech, the 
speech spectrum display (SSD) manufactured by 
Spectraphonic:, Inc. A TV monitor screen is used as 
the display and a standard spectrogram is painted 
on the display and can be held there for the speaker 
to use to try to 2orrect his own speech. At the Center 
for Communication Research they are engaged in 


testing the SSD with children in the Rochester 
School for the Deaf. 


Figure 2 shows the SSD and its display of a spec- 
trogram; it will be seen that the pattern is very 
clear. 


This kind of display presents a lot of important 
information about speech and it is currently 
somewhat costly. Some workers in the field have 
felt that perhaps the analysis should try to separate 
certain important aspects of voice production and 
display only those. A good example is the voice 
pitch trainer. Figure 3 shows a pattern of voice 
pitch on the display. The trace goes across the 
screen in time and up and down with the pitch of 
the voice. This shows two display examples. On the 
left is registered the pitch of the vowels in a three- 
syllable utterance. This is with normal intonation 
with a slight rise on the last syllable and then a fall 
in the voice pitch. Next to this is the same utterance 
spoken by a deaf child who has the voice production 
fault, which is very common, of skipping up into 
falsetto (in the last syllable) and going out of a nor- 
mal pitch range. Devices like this are currently used 
to some extent in speech training of deaf children to 
try to get their voice pitch in the proper range, to 
teach them to use the proper changes in voice pitch, 
and to control their pitch in a normal way. The 
Center for Communication Research makes a new 
version of this kind of voice pitch trainer using a TV 
monitor for the display and with arrangements for 
showing differences between the pattern of the 
trainee and a model pattern. 


The programming of materials for training, using 
this type of device, can be controlled by a small 
computer system. There is one such project at Bolt, 
Beranek and Newman, Inc. They arranged a voice 
pitch cartoon game on a display screen which is il- 
lustrated in Figure 4. In the top half the game starts 
when the pupil begins to phonate and one of the 
balls comes up and starts going across the screen in 
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and displayed the analysis on a moving phosphorescent belt. 
communication. Baltimore: University Park Press. 1980:35.) 


time and up and down with the pupil’s voice pitch, 
The game is to control pitch to get the ball through 
the hole in the wall; when you do that successfully 
the ball drops into a basket and a smile lights up on 
the cartoon face. If you miss, the ball hits the wall, 
goes back into the starting bin and a frown comes 
instead.’ 


There are a number of other types of voice train- 
ing instruments and they are in use to some extent in 
schools and in speech therapy clinics. One general 
finding is that it is often difficult to get the training, 
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Fig. 2. Display of a spectrogram on the screen of the real-time 
Center for Communication Research, Ro 


with permission from the 






Rt... e Mey 
od 





75 


SMALL 


LIGHTS 
ROLLER, \ 


BANK OF 
ANALYZING FILTERS 








>. 7 





MICROPHONE 





700 


a ee ct ed. 





SPEECH 


Fig. 1. Diagram of the first Bell Laboratories visible Spores translator which analyzed speech by means of a set of filters 


(Reprinted with permission from Pickett JM. Sounds of speech 


which is usually successful in the presence of the 
display, to extend to everyday spontaneous speech. 


For voice abnormalities such as hypernasality 
and repositioning of the tongue after oral surgery, 
Samuel Fletcher of the University of Alabama, Bir- 
mingham, has developed two speech production dis- 
plays. One detects nasality and displays this on a 
simple indicator. Another uses an artificial palate to 
sense the pattern of tongue contact on the hard pal- 
ate. A group in Japan under S. Hiki has also devel- 
oped and manufactured a display of tongue contact 


jeg EL SSD, of Spectraphonics, Inc. (Reprinted 
a 


ester, NY.) 
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Fig. 3. Lisplays of voice pitch in time. Two patterns are shown, A) the normal one and B) the same utterance with an 
abnormal pith skip. (Reprinted with permission from Risberg A. Visual aids for speech correction. Am Ann Deaf 1968; 


113:173-94.) 


and used it for t aining the tongue positions for con- 
sonants spoken Fy deaf children. * 


Here at Boys Town Institute a new approach to 
voice training is being explored using a small elec- 
tronic word recognizer. The technology of speech 
understanding əy machines is rather highly ad- 
vanced now anc it is possible to build a fairly inex- 
pensive device te recognize spoken words if you are 
willing to constgain the word set to a small set and 
the machine is only required to recognize words 
produced by one talker. The machine has a pattern 
in it corresponcing to a normal utterance of the 
word; a compacison is made between the stored 
pattern and the pattern of a new utterance of the 
word. If the difference is too large it says NO. If the 
differences are :mall and within certain limits it 
says YES. You could use such a machine as a voice 
production trairer and Richard Lippman here in 
the Institute is testing this with a simple speech 
recognizer. 

In addition œ visible speech indications for 
speech training visual indicators have also been 
developed as a means of aiding lipreading. As you 
know, some of tne features of speech are very dif- 
ficult to lipread. It happens that some of these can 
be detected acoustically and displayed. A deaf en- 


*Hiki S. Personal communication, 1980. The training apparatus is the 


Electropalatograph Madel DP-01 and the artificial palate Model SP-O1, 
both manufactured by tion Co., Ltd., Export Division, No. 7-7, Yoyozi 
2-chome, Shibuya-ku, “-okyo 151, Japan. 


gineer, Hubert Upton, invented such a system for 
himself, called the Upton eyeglass speechreader. 
This arrangement uses eyeglasses which are shown 
in Figure 5 with a small projector mounted so as to 
send light patterns down to a tiny mirror mounted 
on the inside of the eyeglass. The mirror reflects the 
projected light patterns back into the eye of the 
viewer. If someone is talking to the wearer and he 
looks directly at the talker’s face, the light patterns 
appear to be near the talker’s mouth. The patterns 
are formed by a small pocket-worn analyzer about 
the size of a large hearing aid. Features like the 
plosiveness of consonants and the low frequency 
murmurs of the nasal consonants turn on certain 
light-bars in the display. 


We did some tests of the Upton eyeglass device as 
an aid to lipreading and we found that it provided 
some improvement over lipreading alone.’ The use 
of such a device seems most appropriate for persons 
who are deafened late in life and have a need to get 
just a modicum of what they cannot get by lipread- 
ing.* Given a normal knowledge of spoken language 
a small improvement over a mediocre level of recep- 
tion can provide increases in speech understanding 
that are highly useful. It takes a considerable moti- 
vation to wear such a device and put up with the 
flashes of lights that are in your visual field, but Up- 
ton himself has been wearing one for about 12 
years, and he reports that there is no interference. 





Fig. 4. Displays A & B from a computer-controlled voice pitch game designed by Bolt, Beranek and Newman. 
(Reprinted wih permission from Bolt, Beranek and Newman, Cambridge, Mass.) 
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Fig. 5. The Upton eyeglass speech neader. (Reprinted with permission from Bell Helicopter News.) 


Tactual speech is our third area of sensory 
substitution. Particularly for profoundly ceaf per- 
sons, can we find a way to transform speech to pat- 
terns of vibration applied to the skin? The first at- 
tempts, in the 1920s, used single vibrators. More re- 
cent approaches have been very similar to that of 
the Bell Laboratories’ visible speech, that is, to try 
to present the spectrum of speech on an array of 
vibrators on the skin. Figure 6 shows one of these 
tactual analyzers in a schematic form. There is a 
microphone, a ten-channel analyzer, and ten vibra- 
tors, each of them corresponding to one frequency 
range of speech coming into the analyzer. The fre- 
quency channels are similar to those used tor voice 
vocoders, but instead of producing sound there is a 
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vibrater as the output of each channel. The results 
with tactual vocoders working on this principle 
have Deen rather disappointing. It takes a very long 
training to be able to sense the different patterns on 
the skin. Several different schemes of this type, 
presenting ten or more channels of tactile informa- 
tion have been tried, with limited success and only 
with long training. Some workers say “That’s the 
way iz is; the normal-hearing child takes a long time 
to learn to perceive speech correctly and we 
shouldn’t expect anything faster with tactile 
speech.” There is a somewhat different philosophy 
on the part of some workers researching tactile 
speech. They feel that too much information is pre- 
sented in vibratory form in these devices and that 
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Fig. 6. Scheme of a tactual vocoder. (Reprinted with permission fram Pickett JM. 


tactual vocoder. J Speech Hear Res 1963; 6:207-22.) 


Communication of speech sounds by a 
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some kind of mo»e natural tactile differences or dif- 
ferent qualities of a few tactile sensations should be 
used systematically. One good example of this ap- 
proach was developed and studied at the Central 
Institute for the Deaf (CID) where there is a tactile 
speech device which uses only three stimulators, 
each providing cifferent types of tactile sensation: 
1) electrical, 2) vibratory, and 3) spread versus 
compact. Insteac of trying to present a lot of spatial 
information there are just two alternatives: either 
the sensation is spread out or it is compact and 
localized. The tests at CID show that persons with 
normal hearing and normal language experience 
can learn to com5lement lipreading very successful- 
ly with this simple tactile display.’ 


There is a move natural system using tactile sen- 
sations for speech communication called Tadoma. 
It was originally developed as a speech therapy 
method for deaf children. The child would put his 
hand on the teasher’s face so he could feel vibra- 
tions of the laryax with the lower fingers, feel the 
jaw open and close, and feel some of the air flow 


differences at the mouth. Currently this scheme is 
used mostly by deaf-blind people as a means of 
speech communication, and with some success. 
There is a possibility in the future that some kind of 
electronic Tadoma method could be developed that 
would produce natural kinesthetic stimuli from 
speech signals but wouldn’t require the placement 
of the hand on the speaker’s face. 


In summary, some devices already developed and 
available, such as the Upton eyeglass aid and the 
CID three-feature tactile aid, are now good sup- 
plements to lipreading, and could be very useful to 
the adult who really needs them and will work hard 
to supplement lipreading beyond what he can get 
through his hearing aid or by watching the speaker. 
In another area, the possibility of complete sensory 
substitution for communication is still in the 
research stage, but progress is being made. Tech- 
nologically almost anything is possible now but fur- 
ther study is needed on the more natural tactile 
codes that are easy to learn and that ethically could 
be put on a deaf infant.‘ 
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REVIEW OF RECENT RESEARCH ON THE SELECTION OF 
FREQUENCY-GAIN CHARACTERISTICS FOR HEARING AIDS 


RICHARD LIPPMANN, FaD 


OMAHA, NEBRASKA 


Following the Harvard master hearing aid study in 1947 there was little research on linear amplification. Recently, however, there 
have been a number of studies designed to determine the relationship between the srequency-gain characteristic of a hearing aid and speech 
intelligibility for persons with sensorineural hearing loss. These studies have demonstrated that a frequency-gain characteristic that rises at 
a rate of 6 dB/octave, as suggested by the Harvard study, is not optimal. They tave also demonstrated that high-frequency emphasis of 
10-40 dB above 500-1000 Hz is beneficial. Most importantly, they have demonstrated that hearing aids as they are presently being fit do not 
provide maximum speech intelligibility. Percent word correct scores obtained, with the best frequency-gain characteristics tested in various 
studies have been found to be 9 to 19 percentage points higher than scores obtained with commercial aids owned by subjects. This increase 
in scores is equivalent to an increase in signal-to-noise ratio of 10 to 20 dB. This is a significant increase which could allow impaired 
listeners to communicate in many situations where they presently cannot. These results demonstrate the need for further research on linear 
amplification aimed at developing practical suggestions for fitting hearing aids. 


There has been a significant amount of research 
aimed at determining the potential usefulness of 
different forms of acoustic signal processing in hear- 
ing aids. This research has focused on systems which 
provide linear amplification, frequency lowering, 
and nonlinear processing such as amplitude com- 
pression or clipping. In this paper a review of recent 
research on linear amplification is presentec, 


Research on linear amplification is important 
both because it can be directly applied to the prob- 
lem of fitting existing commercial aids and because 
it can assist in the development of aids which in- 
clude more complex types of signal processing. Such 
complex aids can only be properly evaluated if they 
are compared to the best linear system for a given 
impaired person. This best linear system can serve 
as a common reference or bench mark by compar- 
ing the performance of this system to that cf other 
more complex types of processing. The best linear 
system also allows the limitations of linear 
amplification to be determined and aids in the 
design of more complex aids. Such aids can be 
designed by using this linear system as a building 
block to which more complex forms of processing 
are successively added. 


Unfortunately, we presently do not know how to 
choose the best linear system for a given person, 
even though this has been the goal of much re- 
search. This research is reviewed in the remainder 
of this paper. 


In this review the term frequency-gain character- 
istic refers to the acoustic gain in sound pressure 
from sound source to eardrum obtained with an aid 
relative to the acoustic gain that exists in some other 
reference condition. An aid with a flat frequency- 


gain characteristic will thus not necessarily provide 
acoustic gain from sound source to eardrum that is 
independent of frequency. It will, however, pro- 
vide ar acoustic-gain characteristic that is identical 
to that which exists under the reference condition. 

One important reference condition is the ortho- 
telephenic condition’ in which the listener faces the 
source at a distance of one meter in a free field. A 
frequency-gain charactieristic measured relative to 
the erthotelephonic gain is also referred to as the 
functienal gain? of an aid. In practice the func- 
tional gain or orthotelephonic response is fairly easi- 
ly obtained by taking the decibel difference be- 
tween aided and unaided free-field thresholds. The 
orthetelephonic condition is an extremely impor- 
tant ome because it takes into account the significant 
acoustic gain provided by concha and ear canal res- 
onances, ‘the acoustic coupling between the sound 
souree in an aid and an individual listener’s ear, and 
the placement of the microphone used in an aid on 
the listener. Unfortunately, other reference condi- 
tions and measurement procedures which ignore 
one or more of these factors have often been used. 
When this is done only the nominal response of an 
aid has been measured. Such a response is obtained, 
for example, when the reference condition is de- 
fined solely in terms of measurements made on an 
acoustic coupler or in terms of voltage applied to 
the sound source used. 


One of the first studies on fitting hearing aids was 
performed at Harvard in 1947.* This was the most 
complete study to be performed up to that time and 
for many years after and it had a great influence on 
the research that followed. Characteristics of this 
study are presented in Table 1. The results of this 
study indicated that the best aid for the majority of 
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TABLE 1. CEARACTERISTICS OF THE HARVARD 
MASTER HEARING AID STUDY 
Systems 
Nominal response: -12, -6, 0, 6, 12 dB/octave HP and LP filtering 
Subjects — 18 
20% - Moderate * severe sensorineural loss. Sharply slop- 
ing audiograms 
80% - Mild to severe conductive or mixed loss. Rising, flat, or 
gently slopiag audiograms 


Speech Tests 
PB word lists - Male talker. In quiet or static noise 
HP - High pass; LF - Low pass; PB - Phonetically balanced. 


impaired listerers would be one that passed a fairly 
limited range ef frequencies (300-4000 Hz) and had 
a nominal frecuency-gain characteristic (measured 
using earphones and a 6 ce coupler) which was flat 
or which rose at a rate of 6 dB/octave. 


Recent research has not substantiated the conclu- 
sions of the Harward study. This may primarily be 
caused by a change over the years in the population 
of persons who use hearing aids, and also by the 
limited number of frequency-gain characteristics 
included in the Harvard study. Most persons who 
presently wear hearing aids have sensorineural in- 
stead of conductive losses because most conductive 
losses can presently be corrected with surgery. By 
contrast only 20% of the subjects in the Harvard 
study had sensorineural losses. Also, many of the 
frequency-gair characteristics that have recently 
been investigatec were not included in the Harvard 
study. 


The first of a group of recent studies on linear 
amplification wes performed by Jesper Barfod* in 
Denmark in 1€72. Characteristics of this study are 
presented in Table 2. The purpose of this study was 
to determine wrether high-frequency emphasis could 
increase the intelligibility of speech presented to 
persons with skarply sloping high-frequency losses. 
In this studv “high-frequency emphasis” referred to 
an increase in ga:n of 0 to 68 dB above a frequency 
of 250 to 1500 Hz. The results of this study were 
that scores were highest for a nominal response 
which includee 40 to 60 dB of high-frequency em- 
phasis. Scores ebtained with the best high-frequen- 
cy emphasis claracteristic tested were 19 percent- 
age points higner than scores obtained with the 
nominally flat characteristic. After a post hoc anal- 
ysis of his data Barfod suggested that the best fre- 
quency-gain caaracteristic would be one which 
amplifies the speech peaks in each frequency region 


TABLE 2. CHARACTERISTICS OF THE STUDY 
PERFORMED BY BARFOD* IN 1972 
Systems 


Nominal response: High-frequency emphasis of 0-68 dB above 
250 to 1500 Hz 


Subjects — 15 
Mild to moderate sensorineural losses. Sharply sloping audiograms 
Speech Tests 
CVC — Male talker. In speech-shaped noise 


CVC - Consonant-wow el-consonant. 


TABLE 3. CHARACTERISTICS OF THE STUDY 
PERFORMED BY PASCOE? IN 1975 


Systems 
. Flat functional gain 
. Mirror audiogram 
. Flat coupler gain 
. 6 dB/octave rise in coupler 
. Commercial aid simulation 


Subjects — 8 
Mild to moderate sensorineural losses. Gently sloping audiograms 


Vt ob Go bo oR, 


Speech Tests 
HF and PB word lists — Male/female talker. In quiet and 
speech-shaped noise 
HF - High frequency. 


to be as loud as they are for a normal-hearing listen- 
er. 


In 1975 Pascoe’ performed a study whose purpose 
was to determine the importance of maintaining the 
normal field-to-eardrum transfer function when fit- 
ting an aid and also to determine whether mirroring 
the audiogram would provide the best frequency- 
gain characteristic. Such a characteristic would 
cause the thresholds of an impaired listener when 
measured in free-field with the aid on to be normal. 
Pascoe included only older persons with gradually 
sloping high-frequency losses and characteristics of 
his study are shown in Table 3. This study demon- 
strated that the acoustic gain provided by the con- 
cha and ear canal is important. Scores obtained 
with the system that had a flat functional response 
were 6 percentage points. higher than scores ob- 
tained with the system that had a flat coupler re- 
sponse (62 vs 56%). This study also demonstrated 
the importance of mirroring the audiogram. Scores 
obtained with the system that mirrored the audio- 
gram were: 11 percentage points higher than scores 
obtained with the system that had a flat coupler 
response (73 vs 62%), 7 percentage points higher 
than scores obtained with a system with the 6 
dB/octave rising response suggested in the Harvard 
study (73 vs 66%), and 19 percentage points higher 
than a system with a response that simulated the 
response of a commercial hearing aid (73 vs 54%). 


In 1976 Skinner* performed a series of experi- 
ments designed to determine whether a system that 
mirrored the audiogram wouid also be best for sub- 
jects with sharply sloping noise-induced losses. 
Characteristics of this study are presented in Table 
4. Scores were highest for the system which pro- 
vided roughly 22 dB of high-frequency emphasis. 


TABLE 4. CHARACTERISTICS OF STUDY 
PERFORMED BY SKINNERS IN 1976 
Systems 
l. Flat functional gain 
2. Mirror audiogram with maximum gain or 11, 22, 33, 44 dB 
Subjects — 6 
Mild to moderate sensorineural losses. Sharply sloping audiograms 
Speech Tests 
HF word lists — Male/female talker. In quiet 
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TABLE 5. CHARACTERISTICS OF THE STUDY 
Systems 

1. Flat functional gain 

2. Mirror audiogram 

3. Restore normal loudness to 10% speech levels 

4. Bands of filtered speech at MCL 

Subjects — 5 

2 - Moderate to severe sensorineural loss. Flat audiegrams. 


3 - Moderate to severe sensorineural loss. Sharply sloping audio- 
grams, 


Speech Tests 


CVCs, words, sentences — Male/female talker. In quiet and 
speech noise. 


This system on the average yielded scores that were 
8 percentage points higher than scores obtained 
with a system with flat functional gain. Although a 
system that mirrored the audiogram was not tested 
by Skinner, her results suggest that the extreme 
high-frequency emphasis that this would require 
would not be useful for the subjects studied. In a 
post hoc analysis of her data Skinner suggested that 
the relative performance of the different systems 
studied was primarily determined by 1) the audibil- 
ity of speech spectral energy in different frequency 
regions (especially 2 to 6.3 kHz), 2) the proximity of 
speech spectral energy to the threshold of discom- 
fort, and 3) the balance of speech spectral energy 
between the low (0.5 to 1 kHz) and high (2 to 4 
kHz) frequency regions. On the basis of these fac- 
tors Skinner suggested that the best frequency-gain 
characteristic should amplify speech peaks at each 
frequency to be midway between thresholds and 
discomfort levels at that frequency. Such a charac- 
teristic would make most speech sounds audible but 
not uncomfortably loud. It would also be similar to 
the characteristic suggested by Barfod* which 
amplifies speech peaks in each frequency region to 
be as loud as they are for a normal-hearing listener. 


As part of a study on multiple-channel amplitude 
compression, Lippmann? in 1978 performed a series 
of experiments aimed at determining whieh of the 
linear systems suggested by previous research and 
preliminary research would be best for subjects 
with both flat and sharply sloping audiograms. 
Characteristics of this study are presented in Table 
5. The systems studied included one that mirrored 
the audiogram as suggested by Pascoe? and one that 
restored normal loudness to the 10% peak speech 
levels as suggested by Barfod.* In addition. a func- 
tionally flat system and one that amplified bands of 
filtered speech to each subject’s most comfortable 
level was included. The high-frequency emphasis 
provided by the three fitted systems used in this 
study was 30-60 dB for the subjects with sloping 
losses and 10-20 dB for subjects with flat losses. 
These three systems yielded scores that were signifi- 
cantly higher both in quiet and in noise than scores 
obtained with the system that had a flat functional 
gain. For the subjects with sloping losses the 
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TABLE 6. CHARACTERISTICS OF THE STUDY 
PERFORMED BY LEVITT’ IN 1978 


Wearable Master Aid 
Systems 
Nominal response: —6 to + 12 dB/octave HP and LP filtering 
Subjects — 27 
Mild zo severe sensorineural loss. Gently sloping audiograms. 


Recent eae. 





Speech Tests 
CVCa, VCs, words, sentences — Male/female talker. In quiet and 
speech noise. 


average increase in scores was 29 percentage points 
(68 vs 39%) and for the subjects with flat losses the 
increase was 12 percentage points (53 vs 41%). Fur- 
thermore, although the three fitted systems yielded 
scores that were roughly equivalent, subjects with 
sharply sloping audiograms preferred the system 
that amplified bands of speech to a most comfort- 
abie level and provided the least amount of high- 
frequency emphasis. An analysis of the results of the 
consonant confusions exhibited by the subjects in 
this study and of the location of the speech spectral 
energy relative to each subject’s residual dynamic 
range suggested that intelligibility is highest when 
most speech energy in each frequency region is 
audible but not uncomfortably loud. 


Levitt,’ in a study designed to develop a protocol 
for the prescriptive fitting of a wearable master 
hearing aid, performed experiments with a wear- 
able aid that had frequency-gain characteristics 
which were very similar to those tested in the Har- 
vard study.* Characteristics of Levitt’s study are 
presented in Table 6. In the main part of this study 
frequency-gain characteristics of the wearable aid 
were changed adaptively on the basis of scores ob- 
tained with nonsense syllables in six test sessions. 
Sceres obtained with the resulting systems were 
then compared to scores obtained with other refer- 
ence systems, Differences in scores were greatest for 
the nonsense syllable test. For this test the best fitted 
system: provided scores that were: 5 percentage 
points higher than scores obtained with a nominally 
flat svstem (75 vs 70%), 5 percentage points higher 
than scores obtained with a system that had a 
nomiaal response which rose at a rate of 6 dB/oc- 
tave (75 vs 70%), and 9 percentage points higher 
than scores obtained with each subject's own aid (75 
vs 66%). For the other word and sentence speech 
tests that were used these differences were not 
sigmific 





‘ant. 


TABLE 7. RESULTS FROM STUDIES IN WHICH A SYSTEM 
STTH A 6 dB/OCTAVE RISING RESPONSE WAS 








EVALUATED* 
Best MHA 
Stich 6 dB/octave Characteristic Materials 
Pascoe «1975)? 66 % 73% HF word list 
Levitt ‘1978Y 70% 75% CVs, VCs 


MHA - Master hearing aid; CV - Consonant-vowel; VC - Vowel- 
consanart. 

"Percent correct scores from studies which included a system with a 
coupler response that rose at a rate of 6 dB/octave. The score obtained with 
this system in each study is compared to the score obtained with the master 
hearing aid set to the best characteristic tested. 
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TABLE 8. RESULTS “ROM STUDIES IN WHICH A SYSTEM 
WITH A FLAT RESPONSE WAS EVALUATED* 








Best High- 

Frequency 
Study ss Fat Emphasis Materials __ 
Barfod (1972)* 31% 50 % CVC 
Pascoe (1975)? 62% 73% HF word list 
Skinner (1976)* 72% 84% HF word list 
Lippmann (1978)° 40 % 59 % CVC 


*Percent correct score. from studies which included a system with a 
functional (Pascoe.? Skirner, and Lippman‘) or nominal (Barfod*) flat 
response. The score obtaiaec with this system in each study is compared to 
the score obtained with the master hearing aid set to the best characteristic 
tested. 


On the basis of the above recent studies there are 
a number of questions that can be answered. First, 
“Is a frequency-gain characteristic that rises at a 
rate of 6 dB/octzve, as suggested by the Harvard 
study, best?” In Table 7 results of studies that ad- 
dressed this question are presented. As can be seen, 
scores with the best master-hearing-aid setting in 
each study were higher than scores with the 6 
dB/octave system. The increase in scores of 5 and 7 
percentage point: obtained with other systems dem- 
onstrates that the € dB/octave system is not best. 


A second question that can be answered is “Is 
high-frequency emphasis beneficial?” In Table 8 
results of studies which addressed this question are 
presented. As caa be seen, scores with systems that 
include high-frecuency emphasis are 11 to 19 per- 
centage points Ligher than scores obtained with 
systems with flet frequency-gain characteristics. 
Given this result it is important to know what 
amount of high frequency emphasis was used in 
these studies. This information is presented in 
Figures l and 2. {n these figures the best frequency- 
gain characteristics averaged over subjects in each 
study are presented for subjects with gently sloping 
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Fig. 1. Functonal gain of the best master hearing aid 
characteristic tested for persons with gently sloping 
audiograms. All functional gains are normalized to pass 
through O dB at 509 Hz. Solid line is the average response 
for two subjects :n the study of Lippmann‘ and dashed line 
is the average fcr all subjects in ie study of Pascoe.’ 


TABLE 9. RESULTS FROM STUDIES IN WHICH A 
SUBJECT’S OWN AID OR A SYSTEM WHICH SIMULATED 
AN AID WAS EVALUATED* 
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Hearing Best MHA 
-Study Aid Setting Materials 
Barford (19727 54% 65% CVCs 
Pascoe (1975F 54% 73% HF word list 
Levitt (1978Y 66 % 75 % CVs, VCs 


*Percent correct scores from studies which performed tests with each 
listener's own aid (Barfod,* Levitt’) and from a study which included a 
system with a response that simulated the responses of a commercial aid 
(Pascoe’). The score obtained with each subject's own aid or with the aid- 
simulation system in each study is compared to the score obtained with the 
master hearing aid set to the best characteristic tested. 


audiograms (Fig. 1) and for subjects with sharply 
sloping audiograms (Fig. 2). In these figures func- 
tional gains have been normalized to pass through 0 
dB at 500 Hz. In both figures the functional gain of 
the best master hearing aid characteristic tested in 
each study and averaged over subjects is presented. 
In all studies high-frequency emphasis of 10-20 dB 
above roughly 750 Hz was best for subjects with 
gently sloping audiograms. High-frequency em- 
phasis of 20-40 dB above roughly 750 Hz was best 
for subjects with sharply sloping audiograms. It is 
interesting to note the similarity of the average best 
frequency responses obtained in very different 
studies. 


A third question that can be partially answered 
from recent studies is, “Do hearing aids as they are 
presently fitted provide percent word correct scores 
that are as high at possible?” In Table 9 results of 
studies which addressed this question are presented. 
As can be seen, an increase of 9 to 19 percentage 
points has been obtained in those studies in which 
the best master hearing aid setting was compared to 
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Fig. 2. Functional gain of the best master hearing aid 
characteristic tested for persons with sharply-sloping audi- 
ograms. All fanciional gains are normalized to pass 
through 0 dB at 500 Hz. Solid line is the average response 
for three subjects in the study if Lippmann,‘ long-dahsed 
line is the average for all subjects in the study of Barfod‘ 
and short-dashed line is the average for all subjects in the 
study of Skinner.’ We have computed the responses for 
Barfod* using an average free-field to coupler response 
transform for the earphones used. 
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each subject’s own aid or to a system which simu- 
lated a typical commercial aid. This result demon- 
strates the practical importance of research on fit- 
ting hearing aids. A significant improvement in 
speech recognition could be obtained if hearirg aids 
were fitted as in the above studies. This improve- 
ment could allow many impaired persons tc com- 
municate in situations in which they presently 
can't. 


Although these studies have answered a number 
of questions, there are still many questions left 
unanswered. We still do not know how, either em- 
pirically or theoretically, to determine the best 
frequency-gain characteristic for an individual 
listener. We do not know whether this characteris- 
tic should vary in different acoustic environments. 
We do not know how sensitive speech scores are to 
perturbations in the frequency-gain characteristics. 
These questions must be answered by future research. 


Some of the results of the above studies provide 
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practical input to the audiologist who fits hearing 
aids. First, it appears that the best freeuency-gain 
characteristic for an individual listener should 
probably amplify speech spectral energy at each 
frequency region to be audible but not uncomfor- 
tably loud. To choose a frequency-gain characteris- 
tic that will do this it is necessary *o take the 
characteristics of speech, of the aid (as it will be 
worn), and of the listener’s residual hearing, into 
account. This necessitates free-field testing using 
the earmold and aid that the listener will use. In ad- 
dition, it suggests that testing with a variety of 
speeeh materials should also be performed and that 
judgment of the quality of speech as weil as percent 
word correct scores should be used in ‘itting aids. 
The above studies also indicate that a properly 
fitted hearing aid can significantly increase speech 
reception for impaired listeners. It is thus essential 
to determine how hearing aids should 5e properly 
fitted and if necessary, to develop fitting procedures 
that an audiologist could use. 
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G CONSIDERATIONS IN DESIGN OF COCHLEAR PROSTHESES 
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Some basic considerations in design of multichannel auditory nerve array stimulators and sound processors for an electrical stimula- 
tion cochlear prosthesis are briefly reviewed. Considerations specific to the design of strict auditory nerve array simulation-based prostheses 
are discussed, as ave considerations for production of channel vocoder-based and more purely information-based prostheses. 


SOME CODING CONSIDERATIONS IN DESIGN OF 
MULTICHANNEL AUDITORY NERVE ARRAY STIMULATORS 


In most investigators’ vision of cochlear implants, 
they are imagined to replace the lost function of a 
disabled auditcry system through simulation of the 
function of the normal cochlea. In fact, the simula- 
tion is necessarily in several important respects a 
crude one.’ It is perhaps more appropriate to regard 
cochlear implant prostheses as creating a new, lim- 
ited sensory repertoire, using the resources (possibly 
deteriorated) of the existing auditory nervous 
system, The po-ential development (and usefulness) 
of these kinds cf devices are in one sense limited by 
an obviously imperfect ability to mimic normal 
auditory nerve array coding. At the same time, it is 
not bounce by invariant cochlear-to-auditory nerve 
coding translat:ons of sound to nerve discharge pat- 
terns imposed by the normally operating system. 


In the develooment of these devices (as with other 
sensory substitution devices), investigators are faced 
with a choice between a) employing nerve dis- 
charge pattern simulation models; or b) developing 
a “new” information-based code. In the case of 
auditory implant prostheses, the practical choice 
between these alternatives cannot be made now, 
and perhaps no: for many years. In favor of adopt- 
ing a simulation epproach, the recognition value of 
recorded speech might be of sufficient importance 
to justify adopting a more information-limited 
model. While nonsimulation devices are of poten- 
tially endless variety, any practical nonsimulation 
based prosthetiz device would, of course, be con- 
structed in a directed attempt to encode speech as 
intelligible. There are strict requirements of coding 
that the central nervous system doubtless demands 
be followed for the efficient encoding of speech as 
intelligible manifest in the speech descrimination 
literature. 


Before considering possible configurations of such 
auditory substitution devices for lost audition, it is 
helpful to consider the limitations (from one point 


of view) and lack of normal imposed limitations 
(from another point of view) of a potential multi- 
electrode prosthetic device. 


CONFIGURATION OF SIMULATION-BASED 
PROSTHETIC DEVICES 


A simulation-based (or any other) auditory pros- 
thesis electrode driving system has two basic com- 
ponents, ie, a nerve stimulator, stimulating the 
auditory nerve array according to a given mimick- 
ing translation algorithm; and a sound (speech) pro- 
cessor. We shall consider some possible elementary 
designs of these devices for a practical simulation- 
based prosthesis. 


Nerve Stimulator. Simulation-based multichan- 
nel nerve array stimulators must control excitation 
of auditory nerve fibers as a function of position 
across the nerve array, ie, there must be some 
distributed, predictable control of nerve stimula- 
tion. This is probably only achievable (with accep- 
table control) with the use of a series of bipolar 
stimulating elements, each individually exciting a 
restricted sector of the auditory nerve array.’ 


With such an array, each element (bipolar pair) 
can simulate the distributed auditory nerve re- 
sponse generated by a single fixed-frequency oscilla- 
tor (eg, on the output stage of a frequency spectrum 
vocoder). Some obvious coding limitations of this 
“vocoder-simulation” model have been discussed by 
Merzenich et al.' Most significantly: 1) In model- 
ling the excitation generated by a fixed frequency 
oscillator (ie, the neural response to a single tone) 
the detailed spatial pattern of excitation cannot be 
easily duplicated by a single electrode; 2) the nor- 
mal asymmetric spread of activity?’ as a function of 
I cannot be easily duplicated; 3) the temporal en- 
coding of stimulus period of lower frequency stimu- 
li is seriously degraded. 


A second distributed simulation strategy is to ef- 
fect a strict nerve pattern discharge simulation.** 
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LATION-BASED COCHLEAR ELECTRICAL 


STIMULUS PROSTHESSS* 
—_—— aan 


Response Characteristic 


A) Spread of excitation 
across the auditory nerve 
array as a function of I 





B) Distribution of response 
magnitudes within excited 
region 


C) Detail, distribution of 
activity within nerve array 


D) Representation of stim- 
ulus period by temporal dis- 
charges of auditory nerve 
fibers 


E) Stochastic, random dis- 
charge of units 


F) Relative time of occur- 
rence of discharges as a 
function of cochlear place 


citation pattern. The relatively symmetrical excitation (simu 
trodes is probably of no real consequence, With further devel 


presumably be effected. 






Sound Stimulation 
Normal Cochiea 


Asymmetrical growth with 
tonal stimulation favors spread 
toward base by about 2:1 up to 
45-50 dB; at higher levels, ex- 
citation spreads very rapidly 
toward cochlear base.?:3-* 


At low sound levels, there are 
high discharge rates in the cen- 
ters of excitation patterns and 
successively lower rates apical 
and basal to this hot center (see 
above cited studies). 


30,000 lines of information to 
CNS, great overlap, redundan- 
cy 

Excellent representation to 1-2 


kHz; good to 3-4 kHz: gone by 
6-7 kHz!!! 


Successive discharge occur- 
rence not dependent upon time 
of preceding discharge (beyond 
a absolute refractory peri- 
o ti 


7-10 msec travel time-delays in 
response genesis, from base to 
apex.''? Relationship of time 
of discharge vs ache posi- 
ee (and its Ta coch- 
ear position) is highly pre- 
dicted. 






el vocoder simulat 
levels, excitation patterns are relativel 


Electrical Stimulation 
Channel Vocoder Simulation 


Spread of excitation vs I is 
roughly symmetrical, can re- 
produce equivalent rates of 
spread (e, in both directions) 
vs I. When excitation spreads 
to adjacent channels, excita- 
tion pattern is irregular. 


All neurons excited by any 
channel are driven at similar 
mean firing rates. It is difficult 
to simulate normal internal 
spatial rattern structure (rate 
vs position) in detail. 


Limited number of stimulus 
channels (practical limit of 
probabiy 16-24 channels) 


Excellent representation to 
about 290 Hz; degraded at 
higher frequencies; gone at 
800-1000 Hz 


All or aone driving to each 
brief stimulus pulse predomi- 
nates. Fibers track stimulus 
rates together. Above maxi- 
mum fizing rates, next spike 
occurrence determined by fi- 
bers’ absolute refractory peri- 
ods 


Interchannel delays are simu- 
latable; intrachannel delays 
can be controlled to some ex- 
tent (but only symmetrically) 
by manipulation of stimulus 
waveform. 





Does It Matter? 


Simulation of the spread 
of response (length and po- 
sition of electrically excited 
sector) is probably not cru- 
cial. f 





Probably not; but uncer- 
tainty{ 


Probably not$ 


Perhaps a fundamental 
limitation. No known solu- 
tion§ 


Consequences unknown. 
On given channels, no ob- 
vious solution with use of 
brief biphasic pulsest 


Probably crucial. Devices 
may rise or fall on the effec- 
tiveness of this simula- 
tion. 0 


aracteristics A, C, and F relate to distribution of activity evoked by the elec- 
ion device with nonoverlapping channel stimulation. 


y. In a simulation device $n which driving is effected with a strict nerve array simulation 


opment of stimulation arrays, 


{Given a 16 or 24 channel array, a relatively detailed simulation of the nerve array representation of the speech waveform can be generated.’ A crude in- 


trachannel excitation pattern simulation i 
somewhat crude if nonsimultaneous stimul 


imum channel output rates and temporal resolution.” 


$A high-intelligibility representation of s 
described multichannel simulation 


ation (producing complex field interactions in a 


s possible (by appropriate temporal distributior: of stimuli of different amplitudes), but would invariably be 
iarge array) were to be avoided without serious limitation of max- 


a channel vocoder. Success or failure of these devices rides with the question as to whether simulation of fixed frequency oscillator responses encode necessary 


§Speech can be filtered at 300 Hz without losing intell 
tween time of discharge of neurons in different cochlear loci is more important than simulzted “phas 
relatively limited phase-locking generated with pulsatile el 

i It is difficult to assess the significance of an artificial disturb 
ties of central auditory (inferior colliculus) neurons driven by 


anc temporal resolution) are 


ectrical stimulation. 


ractions when electrodes are simultaneously stimulated. If no 
inversely related to channel number.*:'? When bipolar electrode 
5 mm, threshold for scala tympani stimulation is rapidly elevated.’ 

igibility.'* In unpublished studies with implanted patients, it appears that the relationships be- 
e-locking” per se. There is no obvious remedy for the 


ance of synchronizing of ir put delivered into the central nervous system. Response proper- 
long trains of electrical stimuli do not appear to be very different from normal,'*"” but 


psychophysical studies indicate dramatic effects dependent upon synchronizing of input. Some manipulation is possible simply by changing stimulus 


waveform, as indicated below. 


The requirements for the stimulation necessary to 
effect such a simulation are basically the same as re- 
quired for vocoder output simulation. That is, re- 
stricted, highly controlled excitation must be ef- 
fected by each channel of a multichannel electrode 
array. In one described model of this type,* each 


pulse duration (the farther away from the 
nicity vs position have maxima at the elec- 
; it is likely of crucial importance in development of simulation-based pros- 
rchannel control). Evidence suggesting the 


channe. (short-length sector of auditory nerve) was 
stimulated either “on” or “off” (potentially simpli- 
fying stimulator design. In this kind of “true simu- 
lation” model, the attempt is to simulate as ac- 
curatelv as possible the complete distributed excita- 
tion of the auditory nerve array generated by cor- 
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responding sound stimuli in a normal ear. Thus, in 
a “vococer-sirmulation” model, considerations in 
electrode element position and sound processing 
strategy are principally based on speech psycho- 
physics; while in a strict simulation of eighth nerve 
spatiotempora: pattern discharge, principal con- 
siderations in electrode placement and sound pro- 
cessor design are based on coding studies of auditory 
nerve fiber discharge in the normal mammalian 
ear. 


Most investigators who have attempted to con- 
struct multichannel cochlear prostheses are pursu- 
ing the ‘“vocoder-simulation” model (although at 
least most are not stimulating the nerve array in a 
way in which :t is possible to actually effect it). 


Any of these simulation-based devices share basic 
fundamental cesign and coding limitations. Some 
of these are outlined later (Table 1).'-"’ 


Speech Processor. Several kinds of speech pro- 
cessors might drive nerve array stimulators. For 
simulation-bas2d prosthetic devices, two would ap- 
pear most likely. Both are varieties of “channel 
vocoders.” Furst, a classic frequency spectrum vo- 
coder could drive electrodes that individually 
model the driving output of fixed frequency os- 
cillators. Second, a nerve array model simulator 
output cculd crive sectors of the auditory nerve to 
reproduce a complete or abbreviated facsimile of 
the predicted aormal nerve array response. Again, 
such a medel would be based on patterned distribu- 
tion of excitation across the auditory nerve 
array.?>56 A relatively simple model of this type 
has been developed by Kiang et al.° A device of this 
kind wouid be somewhat more difficult to construct 
than a channe vocoder, but could more faithfully 
represent higher-stimulus-level excitation patterns, 
and may have very significant advantages over sim- 
ple frequency spectrum channel vocoder simula- 
tion. 


CAN THESE SIMULATION MODELS ACTUALLY BE 
IMPLEMENTED: 


All information necessary to implement these de- 
vice models is now available. With ideally posi- 
tioned bipolar electrode pairs, each with interelec- 
trode spacings of about 1 mm'’*® a series of 
restricted sectcrs of nerve, each 1, 2, of 3 mm long 
could be brought under excitation control. Studies 
of excitation patterns generated by bipolar elec- 
trodes in cats would allow an estimate of the supra- 
threshold noneverlap boundaries. A physiclogical 
method for decining the nonoverlapping boundary 
condition noninvasively (by estimating electrode ex- 
citation patterns) using BSER recording in cats 
should be applicable in man.'* (It might also be 
possible to define the nonoverlapping boundary 
condition psycrcacoustically.) 


Tests in animals and cadaver material suggest 
that appropriate multielectrode arrays can be safely 


implanted 20-25 mm into the scala tympani in 
man*’** and that applicable electrodes driven at 
the top of the required dynamic range are probably 
within practical “safe” limits. Cochlear damage in- 
duced by electrical stimulation itself is probably on- 
ly effected at levels of current above that required 
for operation of these devices.?°:?! 


In practice, problems of achieving optimal elec- 
trode placement, and/or the variability in cochlear 
dendrite survival can produce about a 2-3x varia- 
tion in threshold (from roughly 80 to about 300 
pamp for 100 psec/phase biphasic pulses) for dif- 
ferent elements of a long multielectrode array. Dis- 
crete excitation of surviving ganglion cell soma can 
be effected in dendriteless cochlear regions of deaf 
animals.” However, where degeneration is patchy, 
because of differences in threshold some spatially 
inappropriate stimulation might occur. 


Controllable multichannel excitation cannot be 
easily effected with use of “monopolar” electrodes, 
or with simple tested electrode arrays employing 
“common grounding” schemes.*:? 


In summary, given present knowledge, these sim- 
ulation models can now be implemented with use of 
appropriate bipolar scala tympani multielectrode 
arrays. 


WILL THEY WORK? 


Some of the obvious coding accomplishments and 
limitations of these simple simulation algorithms 
are tabulated in Table 1. Several features of re- 
sponse can be only crudely simulated (if at all). The 
relevance of all of these factors re coding of speech is 
not completely clear (Table 1). But given these sim- 
ple stimulators, and given appropriate simulation 
based speech processors, it should be possible to 
establish some significant discrimination of speech 
with these devices. 


COMPLEX COCHLEAR SIGNAL INTERACTIONS; SIGNAL 
TO NOISE PROBLEMS 


In a complete simulation model, two-tone sup- 
pression effects and distortion product generation 
would be included (probably unnecessarily). They 
are possible to simulate. The operational attenua- 
tion of the response to noise in the presence of a 
behaviorally relevant signal (by the olivocochlear 
bundle or however) in the normal cochlea could not 
be easily simulated. 


NONSIMULATION BASED PROSTHESIS 


A true cochlear prosthesis optimist (there are 
many) might point out that electrical auditory 
nerve stimulation is, in a sense, more controllable 
than sound stimulation. Cochlear mechanics, trans- 
duction and characteristics of the hair-cell ganglion 
cell synapse follow strict rules of spatial and tem- 


et A tty stmt 


*O'Reilly B. Unpublished observations. 
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poral coding. As pointed out earlier, some of those 
coding rules can’t be followed. But, with electrical 
stimulation, none must be. It is in this sense that a 
cochlear electrical stimulation prosthesis is poten- 
tially an auditory substitution device. Of course, 
use of any nonsimulation approach is conditioned 
by several factors. First, the speech recognition ad- 
vantages of a simulation-based prosthesis would 
count heavily in favor of this approach, even if 
significantly higher discrimination could be ef- 
fected with a nonsimulation prosthesis. Seeond, the 
nervous system has its own rules re the form of in- 
formation it receives. They are poorly understood. 
But they will dictate what nonnormal coding will or 
will not work. Third, any prosthesis must be based 
on the coding of features of speech necessary for 
coding it as intelligible (imposed by its structure). 


HOW CAN WE DECIDE BETWEEN THESE (OR 
OTHER) CODING POSSIBILITIES? 


We can only decide between these coding pos- 
sibilities by extensive psychophysical testing with 
appropriate model stimulators and sound precessors 
in implanted human volunteers. The task is a very 
large one (especially when the domain of non- 
simulation stimulators and speech processors is 


ente-ed). Our strategy is to decide between these 
approaches (various facets) by a long series of 
direeted psychophysical studies, driving computer- 
modeled stimulators with computer-modeled speech 
processors.'*?? Given the possibilities, it should be 
possiole to gain significant speech discrimination 
capabilities in at least a fraction of the profoundly 
deaf 


BUT VILL ANY ELECTRICAL STIMULATION 
PROSTHESIS WORK, GIVEN THE STATUS OF THE 
NERVE AND AUDITORY NERVOUS SYSTEM IN 
CANDIDATE PATIENT POPULATIONS? 


There is a serious question as to whether or not 
significant speech discrimination can be effected in 
patients in whom nerve survival is partial and/or 
patezy. On the basis of nerve survival at the time of 
implantation, good speech discrimination in an 
“ideal” simulation-based prosthesis (electrodes ar- 
rayee across the speech frequency range) might be 
expected in 20-40% of the postlingually deaf. It is 
encouraging that we can discretely excite the in- 
variole few surviving ganglion cells in ‘“den- 
triteless” regions of severely degenerated cochleas.’ 
But cf what use such evoked, limited input might be 
must await appropriate psychophysical testing. 
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FREQUENCY ANALYSIS IN NORMAL AND HEARING-IMPAIRED 
LISTENERS 


WALT JESTEADT, PhD 


OMAHA, NEBRASKA 


Recent studies of fraquency analysis in listeners with normal hearing and in those with sensorineural hearing losses are reviewed and 
compared witt. related physiological data. These studies suggest that it is now possible to obtain detailed audiological or psychoacoustic 
data for huma_. listeners that closely parallel physiological data obtained in eighth nerve recordings from animals. Implications of these 


developments sor future research with impaired listeners are discussed. 


The auditory system has a remarkable ability to 
resolve and analyze acoustic events in terms ef fre- 
quency. Stadies of frequency analysis in listeners 
with normel hearing have occupied a central posi- 
tion in auditory research since the time of Ohm and 
Helmholtz. Recent efforts in a number of labora- 
tories to obtain detailed psychoacoustic data for 
listeners with sensorineural hearing loss also have 
focused on various aspects of frequency analvysis.’~° 
Physiological data suggest that frequency analysis is 
a periphera. process that may be largely complete at 
the level o? the eighth nerve.” We might expect, 
therefore, to fimd impaired frequency analvsis in 
listeners with sensorineural hearing loss because it 
occurs at the same level as the lesion. Data frem re- 
cent studies to be reviewed here confirm this expec- 
tation and indicate that detailed measures ef fre- 
quency analysis may lead to a better understanding 
of the nature of sensorineural hearing loss. 


Recent studies of frequency analysis reflect sever- 
al important related trends in psychoacousties and 
can best be understood in the context of those 
trends. The first of these is toward greater reliance 
upon physiological research as a source of ideas for 
new experiments and insights concerning existing 
data. We row use constructs derived from physio- 
logical data the way we once used constructs de- 
rived from circuit theory, communication theory, 
and information theory. The latter areas continue 
to have an important impact on our work, but there 
are many more references to basilar membrane me- 
chanics and distributions of eighth nerve responses 
in the receat psychoacoustics literature than there 
are to square law cevices and ideal detectors. This is 
particularly true in studies of frequency analysis 
because the frequency resolving power of the audi- 
tory system is the principal feature for which there 
is a clear correspondence between psychophysical, 
physiological, and anatomical data. Our current 
understanding of basilar membrane mechanics and 


the frequency selective tuning of single neurons in 
the eighth nerve allows us to account for many fre- 
quency analysis phenomena to a first approxima- 
tion. 


The second trend is toward greater theoretical in- 
terest in data obtained from impaired listeners. 
These data may allow us to parcel out closely re- 
lated processes that cannot be observed inde- 
pendently in normal auditory systems and may 
therefore provide unique tests of theories of fre- 
quency analysis. They probably would not play 
such an important role were it not for the increased 
interest in physiological data. Our ability to relate 
data from normal and impaired listeners at a theo- 
retical level depends in part upon our understand- 
ing of the differences in physiology associated with 
the impairments. 


The third trend is toward greater emphasis on the 
relations among measures of frequency analysis and 
the relations between these measures and measures 
of temporal analysis, cochlear nonlinearities, and 
other theoretically related phenomena. This is evi- 
dent in recent studies by Leshowitz and Lindstrom,’ 
Wightman et alë and Festen et al. One motive for 
this work is to demonstrate that many measures of 
frequency analysis are converging operations’ that 
measure the same fundamental property of the 
auditory system. Another is to test predictions con- 
cerning relations between different properties of the 
system. Perhaps the most important incentive is the 
need to obtain a sufficient range of data for im- 
paired listeners to be able to interpret abnormal 
results. Otherwise, it is often impossible to move 
beyond the circular conclusion that the results are 
different because the listener is impaired. In at- 
tempting to test theories of frequency analysis using 
impaired listeners, we are in effect attempting to 
solve equations with multiple unknowns, because 
we do not fully understand the nature of the im- 
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Fig. 1. Representative tuning curves for single neurons 
in the cat’s auditory nerve. Characteristic frequencies were 
selected to match as closely as possible the probe tone*re- 
quencies in Figure 2. (Redrawn from Kiang et al'*.) 


pairment. To be successful, we must solve a number 
of equations simultaneously. 


A review of the entire literature concerning fre- 
quency and temporal analysis in normal and im- 
paired listeners is well beyond the scope of this 
paper. This review will emphasize recent studies in 
two areas: measurement of psychophysical tuning 
curves in normal and impaired listeners and mea- 
surement of suppression. Frequency analysis is 
assessed in both of these areas in terms of the fre- 
quency selectivity exhibited in masking. This is an 
indirect measure, in that masking represents a fail- 
ure of frequency selectivity, but for studies of im- 
paired listeners it is a particularly appropriate one. 
Many listeners with sensorineural hearing losses de- 
scribe problems that we might rephrase in terms of 
abnormal masking. Difficulty with speech percep- 
tion in noise is one example. 


PSYCHOPHYSICAL TUNING CURVES 


Wegel and Lane’® published the first comprehen- 
sive data that describe the masking of one tone by 
another. Masking patterns obtained by fixing the 
frequency and level of the masker and varying the 
frequency of the signal are generally asymmetric, 
showing more masking of high frequencies by low 
frequencies than of low frequencies by high. Mask- 
ing patterns have been measured in listeners with 
sensorineural losses in several studies''"'© and have 
been found to be more asymmetric than in listeners 
with normal hearing. This result has generally been 
described as abnormal upward spread of masking. 
The asymmetry in masking patterns for normal lis- 
teners can be accounted for in part by the asym- 
metry in the excitation pattern produced by the 
traveling wave on the basilar membrane.” The 
origin of abnormal upward spread of masking ob- 
served in listeners with sensorineural losses is less 
clear. 
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Fig. 2. Example of psychophysical tuning curves ob- 
tained with forward masking for listeners with normal 
hearing. The three functions are for probe frequencies of 
250, 1030 and 4000 Hz. The data are means and standard 


erros tor four subjects. Each subject was tested at 10 dB 


SL. 













“4000 


To answer questions of this kind, we must have 
psychephysical or audiological measures that more 
closely parallel physiological measures of auditory 
function. By changing the tonal masking experi- 
ment slightly, it is possible to obtain masking pat- 
terns analogous to tuning curves recorded from 
single neurons in the eighth nerve,'® Eighth nerve 
tuning curves can be thought of as threshold func- 
tions or audiograms for individual neurons. Several 
important features of tuning curves are apparent in 
the exarmples taken from Kiang et al,'* shown in 
Figure ]. Each neuron has a single frequency to 
which it is most sensitive, high frequency neurons 
have proportionally narrower tuning curves (sharper 
tuning}, and high frequency neurons show more 
asymmetry. These features all reflect the fact that 
the response of each neuron is determined by the ac- 
tivity at a specific location on the basilar mem- 
brane; and the location of maximum activity, the 
peak of the traveling wave, is determined by the 
frequency of the stimulus. 


To obtain a psychophysical measure analogous to 
physiological tuning curves, we must structure the 
task so that the same relationships hold. This can be 
done by using a fixed low level (10 dB SL) tone as 
the signal. Presumably, only a limited number of 
neurons will respond to such a signal. We then use a 
tonal masker in which frequency is varied systemat- 
ically and we adjust the level of the masker until it 
just masks the fixed signal. This is presumably 
equivalent to the point at which the neurons tuned 
to the signal frequency also begin to respond to the 
activity generated by the masker. Masking patterns 
of this twpe were first obtained for listeners with 
normal hearing by Small,” Vogten,” and Zwicker?! 
using straaltaneous maskers and a number of dif- 
ferent psychophysical methods. Figure 2 shows 
three psyehophysical tuning curves obtained in our 
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Fig. 2. Revessidle effects of hypoxia on the tuning of a 
single cochlea fiber in the cat. (From Evans EF.’ 
Reprinted witł permission.) 


laboratory recently using forward masking and a 
two interval, forced choice, adaptive procedure. 
They have ell of the features noted in the 
physiological tuning curves shown in Figure 1. 
Although we eannot expect behavioral data to fol- 
low precisely he same pattern observed in physio- 
logical data for single neurons, recent studies in- 
dicate a number of similarities between tuning 
curves obtained at these two levels. The ability to 
obtain psychaphysical data that are analogous in 
some respects t0 physiological tuning curves is par- 
ticularly impertant in research involving impaired 
listeners. It al ows us to make predictions concern- 
ing the nature of the impairment in physiological 
terms and to -est those predictions in experiments 
with human su biects. 


Much of the interest in tuning curve data for im- 
paired listeners stems from demonstrations by 
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Evans’ and Evans and Wilson’? of loss of tuning in 
eighth nerve tuning curves following various 
cochlear lesions. One example, from Evans,’? is 
shown in Figure 3. The curve showing the poorest 
tuning has no finely tuned tip and has the shape we 
might expect to see based on the pattern of the 
traveling wave on the basilar membrane. Note that 
this loss of fine tuning is reversible. A number of in- 
vestigators have obtained psychophysical tuning 
curve data for impaired listeners. '>56?4 Examples 
of curves presented by Hoekstra and Ritsma,? 
Leshowitz and Lindstrom,’ and Wightman et al 
are shown in Figures 4, 5, and 6, respectively. In 
general, listeners with moderate sensorineural losses 
show broader tuning curves in the regions of the 
losses. This is true even when the data are compared 
with those for listeners with normal hearing tested 
at the same SPL. In tests using simultaneous mask- 
ing, in regions where the loss is 50 dB or more, the 
tuning curves show an unusual W-shaped pattern 
first noted by Leshowitz et al.** The listeners ap- 
parently hear a roughness cue, not a combination 
tone, that makes the probe difficult to mask using 
maskers close to the probe tone in frequency. The 
majority of the tuning curves for impaired listeners 
continue to show some tuning, even at high levels. 
The tips of the tuning curves, however, are often 
missing. 


Other parallels between physiological and psy- 
chophysical tuning curves have also been noted. 
Kiang and Moxon’® have shown that eighth nerve 
fibers can also be “detuned” using a narrow band of 
noise a decade down in frequency from the charac- 
teristic frequency of the fiber. The noise causes a 
loss of sensitivity only at the tip of the tuning curve. 
A portion of their data is reproduced in Figure 7. 
O’Malley and Feth?” have recently demonstrated 
the same effect in psychophysical tuning curves, us- 
ing a probe at 3000 Hz and a narrow band noise at 
300 Hz. A portion of their data is reproduced in 
Figure 8. 
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hysical tuning curves for A) one listener with normal hearing, and B) three listeners with sensorineural 


losses. The loss at the probe frequency is 30 dB for the dashed line, 50 dB for the dotted line, and 65 dB for the solid line. 


(Frem Hoekstra and Ritsma.’ Reprinted with permission.) 
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Fig. 5. Psychophysical tuning curves for two listeners 
with sensorineural losses. A) Sloping low freqwency 
hereditary loss, B) High frequency loss due to aceustic 
trauma. (From Leshowitz and Lindstrom.? Reprnted 
with permission.) 


A number of problems associated with psycho- 
physical tuning curves should be noted. When the 
SPL of the probe tone is increased, as it is tc main- 
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tain constant sensation level in tests of impaired 
listeners, combination tones begin to play an impor- 
tant role, the curves become broader, and the tip of 
the tuning curve moves away from the probe tone 
frequency.':?°?8 


Some of these problems can be avoided by using a 
forward masking procedure but at least two of them 
remain. The first is that forward masking decays 
more rapidly over time as the difference in frequen- 
cy between the masker and probe increases.’?*° 
This means that the width or sharpness of tuning 
curves measured with a forward masking procedure 
is a function of the interval between masker and 
probe. The second problem is that as the probe in- 
tensity is increased in either simultaneous or for- 
ward masking, a wider region of the basilar mem- 
brane is stimulated and the subject has the option of 
listening in a frequency region away from the 
masker. This should cause the tuning curve to be 
sharper than it would otherwise be. Johnson-Davies 
and Patterson*' have recently verified this 
hypothesis, using a band of noise in addition to the 
sinusoidal masker to prevent the subject from listen- 
ing off frequency. There may well be other factors 
that influence the shape of psychophysical tuning 
curves. Until we understand all of these factors and 
the ways in which they interact with probe tone fre- 
quency and level, we will be unable to make com- 
parisons in absolute terms with physiological data. 


Although there are a number of problems in in- 
terpreting psychophysical tuning curves, we have 
no other measure that yields psychophysical data 
that so closely parallel physiological data under a 
number of conditions, including cochlear impair- 
ment and low frequency masking. The recent high 
level of activity in this area will no doubt continue, 
and it is quite possible that a simplified form of the 
tuning curve procedure, such as the one Zwicker 
and Schorn® have developed, will become a stan- 
dard audiometric measure. 
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Fig. 6. hp ay sical tuning curves for two isteners with sensorineural losses. Open circles are for simultaneous mask- 


ing, filled circ 
Reprinted with permission.) 


es are for forward masking, and the squares show thresholds for the 20 msec probe. (From Wightman et al.° 
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Fig. 7. =ffect of a low frequency continuous noise on the tuning of an eighth nerve fiber with high characteristic fre- 


quency. (Frem Kiang and Moxon.** Reprinted with permission.) 


PSYCHOPHYSIC#L MEASURES OF SUPPRESSION 


The second group of studies to be discussed deal 
with the suppression of masking. This area of 
research contains the fewest studies of impaired 
listeners but may eventually have the greatest im- 
pact on our uncerstanding of the nature of sen- 
sorineural hea-irg loss and on future hearing aid 
design. As we noted above, a number of authors 
have speculated on the role of lateral inhibition in 
the frequency selectivity exhibited in masking ex- 
periments. La eral inhibition or suppression has 
been clearly cemonstrated in responses of single 
eighth nerve fibers by Sachs and Kiang? and in 
psychophysical masking studies by Houtgast.?*-*° 
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In physiological studies, suppression is defined as 
the reduction in the response to an excitatory tone 
at frequency f(1) that accompanies the addition of a 
suppressor tone at f(2). Maximum suppression is ob- 
served in conditions where f(2) is above f(1) in fre- 
quency. Javel et al% have shown that given these 
conditions, the amount of suppression in dB de- 
pends only on the level of f(2) and the distance on 
the basilar membrane between the traveling wave 
maxima for f(1) and f(2). This suggests that suppres- 
sion is due to interactions between the spatial pat- 
terns on the basilar membrane at either a mechani- 
cal or a neural level. 
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Fig. 8 Effect of a low frequency noise on the tips of psychophysical tuning curves. (From O'Malley and Feth.?’ 


Reprinted wita permission.) 
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Fig. 9. Two tone suppression measured in a forward masking paradigm. The probe tone and one component of the 
masker are at 1000 Hz. The second component of the masker, called the py nea takes one of several values, some of 
which result in less masking than when the suppressor is not present at all. (From Shannon.” Reprinted with permission.) 


In psychophysical studies, suppression is defined masking procedure where the addition of a tone or 
as a reduction in the effective level of a stimulus noise to a masker causes a decrease in forward 
that accompanies the addition of a second stimulus. masking. The procedure and the resulting data are 
It has been studied most frequently in a forward shown in Figure 9, from Shannon.” The frequen- 
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Fig. 10. Two tone suppression measurements4rom one listener (listener 1) with normal hearing and two listeners (listen- 
ers 2 and 3) with sensorineural losses. For listeners 1 and 2, probe frequencies from top to bottom were 1000 Hz, 1500 Hz and 
2000 Hz. For listener 3, they were 900 Hz, 1000 Hz and iS00 Hz. Listerers 2 and 3 show no suppression in the two bottom 
panels, where the suppressors are located on the slopes of the losses. Tuming curves and audiograms for listeners 2 and 3 are 
shown in Figure 6. (From Wightman et al.° Reprinted with permission ) 
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Fig. 11. Suppression measured in a band cenn experiment for a listener with a unilateral sensorineural loss. In the 


normal ear, the threshold always improves as the masker 


andwidth increases from 400 to 1600 Hz in a forward-masking 


procedure. This does not occur for the impaired ear at 4000 Hz (lower right panel). (From Leshowitz and Lindstrom. 


Repriated w th permission.) 


cies of the prode tone and one component of the 
masker are fixed while the frequency of the second 
component of tre masker is varied. Note the dip in 
the function in the region of 1,200 Hz, indicating 
less forward masking when a 1,200 Hz component is 
added to the masxer than when the masker consists 
of a single component at 1000 Hz. 


Similar data obtained for one listener with nor- 
mal hearing and two listeners with sensorineural 
losses are shown in Figure 10, from Wightman et 
al.* There is no suppression when the suppressor is 
in the frequency region on the slope of a high fre- 
quency loss. These results must be treated with cau- 
tion, however, decause there are also subjects with 
otherwise normal hearing who fail to show suppres- 
sion.*’ 


Leshowitz ard Lindstrom? have also published 
data for an imoaired listener who failed to show 
suppression in tre region of the loss. These data are 
shown in Figure 11. The authors used noise as the 
suppressor of < sinusoidal masker in a forward 
masking paradigm. As the noise bandwidth is in- 
creased for a constant spectrum level noise, the 
noise outside the region of the critical band around 
the sinusoidal masker suppresses the masker and 
results in less forward masking. This does not occur, 
however, for the impaired ear at high frequencies. 
Weber” has reported detailed data for similar con- 
ditions for subjects with normal hearing. The large 
suppression effects normally observed with this pro- 


cedure make it a good candidate for use in future 
work with impaired listeners. 


Relations between psychophysical tuning curve 
data and suppression data in both the study by 
Leshowitz and Lindstrom? and the study by 
Wightman et al® led both groups of authors to sug- 
gest that the same mechanism was responsible for 
the finely tuned tips of tuning curves and for sup- 
pression. O’Malley and Feth?’ reached a similar 
conclusion. The large suppression effects observed 
in listeners with normal hearing for noise stimuli 
suggest that the suppression mechanism plays an 
important role in the perception of broadband stim- 
uli such as speech. Suppression reflects a nonlinear 
transformation of the stimulus*®*° that is very dif- 
ferent from the transformations currently being in- 
vestigated in hearing aid research. It is possible that 
aided speech perception could be improved by in- 
troducing transformations of the kind suggested by 
the data from studies of suppression, although we 
must recognize that only some of the components 
that normally produce these transformations are ac- 
tually missing. 


The recent research in frequency analysis sum- 
marized here suggests that it is now possible to ob- 
tain psychophysical measures of hearing that cor- 
respond to physiological measures of peripheral 
processing and, therefore, to interpret psychophysi- 
cal data in terms of physiological mechanisms. 
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With additional research, it may be possible to ob- 
tain sufficient understanding of the peripheral pro- 


cessing of complex stimuli to specify the transforma- 


tions cf those stimuli that would be required to 
compeasate for abnormal frequency analysis in im- 
paired listeners. 


ACKNOWLEDGMENTS — The help of Kevin Guthrie, Robert Guthrie, Doug Mellen, and Donna Neff in the preparation of tris manuscript is gratefully 


acknowledged. 


REFERENCES 


l. Carney AE. An analysis of psychophysical tuning curves in 
normal and pathological ears. Dissertation, University of Min- 
nesota, 1977. 


2. Hoekstra A, Ritsma RJ. Perceptive hearing loss and fre- 
quency selectivity. In: Evans EF, Wilson JP, eds. Psychophysics 
and physiology of hearing. London: Academic Press, 1977, 


3. Leshowitz B, Lindstrom R. Measurement of nonlinearities 
in listeners with sensorineural hearing loss. In: Evans EF, Wilson 
JP, eds. Psychophysics and physiology of hearing. London: 
Academic Press, 1977. 


4. Pick G, Evans EF, Wilson JP. Frequency resolution in pa- 
tients with hearing loss of cochlear origin. In: Evans EF, Wilson 
JP. eds. Psychophysics and physiology of hearing. London: 
Academic Press, 1977. 


5. Wightman FL, McGee T, Kramer M. Factors influencing 
frequency selectivity in normal and hearing-impaired listeners. 
In: Evans EF, Wilson JP, eds. Psychophysics and physiology of 
hearing. London: Academic Press, 1977, 


6. Zwicker E, Schorn K. Psychoacoustical tuning eurves in 
audiology. Audiology 1978; 17:120-40. 


T. Evans EF. Auditory frequency selectivity and the cochlear 
nerve. In: Zwicker E, Terhardt E, eds. Facts and mode's in hear- 
ing. New York: Springer-Verlag, 1974. 


8. Festen JM, Houtgast T, Plomp R, Smoorenburg GF. Rela- 
tions between individual differences of auditory functions. In: 
Evans EF, Wilson JP, eds. Psychophysics and physiology of hear- 
ing. London: Academic Press, 1977. 


9. Garner WR, Hake HW, Eriksen CW. Operaticnism and 
the concept of perception. Psychol Rev 1956; 63:149-5%. 


10. Wegel RL, Lane CE. The auditory masking of one pure 
tone by another and its probable relation to the dynamics of the 
inner ear. Physiol Rev 1924; 23:266-85. 


11. Jerger J, Tillman TW, Peterson JL. Masking by octave 
bands of noise in normal and impaired ears. J Acoust Soc Am 
1960; 32:385-90. 


12. Keith RW, Anderson CV. Remote masking for listeners 
with cochlear impairment. J Acoust Soc Am 1969; 46:293-8. 


13. Martin MC. Critical bands in sensorineural hearing loss. 
Scand Audiol 1974; 3:133-40. 


14. Martin EM, Pickett JM. Sensorineural hearing loss and up- 
ward spread of masking. J Speech Hear Res 1970; 13:426-37, 


15, DeBoer E, Bowmeester J. Critical bands and sersorineural 
hearing loss. Audiology 1974; 13:236-59. 


16. Rittmanic PA. Pure-tone masking by narrow-ncise bands 
in normal and impaired ears. J Audiol Res 1962; 2:287-304. 


17. Zwicker E. Masking and physiological excitation as conse- 
quences of the ear’s frequency analysis. In: Plomp R, Smooren- 
burg GF, eds. Frequency analysis and periodicity detection in 
hearing. Leiden: Sijthoff, 1970. 


18. Kiang NYS, Watanabe T, Thomas EC, Clark LF. Dis- 
charge patterns of single fibers in the cat’s auditory nerve. Cam- 
bridge: MIT Press, 1965. 


19. Small AM. Pure tone masking. J Acoust Soc Am 1959; 
31:1619-25. 


20. Vogten LLM. Pure-tone masking: a new result fom a new 


method. In: Zwicker E, Terhardt E, eds. Facts and models in 
hearing. New York: Springer-Verlag, 1974. 


21. Zwicker E. On a psychoacoustical equivalent of tuning 
curves. in: Zwicker E. Terhardt E, eds. Facts and models in hear- 
ing. New York: Springer-Verlag, 1977. 


22. Evans EF. Temporary sensorineural hearing losses and 8th 
nerve cianges. In: Henderson D, Hamernik RD, Dosanjh DS, 
Mills 1E, eds. Effects of noise on hearing. New York: Raven Press, 
1976. 


23. Evans EF, Wilson J. The frequency selectivity of the coch- 
lea. In: Moller A, ed. Basic mechanisms in hearing. New York: 
Academic Press, 1973. 


24. Fiorentine M. Psychoacoustical tuning curves and narrow- 
band masking in normal and impaired hearing. ] Acoust Soc Am 
1978, 6::S44A, 


25. Leshowitz B, Lindstrom R, Zurek P. Measurements of fre- 
queney selectivity in listeners with sensorineural hearing loss. J 
Acoust Soc Am 1976; 59:52-3A. 


26. Eiang NYS, Moxon EC. Tails of tuning curves of auditory- 
nerve fibers. J Acoust Soc Am 1974; 55:620-30. 


27. C’Malley H, Feth LL. Relationship between auditory fre- 
quency selectivity and two-tone suppression. ] Acoust Sou Am 
1978: 63:530A. 


28. Rodenburg M, Verschuure JV, Brocaar MP. Comparison 
of two masking methods. Acustica 1974; 31:99-106. 


29. Fodenburg M, Verschuure JV, Erocaar MP. Comment on 
Wightr-an et al (1977). In: Evans EF, Wilson JP, eds. Psycho- 
physics and physiology of hearing. London: Academic Press, 
1977, 


30. Widin GP, Viemeister NF. Intensity effects in forward 
masking: implications for psychophysical tuning curves. J Acoust 
Soc Am 1978; 63:S44A. 


31. johnson-Davies D, Patterson K. Psychophysical tuning 
curves: the width of the signal’s excitation pattern. J] Acoust Soc 
Am 1978; 63:S29A. 


32. Sachs MB, Kiang NYS. Two-tone inhibition in auditory 
nerve fibers. J Acoust Soc Am 1968; 42:1120-8. 


33. Houtgast T. Psychophysical evidence for lateral inhibition 
in hearing. J Acoust Soc Am 1972; 51:1885-94. 


34. Houtgast T. Psychophysical experiments on ‘Tuning 
Curves and ‘Two-Tone Inhibition.’ Acustica 1973; 29:168-79. 


35. Aoutgast T. Lateral suppression in hearing. Dissertation, 
Institute for Perception, Soesterberg, The Netherlands, 1974, 





36. javel E, Geisler CD, Ravindran A. Two-tone suppression 
in auditory nerve of the cat: rate-intensity and temporal analyses. 
J Aceust Soc Am 1977; 63:1093-1104. 


37. Shannon RV. Two-tone unmasxing and suppression in a 
forward masking situation. J Acoust Soc Am 1976; 59:1460-70. 


3& Weber DL. Suppression and critical bands in band- 
limiting experiments. J Acoust Soc Am 1978: 64:141-50. 


39. Duifhuis H. Cochlear nonlinearity and second filter: possi- 
ble mechanism and implications. J Acoust Soc Am 1976; 
59:468-23, 


40. Duifhuis H. Cochlear nonlinearity and second filter — a 
psychophysical evaluation. In: Evans EF, Wilson JP, eds. Psycho- 
physics and physiology of hearing. London: Academic Press, 
1977. 





TIME COURSE OF AUDITORY PERCEPTUAL LEARNING 
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The time course of auditory perceptual learning can vary from one hour to more than a year, depending on the task, the complexity of 
the sounds, and the level of stimulus uncertainty under which the tasks are learned. Previous studies are reviewed which show that longer 
training is required to identify sounds than to discriminate between them, while the least time-consuming task is to learn to detect a sound’s 
presence, The time course of each of these tasks is greatly extended for complex sounds compared to those for single tones. The learning of a 
speech-like code would thus be expected to require longer training than that employed in previous psychoacoustic research. The conse- 
quences of this fact for the exploitation of residual hearing are briefly discussed, 


This talk will depart somewhat from the direc- 
tion of the preceding discussions of auditory re- 
search, which were primarily aimed at the proper- 
ties of the peripheral auditory system. We do know, 
of course, that perception is explained at both the 
receptor organ level and at various stages upstream 
from the cochlea. Figure 1 is simply a reminder that 
our colleagues in vision have long been aware that 
visual perception must be understood in terms of 
much more than the mere physical properties of 
stimuli displaved on the retinal mosaic. In one of 
the earliest demonstrations, Necker,’ in 1832, 
showed us the cube that bears his name (Fig. 1A). 
Viewers persist in seeing this two-dimensional stim- 
ulus as a three-dimensional object, either on a plane 
surface sloping down, or they reorganize it to be 
seen on a plane surface sloping up, but of course 
cannot see it both ways at once. In the so-called 
“birdbath illusion,” Rubin? emphasized the role of 
assumed distance (Fig. 1B). If you look at the faces, 
the white area recedes into the distance, but when 
you focus on the birdbath the black area recedes. In 
the demonstration by Leeper’ (Fig. 1C) one can see 
either, in his terms, a mother-in-law or a young 
wife and, of course, there are many reasons that 
you may be biased to initially see one or the other. 
Many studies have shown that your probability of 
seeing one or the other version of such ambiguous 
figures can be modified by various kinds of prior ex- 
perience. 


Many people do not see what’s wrong with Kend- 
ler’s poster* (Fig. 1D). The fact is that you don’t see 
what’s wrong with it until you look at it quite a long 
time, and Kendler’s point was that processing of 
certain types cf visual information depends 
enormously on expectancy and the psychological set 
that you bring to task. 


Personal subjective experiences like those with 
visual illusions can provide compelling demonstra- 
tions that the same stimulus can result in more than 


one percept, and that prior experience is a major 
determinant of perception. But to convince our- 
selves that perception really changes in someone 
else, someone we are studying in an experimental 
context, we usually have to rely on demonstrations 
that that person can do one of several things in 
response to the stimulus. Most simply, if our con- 
cern is perception by another person, then he or she 
must demonstrate the ability to either detect, dis- 
criminate, or identify an uncertain stimulus. If a 
listener can do all three of these for a given set of 
stimuli, then we feel comfortable in claiming that 
they have adequate sensitivity, resolving power, 
and the channel capacity and storage required to 
process those stimuli. Over the course of time, a 
listener’s ability to detect or discriminate or identify 
sounds may improve or change, and in a number of 
experiments in the literature it is rather clear that 
the time course of these changes varies enormously, 
depending on the tasks, on the stimuli, and on the 
way that those tasks are taught. 


While visual perception has been clearly shown 
to change with experience, it has been convenient to 
assume that auditory perception is a less dynamic 
process, as though we simply “hear” whatever 
acoustic waveforms enter our ear canals, so long as 
they are within our range of frequency sensitivity. 
Although there have been only a few studies of au- 
ditory perceptual learning, compared to the hun- 
dreds in vision, those studies clearly show that we 
do learn to hear selected properties of sounds. To 
my knowledge there has been no attempt in recent 
years to summarize the facts of auditory perceptual 
learning, and that is what I'll try to do here. 


Figure 2 is from one of the most widely cited 
studies of auditory detection learning for simple 
tones in a noise background. Gundy’ trained groups 
of 30 listeners in about one hour to detect a tone. 
The dependent variable, d,, reflects the listeners’ 
abilities to distinguish between the tonal signals and 
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Fig. 1 A-D. Examples of some common stimuli used in the s 


Leeper.’ D - From Kendler.* Reprinted with permission.) 


the background noise, and is relatively unaffected 
by changes in their decision strategies.© He found 
that whether he gave the subjects feedback (F) after 
every trial, or not, and whether or not they were 
given a demonstration of the stimulus (S) before the 
experiment began, learning was complete in about 
an hour. At the break between the 6th and 7th 
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Fig. 2. The time course of detection learning for single 
tones presented in a broadband noise as reported by Gun- 
dy.* The four conditions are average data for _isteners 
tested with and without trial-by-trial feedback F) and 
with and without demonstrations of the signal te be de- 
tected (S). (Reprinted with permission. ) 
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tudy of psychological factors in visual perception. (C - From 


blocks of trials, he gave a demonstration to all 
groups of subjects. Table 1 summarizes a few stud- 
ies of this type, some done in our laboratory at CID, 
some by Gundy, and some by Zwislocki et al.” We 
find that they seem to agree that most simple de- 
tection learning is over in about an hour. That’s a 
useful fact, because it says that the audiological 
endeavor is a reasonable one. Parenthetically, our 
data and those of Zwislocki et al suggest that it’s not 
quite so reasonable at very low frequencies, where 
learrmng may go on for a bit longer. 


Next, let’s turn to discrimination. Figure 3 shows 
the time course for learning the discrimination of 
two tonal frequencies, as studied by Auerbach.’ He 
reported his data for several blocks of trials in each 
of fcur one-hour training sessions. Learning oc- 
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Fig. 3. The time course of frequency discrimination 
learning as reported by Auerbach.’ ( @ ® - feedback; 
® - -- @ - no feedback.) The major learning effect was 
seen in the first trial block of each one-hour session. The 
use of percent correct as the dependent variable may give a 
mi:.eading picture of the course of learning. (Reprinted 
with permission.) 
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TABLE 1. TIME COURSE OF PERCEPTUAL LEARNING: AUDITORY DETECTION 


Est. Trials to Est. Time to 
Task (Method) Stimulus Asymptote Asymptote 
Zwislocki, Maire, Fixed frequency 100 Hz tone in quiet 20 Bekesy runs 17/; hours 
Feldman and Rubin Bekesy 5 mm/run) 
Fixed frequency 1 kHz tone in quiet 0 Bekesy runs 17/; hours 
Bekesy (5 mm/run) 
Gundy Single interval 1 kHz tone 300 <1 hour 
rating (NFS) 
Watson, Franx and Sweep shea pop 125 Hz tone in quiet NA <1 week 
Hood'® Bekesy and 2AFC 
Sweep frequency 1 kHz tone in quiet NA <1 week 


Bekesy and 2AFC 


curred mainly ia the first trial block, in the data 
shown by the solid lines (the feedback conditions). 
What was happening in the later blocks isn’t at all 
obvious. That is one of the shortcomings of many 
experiments that persist in using percent correct as 
the measure of performance. It’s very hard to inter- 
pret percent ccrrect judgments that are in the 
vicinity of 100%. We are quite sure from later ex- 
periments that further learning occurs beyond the 
time at which 1)0% correct discrimination is first 
approachec. Nevertheless, the first-block data sug- 
gest a somewhat longer time course for discrimina- 
tion learnir g then for detection. If we look at some 
other discrimination experiments the time to reach 
asymptotic discrimination performance is typically 
at least dcuble that for the detection of simple 
stimuli. Table 2 summarizes the results of several 
studies of the learning of frequency discrimination. 


The task that we are ultimately concerned with 
in auditory information processing is identification, 
not detection er discrimination. Figure 4 shows 
data for a simp]: identification task studied by Tan- 
ner and Rivette.” The stimulus was a pip (a very 
brief amplitude increment) that could occur at one 
of four positions on a tonal ramp. The ramp rose in 
one ear and, simultaneously, fell in the other, and 
the task was to identify the time at which the pip 
occurred on the ramp carrier. The special feature of 
these stimuli was that they were unlike any sounds 
in the listener’s experience. As shown in the figure, 
their abilities te correctly identify the four sounds 
rose systematically over a period of at least 25 
hours. 


Figure € shows one of the oldest but best docu- 
mented studies of the learning of an auditory identi- 
fication task. Bryan and Harter’? in 1899 studied 


the time required for railroad telegraphers to learn 
Morse code. The important point for us is that the 
time course to learn to correctly identify coded let- 
ters was systematic, but extremely long compared to 
other auditory tasks. These people worked four to 
six hours a day, for forty weeks, but were still far 
from asymptotic performance. Mainline perfor- 
mance for excellent operators was up to 180 to 200 
letters per minute. In information theory terms, 
those operators were processing information at a 
rate of five to nine bits per second. That rivals the 
bit rate of information transmission in slow-paced 
connected discourse. This remarkable auditory per- 
formance is appreciated even more in light of the 
fact that the operators “chatted” with each other 
when not otherwise occupied, and laughed at each 
others’ jokes! Table 3 shows the results of the Bryan 
and Harter study, plus several other experiments on 
the learning of simpler auditory identification tasks. 
Max Meyer"? taught himself “perfect” pitch in 24 to 
48 weeks; other people working with lower numbers 
of stimuli accomplished that same task somewhat 
more rapidly. One of the most recent and frequent- 
ly cited studies of auditory identification is by War- 
ren,'* using sequences of three sounds. When he 
trained listeners until they mastered his task, re- 
quiring approximately six hours, the duration of the 
sequences that could be correctly identified dropped 
from more than 600 to less than 60 milliseconds. 


In our own work," we have been studying the 
discrimination of tonal sequences that are designed 
to have a similar frequency range and temporal 
complexity to those of spoken words. Figure 6 shows 
data collected when we used a forced choice task, 
and asked listeners to make what we call a minimal 
uncertainty discrimination; the tonal sequence or 


TABLE 2. TIME COURSE OF PERCEPTUAL LEARNING: AUDITORY DISCRIMINATION 


Est. Trials to Est. Time to 
Task (Method) Stimulus Asymptote Asymptote 
Campbell and Small” Frequency discrimina- 800 msec-2 kHz tones in 2600 4 hours 
tion (2AFC) quiet 
Loeb and Ho ding’”® Frequency discrimina- 770 or 870 Hz tones with 1600 4 hours 
tion (2AFC) noise or tonal backward 
masker 
Watson and Eally’® Frequency discrimina- 40 msec-1 kHz tones in 4200 7 hours 
tion (3AFC) quiet 
Duration discrimina- 40 msec-1 kHz tones in 3000 5 hours 


tion (SAFC) quiet 
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Fig. 4. The time course of learning for a simple auditory 
identification task as reported by Tanner and Rivette.’ The 
stimuli are described in the text. (Adapted from Tanner 
WP, Sorkin RD. The theory of signal detectability. In: 
Tovias JV, ed. Foundation of modern auditory theory II. 
New York: Academic Press, 1972. Used with permission.) 


pattern is the same on every trial and only one com- 
ponent of it is subject to variation. The dependent 
variable is the frequency change of a single compo- 
nent required for about 75% correct discrimination 
performance. The target here was 920 Hz, which 
means that the listeners were discriminating about 
a 60-Hz change in the beginning, but were down to 
10 to 12 Hz after 14 days of training. In the midst of 
this experiment we shifted to an alternative pro- 
cedure, to see whether we could speed up the train- 
ing. Individual listener's data show that the new 
procedure helped some but not others, but the point 
is that the typical time course of auditery dis- 
crimination learning for this task, with a complex 
stimulus, was on the order of 10-14 hours. Figure 7 
shows data from one of our current pattern discrim- 
ination experiments. In this case a new. word- 
length tonal pattern was presented on each trial. 
The listener’s task on each trial was to decide which 
of three repetitions of a pattern was different from 
the other two. The differences were a change of the 
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Fig. 5. The time course of learning the complex auditory 
iden-ification tack represented by Morse code, as reported 
by Bryan and Harter.’ 


frequency, intensity, or duration of a single tonal 
component of a pattern. An automatic tracking Sys- 
tem continuously adjusted the size of the stimulus 
differences (AF, AI, or AT) to maintain the 


TABLE 3. TIME COURSE OF PERCEPTUAL LEARNING: AUDITORY IDENTIFICATION 


Task (Method 
Morse code reception 
Musical pitch iden-ifi- 
cation 
Musical pitch iden-ifi- 
cation 
Musical pitch iden-ifi- 
cation 
Musical pitch iden-ifi- 
cation 
Indicate in which cf 4 
temporal positions signal 
occurred 


Bryan and Harter’? 
Meyer"! 


Wedell?’ 


Hartman”? 


Tanner and Rivette’ 


Neisser and Hirst”? Temporal order identi- 


fication 


Warren”? Temporal order ideati- 


fication 


Est. Trials to Est. Time to 

Stimulus Asymptote Asymptote 
Morse code P >40 weeks 
39 tones P 24-28 weeks 
25 tones 600 2 weeks 
9 tones (300 mel spacing) 576 4 weeks 
9 tones (100 mel spacing) 1,008 7 weeks 
10 msec amplitude incre- 25,000 20 hours 
ments added o dichotic 
carrier 
500 and 3400 Hz tones, 1,750 7 hours 
broadband noise, and 
“scratch” 
2500 Hz tone, filtered P 6 hours 


1000 Hz squase wave, 500- 
4000 Hz band noise 
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wee 6. Time course of discrimination learning, for 
word-length auditory patterns. Just-detectable changes in 
component frequency (Af/f) were reduced from 0.10 to 
approximately 0.015 over 14 hours of minimal-uncertainty 


training (after Watson, Kelly, and Wroton"‘). (Reprinted 
with permission.) 


listener’s performance at 62% correct. The data 
tracks labeled A, B, C, and D are for four different 
target components within the patterns, for each of 
which discrimination improved over the course of 
ten one-hour training sessions, with 600 trials per 
session. After the initial ten hours of training the 
task was changed to one in which the same pattern 
was presented on each trial, although the listeners 
still did not know which component was subject to 
change. Under the new condition additional learn- 
ing occurred, although its time course was some- 
what shorter than in the first section of the experi- 
ment. Table 4 shows the estimated amount of train- 
ing, in numbers of trials and in one-hour sessions, 
that we have found necessary to learn to discrimi- 





nate between complex tonal patterns under various _ ONESHOUR BERGISNS 
psychophysical methods and with different levels of Fig. 7. The time course of learning a complex auditory 
oai i al i i discrimination task, in a study by Watson and Kelly." The 
stimulus uncertainty. By stimulus uncertainty 1s stimuli were word-length tonal patterns, and the task was 
meant the predictability of the pattern to be heard to discriminate changes of the frequency, intensity, or 


duration of single tonal components. 


TABLE 4. TIME COURSE OF PERCEPTUAL LEARNING: DISCRIMINATION OF WORD-LENGTH TONAL PATTERNS 


Stimulus Est. Trials to Est. Time to 
Task (Metho Number of Patterns Target Tones Asymptote Asymptote 

Frequency discrimination l Position 10; 815 Hz 5 ', hour 
(method of adjustment‘) 
Frequency discrimination l Position 3; 815 Hz 10 1 hour 
(method of adjustment) 
Frequency discrimination l Position 2; 920 Hz 3,600 6 hours 
(same-different) 
Frequency discrimination 50 Temporal positions (2, 4, 7, 6,000 10-15 hours 
(same-different) and 10); five frequen- 

cies (565-1327 Hz) at each 

position 
Intensity discrimineticn New pattern on each Temporal positions (2, 4, 7, 11,000 18 hours 
(3AFC) trial and 10); five frequencies 

(565-1327 Hz) at each posi- 

tion 
Duration diserimination New pattern on each Temporal positions (2, 4, 7, 13,000 20-25 hours 
(same-different) trial and 10); five frequencies 

(565-1327 Hz) at each posi- 

tion 
Random series of frequen- New pattern on each Temporal positions 3 and 15,000 25-30 hours 
cy duration, and intersity trial 8; two frequencies (534 and 


discrimination (3AFC) 1688 Hz) at each position 
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on the next trial, typically scaled by the number of 
patterns in a catalog from which a sample is:drawn 
on each trial. Additional uncertainty varietion is 
accomplished by changes of the number of temporal 
or spectral components subject to change in a given 
pattern. The time to asymptotic discrimination per- 
formance in these experiments can be seen in the 
table to vary greatly with the level of uncertainty. 





Previous studies of auditory perceptual learning, 
plus our own work on the discrimination of word- 
length tonal patterns, support the following general 
conclusion. For simple sounds, including especially 
single tones or notes played on a musica! instru- 
ment, asymptotic detection performance is ap- 
proached in 1-2 hours, discrimination in 2-5 hours, 
and identification in 10-100 hours, depending on 
the size of the stimulus catalogs. With more com- 
plex stimuli these times may be greatly extended, to 
several hours for detection, 4-12 hours for discrimi- 
nation, and 20 to many hundreds of hours fer iden- 
tification, depending on the complexity of the 
stimuli and, again, on the size of the stimulus 
catalogs. 


There are important messages in these facts of 
auditory learning for the measurement of auditory 
capability in general. For our purposes here, 
however, the message is somewhat different and 
more specific. The slowest form of auditory learn- 
ing is always involved when we attempt to learn an 
auditory code, as in the case of drastic receding of 
speech information for impaired listeners. We have 
rejected, time and again, auditory recoding 
schemes because of one of two reasons: either they 
were not successfully learned after a few weeks, or 
even a month or two of practice (an hour a day), or 


we reject them a priori because the transformed 
speech doesn’t sound like anything that could be 
produced by a human vocal tract. The learning 
data reviewed here, especially the increases in the 
time course of learning as you go from detection to 
discrimination to identification tasks, as you go 
from simple to complex stimuli, and as you go from 
tasks in which you have a few stimuli in a catalog to 
many. clearly show that we shouldn’t expect to 
learn <o identify the sounds of human speech as we 
do, even if we didn’t know anything about human 
speech at all, in less than two or three years. So to 
assume that a drastic auditory recoding scheme is a 
failure with a shorter trial than that is totally at 
odds with established fact. 


The exploitation of residual hearing through 
drastic acoustic recoding of speech thus may require 
periods of learning as long as those required by 
children in learning the normal speech code. The 
data reviewed here suggest that such efforts should 
be made in two stages. Recoding schemes should be 
initially analyzed by measuring the discriminability 
of individual recoded phonemic elements. There is 
obviously no sense in proceeding to the high-uncer- 
tainty identification task represented by actual use 
of the new code, if its elementary components can- 
not be resolved. Thus the time-consuming part of 
code learning should be deferred until it is estab- 
lished that the listeners can cope with the reduced 
task. This strategy would allow us to make a valid 
selection from among alternative candidate codes, 
by means of the relatively speedy discrimination ex- 
periments. The extremely long training period to be 
devoted to a single new auditory code could thus be 
entered with reasonable expectation of success. 
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NEUROPHYSIOLOGICAL CORRELATES OF AUDITORY MATURATION 


ERIC JAVEL, PhD 


OMAHA, NEBRASKA 


At the time of its birth, the auditory system of the cat is not completely developed. Anatomic maturity of the peripheral auditory 
system, ie, the cochlea, auditory nerve and cochlear nucleus, is attained at abowt two or three weeks of age. Physiological response proper- 
ties of neural elements of the peripheral auditory systern change radically during the first few weeks of life, with most measures of respon- 
siveness to acoustic stimuli reaching adult status by the end of the third or fourth postnatal week. The physiolcgical maturation of neural 
responses correlates well with the anatomic maturation of the auditory structures. At least one physiological response property, namely the 
ability of cochlear nucleus neurons to time their discharges in response to low-frequency tones, is not fully achieved until the sixth postnatal 
week or later. Although considerably less is known about the development of the central auditory system, it appears that it is in part depen- 
dent upon the maturation of more peripheral elements. Auditory evoked responses, for example, follow roughly the same developmental 
time course as do the majority of response properties əf peripheral neurons. This implies that the central system is ready to function at 
birth, but that it must await the maturation of more peripheral elements before it can function properly. In contrast to that of the cat and 
other mammals, the auditory system of the human is relatively well advanced at birth. Certain aspects of brain development, such as den- 
dritic aborization and axonal myelination, undergo censiderable change postnatally. How these factors influence hearing is not known. 


INTRODUCTION anc physiological studies of postnatal auditory ma- 

The early assessment of auditory function is of turation in the cat have been undertaken, most not- 
obvious clinical importance in identifying what ably by the French groups headed by Pujol and 
may become problem areas in later life. The audi- Marty.**° Likewise, the embryonic and neonatal 
tory system is typically presumed by clinicians to be development of the human auditory system has 
fully functional at birth; however, in actuality not been studied,''''® as has auditory development in 
much is known about either the degree of perfor- other animals such as the rabbit,” the oppos- 
mance the neonatal auditory system can attain, the sum,'**?° and the mouse.?™? Even with this sizeable 
rate of development of auditory function, or the amount of work, however, the picture regarding 
time when the entire system is functionally mature. aucitory development is by no means complete. 


What is particularly weak is the state of knowledge 
regarding physiological development, although 
some ground is being gained. Studies of evoked 
potentials have been performed***-** as have studies 
of responses of single auditory neurons**®?’-* and of 
cochlear potentials.®?>?°-3 These works, taken 
together, suggest that at birth the ear is relatively 
insensitive to sound, but auditory function develops 
rapidly and reaches near-adult status by the age of 
three weeks. 


A necesssary precursor to the development of ade- 
quate tests of neonatal auditory function is the un- 
derstanding of the neonatal system’s capabilities. It 
is not possible, however, to investigate directly 
many physiological aspects of human auditory 
function. Most of the information currently avail- 
able regarding the auditory capabilities of neonates 
deals either with gross potentials recorded ex- 
tracranially or with reflex activity.' Both of these 
measures entail complicated anatomical amd phys- 
iological mechanisms, and they provide Kittle in- 
sight into the precise nature of the developmental 
sequence. With other animals, however, aspects of 
maturation may be investigated directly, both on 
the gross and the cellular level. Assuming that 
human auditory development follows the same 
course of events as in lower animals, one may infer 
information about human auditory function by 
scaling aspects of the anatomic development of 
auditory structures of animals to those of man. 


In this presentation, we will review the major as- 
pects of anatomic and physiological development in 
the neonatal cat. We will show that physiological 
maturation as measured by cochlear potentials, by 
responses of single neurons and by evoked poten- 
tials, proceeds in a rapid manner following birth, 
anc that the time course of physiological develop- 
ment correlates well with the completion of neuro- 
anatomic development. Also, we will show that 
even though most aspects of physiological respon- 


For several reasons, the cat is an appropriate siveness in the cat auditory system are complete by 
choice of animals with which one may compare au- three or four weeks of age, there still remains at 
ditory development to that of man. Neuroanatom- least ane element, namely the temporal ordering of 
ically, the two systems are similar, and cochlear discharges, which attains adult status at a yet later 
function in the cat is virtually identical tc that of time. Finally, we will identify directions future 
man, albeit on a smaller scale.>? Several anatomic reseach might consider taking. 


From the Department of Otolaryngology and Human Communication, Boys Town Institute and Creighton University School of Medicine, Omaha, 
Nebraska. This work supported by a Biomedical Research Development Grant from NIH. 
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ee Oxgan of Corti in cat at various time p ieee surrounding birth. 1) Basal turn of cochlea at 55 days gestation. 
Hair ce 


are recognizable, but the structure is mar 


eedly immature. 2) Basal turn at birth. Tunnel of Corti is not yet differen- 


tiated. 3a Basal turn at three days of age. Tunnel of Corti is open, and Nuel's space is visible. 4) Basal turn at 12 days of age. 


Adult ecnformation has been aned (From Pujel and Marty.® 


ANATOMIC CONSIDERATIONS 


At the time of its birth, the auditory apparatus of 
the cat has not yet reached maturity. The external 
auditory meatus is closed, and the middle ear is-filled 
with a gelatinous mesenchyme. The ossicles are not 
fully ossified, and the cochlear structures (particu- 
larly in the apex) are markedly underdeveloped. 
The auditory nerve is poorly myelinated, and axon 
diameters ave smal.. Likewise, the cochlear nuclei 
are small and possess immature cells, some of which 
do not exist in the adult animal. 


The external ear canal opens at about seven days 
of age, whieh coincides in time with resorption of 
the mesenchyme in the middle ear. By three weeks 
of age, the neseacayme is fully resorbed, and the 
external anc middle ears are fully functional. 


The cat cochlea apparently develops in a base-to- 
apex sequence. At birth, the otic capsule has reached 
its final dimensions, but only the basal turn is fully 
ossified. The hair cells are recognizable, but they 
(particularly the outer hair cells) appear immature; 
the tunnel of Ccrti is not differentiated, and the 
supporting eells are poorly formed‘ (Fig. 1). The 
apex of the cochlea is structurally more immature 
than is the base: the hair cells are barely differen- 
tiated and the basilar membrane is thick. The stria 
vascularis is distinguishable, more so in the basal 
turn than the apical turn. The fact that the basal 
turn of the cochlea matures more rapidly than does 
the cochlear apex is curious, for it has been shown 


Reprinted with permission. ) 


that in the mouse it is the basal turn cells which are 
“older. ™? Thus, while the adult cells of the cochlear 
apex appear earlier, they apparently mature later. 


Compared with the organ of Corti, the spiral 
ganglion and auditory nerve appear to be more de- 
veloped at birth. The neurons possess a myelin 
sheath, but the sheath is poorly developed. The 
neurons themselves are small and are arranged in 
dense masses. Neurons connected to inner hair cells 
apparently mature earlier than do neurons con- 
nected to outer hair cells.” The axons of the auditory 
nerve are relatively small and are poorly myelin- 
ated.’ In the mouse, the neurons innervating the 
basal cochlear turn undergo final mitoses earlier 
than the neurons innervating the apex. 


Following birth, the cochlea and auditory nerve 
develop rapidly. By the 12th day of age, the basal 
turn of the cochlea is anatomically mature: the tun- 
nel of Corti and Nuel’s space are open, the support- 
ing cells are fully grown, the hair cells and their 
synapses are fully differentiated, and the stria vas- 
cularis is anatomically developed. The apical turn is 
not fully mature at 12 days, but it completes its 
development before the end of the third postnatal 
week.® At the same time that the cochlea is com- 
pleting its maturational sequence, the auditory 
nerve is becoming better myelinated and axonal di- 
ameters are increasing. Even so, final dimensions 
for auditory nerve fibers are not reached until two 
months of age or later.’ 
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Fig. 2. Sensitivity curves showing development of cach- 
lear microphonic threshold and frequency range in the 
mouse. Numbers on the curves indicate the age of each 
animal in days. All animals were born on the same day. 
Note the increase in frequency bandwidth and the decrease 
in threshold with increasing age. (From Crowley and 
Hepp-Reymond.” Reprinted with permission. Copyright 
1966, Am Psych Assoc.) 


The development of the cochlear nuclei coimcides 
roughly with the development of the auditory 
nerve. At birth, the cochlear nuclei possess small, 
darkly-staining neurons which are densely paeked. 
These neurons are apparently still in an active 
migratory phase, and considerably more neurons 
exist in the newborn kitten than in the adult.” In 
the anteroventral cochlear nucleus (AVCN), the 
dendritic trees of the neurons attain adult confor- 
mation by the end of the second postnatal month. 
By this time, the nucleus is of adult size and struc- 
türe, 


In summary, in the cat the cochlea and the struc- 
tures peripheral to the cochlea are structurally ma- 
ture by the end of the third postnatal week. The 
neural elements of the central auditory system, 
however, lag behind the cochlea in their structural 
development, taking two months or more to reach 
maturity. 


PHYSIOLOGICAL CONSIDERATIONS 


Cochlear Potentials. As might be expected, given 
the structural immaturity of the cochlea at birth, 
the electrophysiological potentials of the inner ear 
of the cat are also immature in the time period im- 
mediately following birth. In accordance with the 
rapid anatomic development of the cochlea, how- 
ever, these potentials attain adult status by the end 
of the first postnatal month. 


At birth, the cochlear microphonic (CM) is re- 
duced in amplitude and is restricted to a relatively 
narrow band of frequencies. When recorded with 
an electrode placed on the round window (mesen- 
chymal tissue having been aspirated), responses to 
frequencies less than 500 Hz are difficult to elicit, 
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AGE IN DAYS 
Fig 3. Development of endocochlear potential in the 
cat. Adult values are attained during the fourth postnatal 
week. (From Fernandez and Hinojosa.” Reprinted with 
permission.) 
even at the highest signal levels. Likewise, responses 
above & kHz show grossly elevated thresholds. By 
five days of age, CM may be observed at all fre- 
quencies but thresholds are elevated and the input- 
output curve possesses a lower slope than that seen 
in aduks. Studies of CM in the rat and mouse??? 
present the same overall picture, except that onset 
of CM functioning occurs at a later date (Fig. 2). 


The endocochlear potential is of very small 
amplitude at birth and increases steadily in magni- 
tude with age, reaching adult amplitude during the 
fourth postnatal week” (Fig. 3). This is in apparent 
accord with the rate of development of the stria 
vascularis. 


The whole-nerve action potential (WNAP) is not 
seen in the first few days of life and is not seen until 
CM has been established. Pujol and Hilding® could 
not elicit WNAP until seven or eight days following 
birth, but we* could observe WNAP on the third 
day using very intense clicks. The onset of WNAP 
may be correlated with the rapid myelination of 
auditory nerve fibers in the days following birth, 
with concomitant synchronization of afferent im- 
pulses in the auditory nerve. 


Respenses of Single Neurons. Despite the struc- 
tural immaturity of the cochlea, auditory nerve and 
cochlear nuclei, responses to tones may be elicited 
from beth the ventral and dorsal divisions of the 
cochlear nuclei at birth.* These responses are weak, 
however, with neurons possessing high thresholds, 
low discharge rates and curious temporal discharge 
cadences. Anteroventral cochlear nucleus neurons 
are tuned somewhat more broadly than those ob- 
served in adults.”* These findings indicate that trav- 
eling waves are supported in the neonatal cochlea, 


- but that they may undergo refinements in the weeks 


following birth. 


*Javel E. Brugge JF, Kitzes LM. Unpublished data. 
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Fig. 4. A,B) Response areas of two anteroventral cochlear nuclei (AVCN) neurons taken from a 45-day-old kitten. The 
response areas are indistinguishable from those obtained in adult animals, in terms of shape, extent, threshold, and discharge 


rate. (From Brugge et al.** Reprinted with permission.) 


During the first postnatal week, al) AVCN 
neurons contaeted possess exceedingly high thres- 
holds, even more so than can be expected on the 
basis of the pocrly functioning middle ear. Response 
areas taken fram AVCN neurons at this time (Figs. 
4-6) indicate he functional immaturity of these 
cells. In additien to the elevated thresholds and low 
discharge rate. the latent period to the first spike 
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(Fig. 7) is lengthened considerably.” The long la- 
tent period cannot be accounted for on the basis of 
decreased conduction velocity in poorly myelinated 
fibers. All of the aforementioned response charac- 
teristics develop rapidly in the first few weeks 
following birth, and most aspects of AVCN neuron 
discharge patterns attain adult status by the end of 
the first postnatal month. 
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3 ig. 5. Response areas of AVCN neurons taken from kittens of age A) four days, B and C) five days, D) seven days. 
Whil the reurons are tuned, the extent of the response areas is greater than that observed in adult cats, the thresholds for 
tones are gæa-ly elevated, and the discharge mate is low. (From Brugge et al.” Reprinted with permission.) 
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Fig. 6. Response areas of AVCN neurons taken from kittens of age A) 10 days, B) 18 days, C) 20 days, D) 29 days. As 


time passes and the neural and mechanical elements of the audito 
also become more reminiscent of those seen in adults. By the fourth postnatal week, the majority of AV 


system attain anatomic maturity, physiological responses 
N neurons have at- 


tained “adult” status with regard to threshold, frequency selectivity, and discharge rate. A minority of cells possess elevated 


thresholds interspersed with 


One characteristic, namely the ability of AVCN 
neurons to synchronize or “phase-lock” their dis- 
charges to the cycle of a low-frequency tone, is not 
fully developed even at six weeks postpartum.?’:”8 
Prior to the second postnatal week, AVCN neurons 
are unable to follow frequencies to the extent seen 
in adult animals, even though the stimuli may be 
strongly excitatory (Fig. 8). During the second 
postnatal week and continuing thereafter, an in- 
creasing proportion of neurons attain the adult 
ability to phase-lock to frequencies as high as 3000 
Hz, although a significant number of neurons still 
do not possess this characteristic. Ultimately, the 
neurons separate into the two populations observ- 
able in AVCN of adult cats, ie, one group which 
phase-locks as well as auditory nerve fibers and 
another group which does not phase-lock above 
1000 Hz (Fig. 9). Thus, the ability to phase-lock to 
pure tones is one of the last response characteristics 
to develop, and this development occurs in accord 


ow-threshold neurons. (From Brugge et al.-* Reprinted with permission.) 


with the previously mentioned completion of mye- 
lination and growth of auditory nerve fibers. 


Verv few studies have been concerned with the 
development of discharge characteristics of neurons 
in auditory nuclei more central than the cochlear 
nucleus. What work has been done, however, seems 
to indicate that responses may be elicited at birth, 
although thresholds are high and tuning is 
broad.**5 It has been argued*** that the central 
auditory pathway is ready to function at birth, but 
that a crucial peripheral element, namely the syn- 
apse between the hair cell and the spiral ganglion 
neuron, is not mature at birth, and this immaturity 
degraces the more central response. This matura- 
tion occurs over a three-to-four-week period follow- 
ing birth. 


Evoked Potentials. The brainstem evoked re- 
sponse (BER) has been studied in kittens.?°?” The 
results of these studies indicate that the BER is not 


108 ERIC JAVEL 


o 
a 








B 4-14 pays 
D 15-45 DAYS 
©) AOULT 


© 


NUMBER OF UNITS 
w 


100 200 300 400 
MAXIMAL RATE (SPIKES/SEC) 


SPIKES/SEC MAX 





5 10 15 20 25 30 35 40 45 ADULT 





Dis 
i V 
= 
zZ10 
120 2 
110 35 
a < x 
wo 100 .- 4 5 
œ 90 = 
P 80 z a 
c TO , 5 = O 20 40 60 80 10 120 
Oo 60 ° ’ THRESHOLD - dB SPL 
pa 
Ww 
WwW 
x 
I Kand 
me 





A 
5 10 15 20 25 30 35 40 45 ADULT 
F 20 
yn 
= 1§ 
= 
= 
E Ò 

15.0 j 10 
uJ 
© 
A j B 
z 

10.0 1° 





Es 2 4 6 8 10 12 14 16 
ve 4 a LATENCY (MSEC) 


LATENCY (MSEC) 





— 
45 ADULT 


3 10 5 20 25 30 35 40 
AGE (DAYS) 


ki 7. A) Maturation of maximum discharge rate, C) 
threshold at characteristic frequency (CF), and E) first- 
spike latency, all as a function of age. By the third or 
fourth postnatal week, all indicators have attained essen- 
tially adult-like values. Inserts in the figure (B, D, F) in- 
dicate distribution of these measures by age. (From Brugge 
et al.** Reprinted with permission.) 


easily elicited Guring the first postnatal week. By 
the end of the second week of life, however, it is 
present although the latencies of the individual 
peaks in the BER waveform are lengthened. Also, 
the waveform is of a different shape in newborns, 
with earlier waves showing double peaks and later 
waves being absent in younger animals. By the sixth 


postnatal week, the waveform and latency discrep- 
ancies are resolved and an adult-like response is 
observed (Fig. 10). Many of the aspects of the im- 
mature BER may be resolved when one considers 
that a) the time course of BER development follows 
the time course of myelination in the peripheral 
system, b) the thresholds for auditory responses 
decline drastically in the first two or three weeks of 
life, and c) the degree of phase-locked activity in the 
peripheral auditory nuclei grows substantially in 
the first postnatal month. 


Several studies have traced the development of 
the cortical evoked response in kittens from the time 
of birth.*?*> These have shown that the auditory 
evoked response (AER) possesses a low amplitude 
and increased latency in the first postnatal week, as 
well as an immature waveform and a high thresh- 
old. By four weeks of age, however, the AER is 
adult-like in amplitude and waveshape, and is near- 
adult in threshold and latency (Fig. 11). 


DISCUSSION 


The auditory system of the kitten, both anatomi- 
cally and physiologically, is in a dynamic state of 
change during the first postnatal weeks. Coincident 
with attainment of structural maturity is the rapid 
development of physiological responsiveness at all 
levels of the system, with most measures of physio- 
logical responsiveness being indistinguishable from 
those of the adult cat at four weeks of age. At least 
one measure, ie, phase-locking, requires more time 
to develop. 


For reasons cited earlier, the cat is a reasonable 
model with which one may compare human devel- 
opment. There is reason to believe, however, that 
the rates of development of cat and human are dif- 
ferent, and that the human is functionally more ad- 
vanced at birth than is the cat. A problem, then, is 
to transform the time course of cat auditory devel- 
opment such that it fits the time course of human 
auditory development. This is not an easy task, for 
the measures of auditory responsiveness previously 
used for humans differ from the more precise mea- 
sures described above for cats. 


Clinically, it is generally assumed that the human 
neonate possesses auditory thresholds and process- 
ing capabilities which are reasonably mature. The 
evidence for this assumption, however, is shaky, be- 
ing based largely upon conditioned heart rate 
changes in response to sound and upon orienting 
and other reflexes. Both of these entail complicated 
central mechanisms, and the responses are elicitable 
only at relatively high signal levels. Nonetheless, it 
is reasonable to presume that the newborn human 
possesses a greater auditory capability than does the 
newborn cat. 


The state of the auditory system of the newborn 
cat may be similar to that of the third-trimester 
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Fig. 10. Development of brainstem evoked response in 
kittens. Intensity was set to 60 dB re human audiometric 
threshold. This level is incapable of generating a response 
in kittens less than two weeks of age. Adult conformation 
and amplitude is attained after the fourth postnatal week. 
(From Jewett and Romano.”* Reprinted with permission.) 


human fetus. This does not mean, however, that 
upon emerging from the womb, the human is capa- 
ble of mature auditory function. On the contrary, 
several studies have indicated that human auditory 
development, particularly the more central process- 
ing functions, proceeds for more than one year 
postpartum, even after all physiological indicators 
have attained adult status. Thus, while the cat is 
less mature at birth than the human, it catches up 
rapidly and passes the human. Owing to the greater 
degree of final development of the higher auditory 
centers, however, the human has a longer road to 
travel than does the cat. 


If the physiological studies undertaken in the cat 
are any indicator, then human auditory perfor- 
mance in the time period following birth should be 
poor, especially with regard to tasks requiring cen- 
tral processing. For example, given the lack of 
frequency-processing ability in the neonatal cat, 





100 C/S 


Fg. 11. Cortical evoked response in kittens, taken dur- 
ing the first weeks following birth. The response attains 
adu t amplitude and waveshape near the end of the first 
peat month. Prior to this, ae ge are reduced, 
atencies to the peaks are lengthened, and the waveshapes 
are atypical. The left-column represents single responses, 
and the right-hand column shows superimpositions of 
multiple responses. The vertical lines to the right indicate 
100 uV. The sinusoid at the bottom indicates a time ref- 
erence of 100 Hz. A) 9 days of age; B) 15 days; C) 22 days; 
D) 25 days; E) 91 days. (From Ellingson and Wilcott.?* 


Reprinted with permission. ) 


frequency discrimination should be poorly devel- 
oped. How other aspects of human auditory perfor- 
mance are affected is not known, but it appears safe 
to presume that most aspects of auditory processing 
in the neonatal human are not fully developed at 


birth. 


Of audiologic importance is human neonatal sen- 
sitivity to sound, ie, thresholds. Given the data 
availe dle for the cat and the behavioral data on hu- 
man imfants, it is reasonable to assume that human 
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auditory thresko-ds are elevated at birth. The pre- 
cise extent of tae elevation is not known, but extra- 
polation of the cat data would indicate that the 
threshold shift should not be great. 


In conclusion, there is a growing understanding 
of the development of auditory capabilities in both 
cat and man. Ia spite of this, there exist several gaps 
in our knowledge. It is not known, for example, 
how development proceeds in auditory centers 
more central than the cochlear nuclei, nor is much 
known about the time course of “higher,” ie, cor- 
tical, functions which influence perception and per- 


formance. These would include pattern or vocal 
discrimination and localization of sound in space, 
among others. Also, the effect on auditory perfor- 
mance of trauma or lesions at or before birth (such 
as anoxia, tumors, chemical imbalances, etc) is not 
known. As described above, the cat is a reasonable 
model upon which manipulations such as these may 
be performed. When these data are obtained for the 
cat, we may be in a position to develop better tests 
of human neonatal auditory function. In time, this 
would lead to an improved ability of the clinician to 
identify problem areas earlier in life than has thus 
far been practicable. 
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EFFERENT COMPONENTS OF THE AUDITORY SYSTEM 


W. BRUCE WARR, PhD 


OMAHA, NEBRASKA 


The origins and terminations of the olivocochlear bundle, which provides an efferent innervation to the organ of Corti, are described 
on the basis of experiments using axonal transport of tracer substances and light microscopy in the cat. The cells of origin were labeled by 
the retrograde tracer horseradish peroxidase which was injected unilaterally into the cochlea. Labeled cells in the superior olivary complex 
could be dichotomized according to their location (lateral or medial), their size (small or large), and their preferred side of projection (un- 
crossed or crossed). All labeled olivocochlear neurons exhibited a positive reaction for acetylcholinesterase. To determine the cochlear pro- 
jections of the neurons. injections of a radioactive amino acid were made into either the lateral or medial olivocochlear cell group. After 
allowing time for synthesis and axonal transport of radio-labeled protein to reach synaptic endings in the cochleas, the tissue sections of 
these specimens were processed for autoradiography. The results indicate that lateral olivocochlear neurons project to the region beneath 
the inner hair cells of both sides, whereas medial olivocochlear neurons project to the region beneath the outer hair cells of both sides. These 
findings are in substantial accord with previous experimental work but suggest that the organ of Corti receives a dual efferent innervation 
which is organized according to the location and morphology of its cells of origin. Accordingly, it is proposed that the two efferent com- 
ponents of the cochlea- innervation described here be referred to as the lateral and medial olivocochlear systems, replacing the current 
designations of crossed and uncrossed olivocochlear bundles, the latter which are demonstrably heterogeneous in their origins and termina- 


tions and, probably, also in their functions. 


INTRODUCTION 


One of the most intriguing features of the 
auditory pathway is the existence of the recurrent 
projection to the organ of Corti known as the olivo- 
cochlear bundle (OCB). First described more than 
30 years ago and known for a time as “the tract of 
Rasmussen” after its discoverer Grant Rasmussen,’ 
this small group of nerve fibers has engaged the ac- 
tive research interest of anatomists, physiologists 
and psychologists alike. Emerging from these-efforts 
are a number of findings which point toward an in- 
hibitory role?! for the OCB exerted both at the level 
of the outer hair cells®-'? and upon the dendrites of 
cochlear nerve fibers with the organ of Corti.'*'° 
Although the inhibitory action of the OCB has not 
been directly measured in behaving organisms, 
some workers have adduced evidence suggesting 
that these fibers may serve to improve the detection 
of signals in noise‘‘ or alternatively, may be engaged 
in the suppression of behaviorally irrelevant 
acoustic input." A status report on our understand- 
ing of the OCB has been presented in an extensive 
1974 review by Klinke and Galley.'® 


The purpose of this paper is to describe some re- 
cent experiments designed to clarify the origins and 
terminations of the OCB in the cat. These experi- 
ments have made use of some newly developed tech- 
niques for tracing axonal connections, and have 
produced some unexpected findings regarding the 
efferent innervation of the cochlea. It is hoped that 
these new data concerning the anatomical organi- 
zation of the OCB will aid physiologists and psy- 
chologists in their pursuit of the ultimate functional 
significance of this fascinating fiber bundle. 


METHODS 


EXPERIMENT 1 


Identification of the Cells of Origin of the OCB. The cells of 
origin of the OCB were identified by the method of retrograde 
transport of horseradish peroxidase (HRP).'® The principle 
underlying this method is that HRP injected into a region contain- 
ing synaptic terminals is taken up and rapidly transported intra- 
axonally in a retrograde direction to the neuronal cell body where 
it can be detected histochemically (Fig. 1). 


Kittens ranging in age from newborn to three weeks were 
anesthetized and the round window of one side was exposed and 
injected with 1-20 „l of aqueous 10% HRP (Sigma Chemical Co, 
type VI). After 24 hours, the animals were reanesthetized and fixed 
by perfusion through the heart with a buffered aldehyde mixture. 
The brains were removed and frozen sections made at 40 pm 
through the brainstem. HRP was demonstrated by the procedures 
of Graham and Karnovsky using 0O-dianisidine as the 
chromogen.” In some cases these same sections were further in- 
cubated for demonstration of acetylcholinesterase before being 
mounted on slides, counterstained with cresyl violet and 
coverslipped in Permount® . 


EXPERIMENT 2* 


Determination of the Projections of Olivocochlear Nerurons. 
The projections of olivocochlear neurons to the organ of Corti 
were identified by the method of autoradiography following 






Axon 


— e e a e a oe e Ñ 







Axon 
Terminal 
Fig. 1. Retrograde axonal transport of horseradish 
peroxidase. 
*This work was performed in collaboration with Dr. John J. Guinan, 
Jr., Eaton-Peabody Laboratory of Auditory Physiology, Massachusetts 
Eye and Ear Infirmary, Boston, Massachusetts. 
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Fig. 2. Anterograde axonal i eh of radio-labeled 
protein. Stippling over tissue in the microscope slide 
autoradiograph indicates silver grains. 

anterograde axonal transport of radio-labeled protein (Fig. 2).” 

This method is basd on the fact that if a labeled amino is injected 

into the vicinity of neuronal cell bodies, it is taken up and incor- 

porated into protein which are then rapidly transported to the ax- 
on terminal where they may be detected by autoradiography. 


Twelve adult cats were anesthetized with Dial® -urethrane 
and prepared for bilateral acoustic stimulation. A gross recording 
electrode was advanced through the superior olivary complex via 
a ventral approach through the basioccipital bone.?? Using evoked 
auditory responses as landmarks, the depths of various nuclei of 
the olivary complex were charted. The gross electrode was then 
withdrawn and an injection pipet affixed to a microliter syringe 
was inserted to an appropriate depth. An injection of 4-8uCi of 
35S-methionine (New England Nuclear Corp) was delivered con- 
tinuously in a volume of 20-60 nanoliters of distilled water at a 
constant rate of 0.7 nanoliters per minute. The animal was main- 
tained on anesthesia and kept at 37 C for 24 hours. Fixation was 
by perfusion through the heart with phosphate buffered (pH 7.4, 
0.1M) 0.5% paraformaldehyde and 2% glutaraldehyde. The 
brain was removed and sectioned at 30x on a freezing microtome. 
Every tenth section was mounted on slides, defatted in xylene and 
dried. The cochleas were also removed, decalcified in 10% buf- 
fered (pH 7.0) EDTA and embedded in araldite plastic to which 
8% by volume of dibutylphthalate had been added as:a softener. 
Sections were cut on a rotary microtome at 4-10, in the plane of 


a 


LEFT COCHLEA 
INJECTED WITH HRP 


the modiolus. Serial sections were collected and mounted on 
slides. All slides were processed for autoradiography (AR) in 
Kodak NTB-2 liquid emulsion, boxed with dessicant and stored at 
4 C until developed. Exposure times for the brain sections ranged 
from 7 to 42 days, and for the cochleas, from 14 to 120 days. 
Following development slides were usually counterstained with 
either neutral red (brain) or toluidine blue (cochleas), dehy- 
drated, and covered in Permount. In assessing the autorad- 
iographs of the cochleas, we used the criterion that four or more 
silver grains clustered within a 12 x 12 » square constituted an 
autoradiographically (AR) positive finding. This criterion was set 
in order to reduce to a minimum the chance that randomly scat- 
tered “background” silver grains would be mistaken for grains 
caused by the disintegration of *°S. 


RESULTS 


EXPERIMENT 1 
Figure 3 shows the distribution of HRP-labeled 


olivocochlear neurons, as reconstructed from two 
newborn kittens, 24 hours after unilateral injections 
into the left cochlea. The counts shown in the figure 
are the larger of the values obtained in each locus in 
the two animals 


Labeled neurons were scattered throughout the 
superior olivary complex, but appeared to form two 
fundamental groups on the basis of their size, loca- 
tion, and preferred side of projection. For example, 
there is a greater number of labeled cells in the 
lateral olivary zone on the injected side than in the 
same zone contralaterally. In the medial olivary 
zone, quite the opposite is true. Thus the projec- 
tions to the cochlea from the lateral zone are pre- 
dominantly ipsilateral, whereas from the medial 
zone they are predominantly crossed. 


Rather obvious differences in neuronal size also 
were observed between the cells in the two groups 
(Fig. 4 A, B). Measurements length and width of 
cell bodies made on 50 labeled neurons in each locus 





Fig. 3. Summary of counts and locations of cochlear efferent neurons in two kittens in which horseradish peroxidase 
(HRP) had access to only one labyrinth. Injected side is on the left. Total cochlear efferents: 1863; small cell - ©, large cell 
-/\. Broken line passing through the medial superior olivary nucleus indicates the line of demarcation between the lateral and 
medial superior olivary zones. See text for further details. DMPO - Dorsomedial periolivary nucleus; LSO - Lateral superior 
olivary nucleus; MSO - Medial superior olivary nucleus; MNTB - Medial nucleus of the trapezoid body; VNTB - Ventral 


nucleus of the trapezoid body. 
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Fig. 4. A) Lateral olivocochlear neurons. B) Medial 
olivocochlear neurons. (10 px) 


in one newborn kitten plotted in Figure 5 tend to 
confirm the impressions gained from examining 
large numbers of these cells. 


Since evidence from a variety of sources? has 
implicated acetylcholine as the neurotransmitter of 
the olivocochlear bundle, tissue sections containing 
HRP-labeled olivocochlear neurons were incubated 
for the demonstration of acetylcholinesterase, 
which is present in readily demonstrable amounts in 
cholinergic neurons. Virtually all HRP-labeled neu- 
rons were shown tc contain acetylcholinesterase.”’ 


EXPERIMENT 2 


The difference between lateral and medial olivo- 
cochlear neurons with respect to their size and pre- 
ferred side of projection prompted an investigation 
of the termina] distribution of their projections 
within the argan or Corti. The results from two typ- 
ical animals, one with an injection of **S-meth- 
ionine in the latera_ zone, and one with an injection 
in the medial zone, will be presented. Figure 6 
shows the results of an injection which was centered 
in the lateral zone. close to the dorsal hilus of the 
lateral superior olivary nucleus which is particular- 
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ASTERISKS: LATERAL OCB NEURONS (N = 50) 
o TRIANGLES: MEDIAL OCB NEURONS (N = 50) 
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Fig. 5. Scatter plot of length versus width measurements 

of lateral and medial olivocochlear neurons. 


ly heavily populated with small olivocochlear 
neurons. In the cochleas, clusters of silver grains, 
which are a reflection of radioactively labeled pro- 
teins in synaptic endings and their parent axons,”® 
were located beneath inner hair cells (Fig. 7A) of 
both cochleas. The magnitude of labeling along the 
length of the organ of Corti was quantified by coun- 
ting in each odd-numbered slide of a serial set, the 
silver grains which lay within a 12 x 12» grid square 
placed beneath the inner hair cell and beneath each 
of the three rows of outer hair cells. A count of 
seven or more silver grains was coded in the 
cochlear schematics in Figure 6 as filled symbols, 
four to six grains as half-filled symbols, and three 
grains or less as blank symbols. On the ipsilateral 
side, silver grains beneath inner hair cells were pres- 
ent throughout the length of the organ of Corti, but 
were somewhat sparse in the basal extremity, or 
“hook” region. Rarely, instances of weak or 
moderate accumulations of silver grains beneath 
outer hair cells were encountered. In the con- 
tralateral cochlea, the synaptic structures were 
generally somewhat more sparsely labeled than ip- 
silaterally, but were located predominantly be- 
neath inner hair cells. Again, there were rare in- 
stances of labeled terminals beneath outer hair 
cells. 


Much of the lower basal turn and hook regions 
were almost devoid of significant accumulations of 
silver grains. Thus, a marked bilateral asymmetry 
appears to exist in the projections of the lateral zone 
olivocochlear neurons. 


In contrast to these findings, injections of *S- 
methionine into the medial zone of the superior 
olivary complex (Fig. 8) produced a distribution of 
silver grains which reflects a preponderance of syn- 
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Fig. 6. Summary of autoradiograph observations in cat 235. In the wpper portion of the figure is shown the center of the 
injection site located near the dorsal hilus of the left lateral superior olivary nucleus (LSO) where experiment 1 had revealed 
the presence of a particularly heavy concentration of small olivocochlear neurons. The lower two panels of the figure show 
the sites of silver grain clusters located on reconstruction of the organ of Corti. See text for key to symbols. AV - Anteroventral 
cochlear nucleus; LSO - Lateral superior olivary nucleus; MNTB - Medial nucleus of the trapezoid body; MSO - Medial 


superior olivary nucleus. 
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Fig. 7. A) Accumulations of silver grains beneath inner 
hair cell in cat 235, ipsilateral cochlea. B) Accumulations 
of silver grains beneath outer hair cells in cat 235, con- 
tralateral cochlea. 


aptic labeling beneath the outer hair cells (Fig. 7B) 
of beth cochleas. As also shown in Figure 8 a 
number of instances were encountered in which 
sparse accumulations of silver grains were present 
beneath the inner hair cells in both cochleas. This 
probably reflects, in large part, the presence of ax- 
ons of passage which must traverse the region be- 
neath the inner hair cells on their way to the outer 
hair eells. A more confident interpretation of these 
silver grains, however, can only be made with the 
electron microscope applied to autoradiographs. A 
comparison of the magnitude of labeling in the two 
cochlzas, shows that the medial olivocochlear 
neurcns project predominantly to the contralateral 
side, ut the differences are not as marked as in the 
case of lateral olivocochlear neurons. In addition, 
the bilateral symmetry of projections from the 
medial zone is greater than that seen in the case of 
the lateral zone. While the generality of these obser- 
vations must await further evidence, exceptions to 
the cases presented here have not been found in 
replications of injection sites similar to those 
presented here. 


DISCUSSION 


ORIG NS OF THE OLIVOCOCHLEAR BUNDLE 


The distribution, density, and characteristic mor- 
pholc gy of labeled neurons in the present study cor- 
respond closely to those of acetylcholinesterase- 
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Fig. 8. Stmmary of autoradiographic observations in cat 236. In the upper portion of the figure is shown the centers of 
two injection sites located in the left medial nucleus of the trapezoid body (MNTB) where large olivocochlear neurons are 
distributed. Tae lower two panels of the figure show the sites of silver grains within the organ of Corti in the reconstructed 


cochleas. Sympo.s and abbreviations are the same as in Fig. 6. 


positive neurons mapped by Osen and Roth” in the 
adult cat. The virtual identity of these two popula- 
tions is further indicated by the simultaneous dem- 
onstrations of HR? and acetylcholinesterase in the 
same cells.” Taus, direct experimental evidence 
now supports the supposition that acetylcholines- 
terase-positive cells in the superior olivary complex 
constitute the cds of origin of the OCB. 


It was entire y unexpected, however, that the 
areas containing olivocochlear neurons projecting 
to one side would exhibit such near perfect bilateral 
symmetry. Nor cculd it have been predicted that 
the majority of olivocochlear neurons are located 
ipsilateral to the cochlea to which they project, 
since the crossed OCB was believed to contain more 
axons than the uncrossed. In addition, the number 
of olivocochlear neurons labeled in our kittens (ap- 
proximately 1,8)0) far exceeds the previous esti- 
mate (500) based on myelin studies in the adult 
cat.” It may be hat many of the neurons labeled in 
the study have unmyelinated axons and further, 
that some olivocochlear neurons present in the kit- 
ten at birth ult mately disappear with the subse- 
quent maturation of the organ of Corti. This ques- 
tion can be settled only by replication of this experi- 
ment on the adılt cat. 


PROJECTIONS OF OLIVOCOCHLEAR NEURONS 


The applicatien of the anterograde axonal trans- 
port technique in this study provides a demonstra- 
tion of a direc axonal connection between the 
superior olive amd the synaptic terminal fields be- 


neath the hair cells of the organ of Corti. Previous 
approaches had used the technique of severing ax- 
ons at the decussation of the OCB or in the vestib- 
ular nerve followed usually by electronmicroscopy 
study of degenerating endings. 


DUAL EFFERENT INNERVATION 


The findings of the two studies presented here are 
entirely consistent with each other regarding the 
origins of projections to each cochlea. For example, 
on the basis of the bilateral HRP-labeling of neu- 
rons in the lateral zone, one could predict (and we 
found) projections to both cochleas from an injec- 
tion in this region. Accordingly, an integration of 
the two sets of experimental findings is presented in 
Figure 9. Two olivocochlear systems are emphasized 
in this schematic: 1) The small neurons of the lat- 
eral zone which project to the region beneath the 
inner hair cells'* and, 2) the larger neurons of the 
medial zone which project predominantly, if not ex- 
clusively to the bases of outer hair cells.'°'? The 
dichotomization of olivocochlear projections in this 
fashion largely complements most previous experi- 
mental work on the terminations of the crossed and 
uncrossed components of the OCB. Terminations 
beneath the inner hair cells were known to be most- 
ly ipsilateral in origin,'’ and those beneath the outer 
hair cells mostly, but not exclusively, of contralat- 
eral origin.'?'? In addition, developmental studies 
show that fine diameter axons destined for termina- 
tion under the inner hair cells establish their syn- 
apses about the time of birth, whereas the synapses 
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Fig. 9. Schema of the origins and terminations of the 
olivocochlear bundle in the cat, based upon HRP imjections 
(origins and numerical estimates) and upon **S-methsonine 
injections into the superior olivary complex (zones əf ter- 
mination). Crosses represent small OCB neurons; triangles 
represent large OCB neurons: The number of symbols of 
each kind and the widths of the lines originating frora each 
region are proportional to neuronal contribution. 1t an be 
seen that a majority of OCB neurons to one cəchlea 
originates on the ipsilateral side. Furthermore, the majori- 
ty of OCB neurons are small, originate bilaterally, and do 
not innervate outer hair cells. DMPO - Dorsemedial 
periolivary nucleus; IHC - Inner hair cells; LSO - Lateral 
superior olivary nucleus; MNTB - Medial nucleus of the 
trapezoid body; MSO - Medial superior olivary nucleus; 
OCB - Olivocochlear bundle; OHC - Outer hair cells; 
VNTB - Ventral nucleus of the trapezoid body. 


on the outer hair cells, provided by larger axons, do 
not develop until about seven days of age *' The 
rate of degeneration of these two fiber systems also 
differs.” Thus, the data presented here serv- to in- 
tegrate a substantial number of heterogeneoas find- 
ings by showing that differences in olivocochlear 
connections appear to depend on their differential 
origins in the lateral and medial zones of the super- 
ior olivary complex. In light of this new ev dence, 
the current terminology of “crossed” and “uncrossed” 
components of the OCB would appear to be no 
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Fig. 10. Schematic diagram relating the afferent and ef- 
ferent innervation of the organ of Corti. 


longer appropriate, because both in terms of origins 
and terminations, these components are hetero- 
genecus. Perhaps a more satisfactory designation 
for tie olivocochlear system would be one which 
emphasizes the differential origins of projections to 
inner versus outer hair cells. and de-emphasizes 
whether they are crossed or uncrossed. To this end, 
I propose the terms lateral and medial olivocochlear 
systems, it being understood that at the level of the 
cochlea each contains ipsilateral and contralateral 
fiber contingents. 


In summary, it may be permissible, purely on 
heuristic grounds, to present a tentative schematic 
that relates the efferent innervation to our present 
understanding of the afferent innervation of the 
organ of Corti. As illustrated in Figure 10, Spoend- 
lin® has adduced evidence for the existence of two 
afferent systems, a larger and more populous one, 
conssting of large spiral ganglion cells, the pe- 
ripheral processes of which are in postsynaptic rela- 
tion to inner hair cells and, a smaller and less 
populus one, consisting of small spiral ganglion 
cells, the peripheral processes of which are in post- 
synaptic relation to outer hair cells. The lateral and 
medial olivocochlear systems may provide corre- 
sponding efferent pathways by which the central 
nervous system could separately influence these two 
afferent systems. 


John J. Gaiman, Jr., of the Eaton-Peabody Laboratory of Auditory Physiology, 


Massachusetts Eye and Ear Infirmary, Boston, Massachusetts, and the continual support and constructive advice of Dr. Nelson Y-s. Kiang, Director 
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Two areas of auditory biochemistry are reviewed: the identification and characterization of neurotransmitters in the auditory system 


and the biochemical approach to the study of genetic heart 





ig disorders. Studies to identify neurotransmitters at major auditory synapses 


are outlined, Evidence supporting glutamate or aspartate as the neurotransmitter for the auditory nerve is presented. The application of 


biochemistry to the study of genetic hearing disorders isediscussed. 


INTRODUCTION 


In reviewing the literature on the auditory sys- 
tem, one is reminded how little research has been 
done in the area of auditory biochemistry. This is 
particularly disturbing since biochemistry has pro- 
vided so much information to many other systems, 
and many of the problems facing auditory research- 
ers today await a biochemical approach for solu- 
tions. Attempts have been made, and researeh is in 
progress, to investigate such areas as ototexicity, 
cochlear metabolism, cochlear fluid composition 
and auditory neurotransmitters using biochemical 
techniques.” This article is not intended to be a 
review of auditory biochemistry since hardly 
enough material exists to make that appropriate. 
Rather, it will concentrate on two areas of auditory 
research: the chemistry of neurotransmitters ia the 
cochlea and cochlear nucleus and the biochemical 
approach to the study of genetic hearing diserders. 
Both are relatively new to the study of the auditory 
system and rely heavily on the related disciplines of 
morphology, physiology, pharmacology and genet- 
ics. Therefore, some background information and 
data from the related fields will be presented. Since 
no serious biochemical study has been carried cat in 
the area of genetic hearing disorders, this article 
will be limited to an introduction to the biocaem- 
istry of genetic hearing disorders. 


CHEMISTRY OF NEUROTRANSMITTERS ISN 
COCHLEA AND COCHLEAR NUCLEUS 


A major objective of neurobiological research is 
to identify and characterize the neurotransmitter 
molecules that mediate synaptic transmissicn. A 


from the presynaptic terminal upon stimuletion, 
moves across the synaptic cleft and interacts with 
receptor sites on the postsynaptic membrane caus- 
ing excitation or inhibition in the postsynaptic 
neuron. Many substances have been suggested to 
function as neurotransmitters (Table 1), but few of 





these are proven neurotransmitters in the mam- 
malian nervous system. Acetylcholine (ACh) is the 
neurotransmitter at the mammalian neuromuscular 
junction® and it is likely that ACh, y-aminobutyric 
acid (GABA), norepinephrine, dopamine and sero- 
tonin re neurotransmitters in the mammalian 
CNS. The recently discovered class of putative 
neurotransmitters, neuropeptides, are present in 
discrete regions of the brain suggesting a possible 
neurotransmitter role.? However, more experimen- 
tal work needs to be carried out on these substances 
and there is evidence that they may function as neu- 
romodulators rather than as neurotransmitters.'° 
To establish any substance as a neurotransmitter at 
a given synapse, it is generally agreed that several 
criteria must be satisfied. 1 


1. The substance must be present in the pre- 
synaptic terminal. It can be supplied by enzymatic 
synthesis within the terminal, by uptake through 
the terminal membrane or by transport from the 
cell body by way of axoplasmic transport. 


2. The substance must be released from the pre- 
synaptic terminal upon stimulation. 


3. The substance must interact with the postsyn- 
aptic receptor in a manner identical to that of the 
synapticaily released neurotransmitter. 
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Acetylcheline Carnosine 

Dopamine B-Endorphin 

Noradrer.aline Leu-enkephalin 

Adrenaline Met-enkephalin 

Serotonin Luteinizing hormone-releasing hormone 
Octopaméne Neurotensin 

Histamine: Oxytocin 


y-Aminobutyric acid Somatostatin 

Glycine Substance P 

Glutamic acid Thyrotropin-releasing hormone 
Aspartic acid Vasopressin 

Taurine 


From the Laboratory of Neuro-otolarvngology, National Tns:itute of Neurological anc’ Cernmunicative Disorders and Stroke, National Institutes of 


Health, Bethesda. Maryland. 


REPRINTS — Robert J. Wenthold, PhD, Laboratory of Newro-otolaryngology, Nationa Institute of Neurological and Communicative Disorders and 


Stroke, National Institutes of Health. Bethesda, MD 20205. 


122 ROBERT J]. WENTHOLD 


4, Pharmacological agents which affect the in- 
teraction of tae synaptically released neurotrans- 
mitter with the postsynaptic receptor, must -affect 
the interactioa of the applied substance and the 
postsynaptic receptor in an identical way. 


5. A mechanism must exist for the inactivation of 
the substance after its release from the presynaptic 
terminal and interaction with the postsynaptic 
membrane. This is believed to involve either enzy- 
matic inactivazion, inactivation through uptake in- 
to neuronal or glial elements or diffusion of the neu- 
rotransmitter away from the receptor. 





It is most convincing to establish presynaptic re- 
lease (criterior 2) and identity of action (criterion 
3). However, i: is difficult to demonstrate these two 
points. Intracellular recording is required to show 
identity of action. In many neurons prolonged in- 
tracellular recording is not yet technically feasible 
and for dendritic synapses, the problem remains of 
how to investigate changes in membrane properties 
at dendritic sitzs far from the usual intrasomatic site 
of recording. In the CNS it is unlikely that 
presynaptic release can be satisfactorily dernon- 
strated because the site of collection is relatively far 
from the poin: of actual release and there are no 
known agents tc selectively block the inactivating 
systems for many putative neurotransmitters. Al- 
though demon:tration of the remaining three criter- 
ia is less convincing, these criteria are useful for 
screening several possible neurotransmitters to ob- 
tain likely cancidates for neurotransmitter roles. 


Establishing the presynaptic presence of a puta- 
tive neurotrarsmitter provides a reasonable ap- 
proach to the identification of the neurotransmitter 
at a given synapse. Neurotransmitter candidates 
can be quantitated by chemical assays or deter- 
mined by histechemical methods. The metabclism 
of some of the better characterized putative neuro- 
transmitters is known and it has been established 
that in many cases, the enzyme catalyzing the syn- 
thesis of the su sstance is a marker for the substance. 
These include choline acetyltransferase (ACh), 
glutamate decarboxylase (GABA), tyrosine hycrox- 
ylase (catechalamines), dopamine-G-hydroxvlase 
(norepinephriae! and tryptophan hydroxylase 
(serotonin). The measurement of enzymes is prefer- 
able to that of small molecules because greater sen- 
sitivity is obtained with enzyme catalyzed reactions 
which can be maintained for up to several hours 
and because eazymes are less likely to show short- 
term fluctuatiens than are small molecules which 
can be rapidly metabolized. Furthermore, much 
progress has recently been made in neurotrans- 
mitter localizasicn through immunohistochemistry. 
Although antibodies can be produced against some 
putative neurctransmitters, many are too small for 
the productior of antibodies. However, antibodies 
can be made against their enzymes, and glutamate 
decarboxylase, *"'® tyrosine hydroxylase," >° dopa- 


mine-8-hydroxylase*'?* and tryptophan hydrox- 
ylas”? have been localized by immunohistochem- 
istry. 


The putative neurotransmitters, glutamic acid, 
aspartic acid and glycine, are common & amino 
acids and present in all cells. The general metab- 
olism of these amino acids is known (Fig. 1), but has 
not been thoroughly investigated to determine if a 
specific metabolic pathway is used when these sub- 
stances function as neurotransmitters. Although 
these amino acids are ubiquitous, some information 
on their possible neurotransmitter roles may be 
gained by studying their distribution in the nervous 
system. A study of the distribution of glycine in 
spinal cord first led to the suggestion that it may 
serve as a neurotransmitter.**> The evidence is now 
strong that glycine is an inhibitory neurotransmitter 
in the spinal cord.?° A more specific way of 
demonstrating the presynaptic presence of a sub- 
stance, is to show a decrease in the substance when 
terminals degenerate, for example, after surgical or 
chemical destruction of a specific population of 
neurons. Under these conditions, levels of putative 
neurotransmitters, especially amino acids, can be 
altered due to metabolic changes or transneuronal 
effects and not as a direct result of terminal 
degeneration. It is important, therefore, to show 
the decrease in the substance occurs when terminals 
degenerate, that the decreased substance does not 
return to normal level later unless reinnervation oc- 
curs and that a general loss of all small molecules 
does not occur. 


There are two major classes of synapses in the 
cochlea: afferent synapses between hair cells and 
afferent fibers, and efferent synapses between ef- 
ferent fibers and hair cells or afferent fibers. With 
respect to identification of the neurotransmitter 
used, the efferent synapse is, by far, the best charac- 
terized synapse in the auditory system. Although it 
has not been proven, it is very likely that ACh is a 
neurotransmitter for the efferent fibers. Since there 
are at least two types of efferent endings in the 
cochlea,” those terminating on hair cells and those 
terminating on afferent endings, and since the ef- 
ferent fibers originate from two sources, it is possi- 
ble that more than one neurotransmitter is associ- 
ated with the efferent system. Many of the criteria 
to establish ACh as an efferent neurotransmitter 
have been met. Although ACh has not been demon- 
strated in the efferent endings, experiments have 
been done showing choline acetyltransferase is 
associated with the efferent terminals.” >° The 
distribution of choline acetyltransferase in the 
cochlea follows that of efferent fibers and terminals 
and the enzyme decreases in the cochlea after the 
efferent fibers degenerate. Release of ACh to peri- 
lymph by stimulation of efferent fibers has been 
shown’!*? and ACh antagonists block the synap- 
tically released neurotransmitter.*'**°* Acetyl- 
cholinesterase, an enzyme which inactivates ACh, 
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Fig. 1. Summary of the metabolism of glutamic acd, aspartic acid and glycine. 


is present in the cochlea and appears to be associ- 
ated with the efferent system.2’ Although it has 
been shown that locally applied ACh causes an in- 
crease in the cochlear microphonics and a decrease 
in the action potential of the auditory nerve,” it has 
not been demonstrated that locally applied ACh af- 
fects the postsynaptic membrane in a way identical 
to that of the synaptically released neurotransmit- 
ter. Since intracellular recording from mammalian 
hair cells has recently been accomplished,*® this ex- 
periment can now be carried out. 


There is very little information on the nature of 
the afferent neurotransmitter in the cochlea. The 
evidence is strong that it is not ACh, ?8-30.33 
GABA,”*:*°-4! serotonin? or a catecholamine.*?-45 
The observation that GABA is synthesized and 
stored by tissue preparations containing hair cells, 
led Flock and Lam* to suggest that GABA may 
serve as a hair cell afferent neurotransmitter. 
However, they failed to quantitate the GABA 
formed and studies have shown very low levels of 
GABA*’*' and glutamate decarboxylase?! in the 
organ of Corti, much lower than one would expect 
if GABA were a major hair cell neurotransmitter. 
The synthesis of GABA observed by Flock and Lam 
is likely due to low levels of glutamate decarbox- 
ylase found in many cells and not associated with a 
transmitter role for GABA.47:48 F urthermore, 
physiological studies do not support GABA as a 
neurotransmitter in the cochlea.*® Glutamic acid 


and asvartic acid are thought to be major excitatory 
neuro‘ransmitters based on their high levels in 
neuronal tissue and their neuronal excitatory ac- 
tions.* °°-5? They have been suggested as neuro- 
transmitters in the cochlea,??-4? 3 but the evidence is 
weak. Both amino acids are present at high concen- 
tratioms in the organ of Corti,” but because of their 
general metabolic roles, their presence gives little 
information on their possible neurotransmitter 
status in the cochlea. Therefore, at this time 
glutaric acid and aspartic acid cannot be ruled out 
as cardidates for the hair cell neurotransmitter. 
Since he afferent neutotransmitter is likely not one 
of the common neurotransmitters, eg, ACh, GABA, 
serotonin or a catecholamine, its identification may 
involv characterization of a compound of which 
there may be little information. The approach 
presently used by Sewell and Guth‘ involving 
perilymph collections during sound stimulation 
followed by analysis may provide some clues as to 
the nature of the afferent neurotransmitter. 


There is evidence that the neurotransmitter for 
the terminals of the auditory nerve in the cochlear 
nucleus is not ACh,?8-55-56 GABA,?®:56-58 serotonin, a 
catecholamine,”*’ taurine,” glycine,5”6%61 met- 
enkephalin,62653 or leu-enkephalin.6%63 This 
evidence is based on the distribution of the sub- 
stance or its related enzyme in the cochlear nucleus 
and auditory nerve or the fact that the substance or 
related enzyme does not decrease in the cochlear 
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Fig. 2. Effect of unilateral cochlear ablation on the lev- 
els of aspartic acid, glutamic acid, alanine and protein in 
the ipsilateral cechlear nucleus of the guinea pig. Values 
are expressed as percent amino acid (either total amino 
acid in the nucleus or amino acid per milligram protein) 
remaining in the cochlear nucleus ipsilateral to the audi- 
tory nerve lesion relative to the amount in the contralater- 
al, control cocHear nucleus. Each point represents the 
mean of 4-7 repacations. Modified from reference 60. 


nucleus after lesion of the auditory nerve. It should 
be emphasized that this data is not proof that these 
substances are not neurotransmitters for the 
auditory nerve. It may be at least as difficult to 
show definitively that a substance is not a 
neurotransmitter as it is to show a substance to be 
one. It must be considered that one of these sub- 
stances could Fe a neurotransmitter for a small 
population of cuditory nerve synapses, and that 
auditory nerve lesion would not cause a detectable 
change in the substance in the cochlear nucleus. 
This is especial y important for substances which 
are present at Figh concentrations in the cochlear 
nucleus, for example amino acids, such that only a 
very small percent of the total would be associated 
with a populatien of terminals. Since two morpho- 
logically distinc’ populations of spiral ganglion cells 
give rise to audi ory nerve fibers,®* the possibility of 
two different auditory nerve neurotransmitters 
becomes more l:kely. 


Recent findimgs suggest that the dicarboxylic 
acids, glutamic acid and aspartic acid, may func- 
tion as neurotransmitters at primary auditory syn- 





apses. Three lines of evidence suggest one or both of 
these amino acids are concentrated in the presynap- 
tic terminals: 1) Aspartic acid has a distribution in 
the cochlear nucleus similar to that of primary 
auditory teminals.°’*! 2) Glutamic acid and aspar- 
tic acid decrease in the cochlear nucleus when pri- 
mary auditory terminals degenerate. ** 3) The 
decreases in both amino acids after lesion of the 
auditory nerve are greatest in areas of the cochlear 
nucleus that receive the greatest innervation by pri- 
mary auditory fibers.°° The first point has been 
demonstrated by Godfrey et al5’’°*' who measured 
the levels of the putative neurotransmitters glu- 
tamic acid, aspartic acid, GABA and glycine in sub- 
divisions of the cat and rat cochlear nucleus. Only 
the distribution of aspartic acid somewhat followed 
that of the primary auditory terminals.°’-®’ Aspartic 
acid was not particularly high in the auditory 
nerve. These results, although suggestive, are dif- 
ficult to interpret because aspartic acid like other 
amino acids is involved in many cellular functions 
not related to neurotransmission. 


The decrease in glutamic acid and aspartic acid 
in the cochlear nucleus when primary auditory ter- 
minals degenerate provides stronger evidence that 
one or both of these amino acids is concentrated in 
auditory nerve terminals. Both amino acids de- 
crease in the cochlear nucleus after the auditory 
nerve is surgically lesioned® (Fig. 2). The decrease 
in aspartic acid appears to occur somewhat earlier 
than that of glutamic acid but both decreased dur- 
ing the time period when primary auditory termin- 
als were degenerating. Other amino acids measured 
did not decrease, except for alanine and its decrease 
was slight and did not coincide with degeneration 
of the primary terminals. Decreases in glutamic 
acid and aspartic acid in the cochlear nucleus of the 
genetically deaf waltzing guinea pig’? also coin- 
cide with the morphological degeneration of spiral 
ganglion cells and corresponding primary auditory 
terminals.657> Furthermore, the effect of auditory 
nerve lesion on glutamic acid and aspartic acid in 
the cochlear nucleus of the waltzing guinea pig is 
affected by loss of spiral ganglion cells with age 
(Fig. 3), suggesting the pools of these amino acids 
which are affected by auditory nerve lesion are also 
affected in the maturing waltzing guinea pig. 


The final evidence showing that glutamic acid 
and aspartic acid are concentrated in primary audi- 
tory terminals is that the decrease in both amino 
acids after auditory nerve lesion®® follows the distri- 
bution of primary auditory fibers®’ °°’ (Fig. 4). 


In addition to the data suggesting that these 
amino acids are concentrated in primary terminals 
there is evidence that glutamic acid is released from 
auditory nerve terminals in the cochlear nucleus.” 
When cochlear nucleus slices are incubated in vitro, 
the major amino acids released in the presence of 
calcium and elevated potassium are glutamic acid, 
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Fig. 3. Effect of unilateral cochlear ablation on the lev- 
els of aspartic acid and glytamic acid in the ipsilateral 
cochlear nucleus of the normal and waltzing guinea pig as 
a function of age. Data are expressed as the percent de- 
crease in the amino acid (determined per aa peas pro- 
tein) in the ipsilateral cochlear nucleus relative tə the 
amount in the contralateral control cochlear nucleus. Each 
point represents the mean of 4-6 replications. Modified 
rom reference 65. 


GABA and glycine, all putative neurotransmitters. 
Furthermore, the calcium dependent, potassium 
evoked release of glutamic acid is decreased by 40 % 
by auditory nerve lesion while the release of GABA 
and glycine are unaffected. Less aspartic acid than 
glutamic acid is released from the cochlear aucleus 
slices and auditory nerve lesion decreases the release 
of aspartic acid only by 26%. These experiments 
cannot replace in vivo demonstration cf release 
after presynaptic stimulation for proving a sub- 
stance is a neurotransmitter, but do suggest that the 
decrease in glutamic acid after auditory nerve le- 
sion involves a pool of the amino acid that can be 
released in vitro under conditions known to cause 
release of other putative neurotransmitters. 


Two lines of evidence suggest the presence of glu- 
tamic acid or aspartic acid receptors on cells in the 
cochlear nucleus which are innervated by primary 
auditory fibers. First, kainic acid, a structural 
analog of glutamic acid and suggested to cause 
selective degeneration of neurons having glutamic 
acid receptors,’ selectively destroys neurons in 
the cochlear nucleus which are innervated by pri- 
mary auditory fibers.”* Second, there is evidence 
that both glutamic acid and aspartic acid excite 
neurons in the cochlear nucleus, and DL-w~-amino- 
adipate, an antagonist of dicarboxylic amino 
acids,” blocks both the amino acid-induced and the 
synaptic excitations.*° 


All available data point to glutamic acid. aspartic 
acid or both as neurotransmitters for the auditory 
nerve, but two critical criteria, presynaptic release 
and identity of action, remain to be demonstrated 
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Fig. 4. A) Aspartic acid and B) g.utamic acid in subdivi- 
sioas of the cochlear nucleus of the guinea pig after 
aucitory nerve lesion. Each value is the mean of 5 or 6 
replications. Modified from reference 66. 


for the synapse. It is interesting that both amino 
acids decrease when the primary auditory terminals 
degenerate and probably at slightly different times. 
Possibly both function as neurotransmitters, per- 
haps for different populations of synapses. It seems 
likely, however, that since glutamic acid and aspar- 
tic acid are closely related metabolically, one may 
decrease because it is an immediate metabolic pre- 
cursor or product of the other. 


The neurotransmitters for other inputs to the 
cochlear nucleus and its interneurons are poorly 
characterized. The high levels of glycine’’*! and 
GABA®’*' (as well as glutamate decarboxylase)“ in 
the dorsal cochlear nucleus suggest they may func- 
tion as neurotransmitters, but the sources and ter- 
minations of neurons containing them are un- 
known. Trapezoid body lesions do not cause a sig- 
nificant decrease in glutamate decarboxylase in the 
cochlear nucleus.** Choline acetyltransferase and 
acetylcholinesterase are found throughout the coch- 
lear nucleus with highest levels in the dorsal coch- 
lear rucleus and the granule cell area of the ventral 
cochlear nucleus.** Some of the enzyme activity 
may be associated with olivocochlear fibers which 
enter and terminate in the cochlear nucleus.2755:*! 
Comis and Guth* studied release of acetylcholine 
from the dorsal cochlear nucleus after stimulation 
of the olivocochlear fibers, but the results were am- 
biguous. Catecholamines*?:*? (mostly norepineph- 
rine) and serotonin’? are present in the cochlear 
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nucleus. The presence of the peptides, met-eakeph- 
alin and leu-enkephalin,®'™ suggests a possible neu- 
rotransmitter ar neuromodulator role for them in 
the cochlear nucleus. 


BIOCHEMICAL APPROACH TO THE STUDY OF 
GENETIC HEARING DISORDERS 


The informacion contained in a gene is deter- 
mined by the sequence of purine (adenine and 
guanine) and pyrimidine (cytosine and thymine) 
bases of the DNA. The DNA molecule forms a tem- 
plate on whick other nucleic acid molecules of 
precise structure are synthesized. In gene replica- 
tion complimentary molecules of DNA are synthe- 
sized. In the production of polypeptides, informa- 
tion is transfer-ed from DNA to messenger RNA 
through the prccess of transcription and the infor- 
mation in the messenger RNA is transferred to the 
polypeptide through the process of transkation. 
Although further changes may occur in the poly- 
peptide to procuce a functional protein, such as 
structural alterations and membrane incorporation, 
the basic amine acid backbone of the protein is 
formed at transiation. Therefore, a change in the 
DNA sequence may result in an abnormal amino 
acid sequeace ir the protein product. Even a single 
nucleotide substitution may affect the grewing 
polypeptide by msertion of an incorrect amino acid 
or by terminaticm of the polypeptide’s synthesis. In- 
sertion of a single incorrect amino acid into the 
polypeptide mar alter the properties of the protein 
so severely that i: may be totally inactive, may-func- 
tion with limited efficiency, may function normally 
but have altered physical properties, or, if the 
substitution is ir a noncritical region of the protein 
or involves an mino acid of similar hydrophobic 
and hydrophilic properties, may cause little or no 
functional or ph vsical change. Termination of poly- 
peptide synthesi. by a base change in the DNa will 
likely lead to am inactive polypeptide. The effect 
this abnormality will have on the organism will de- 
pend on the nornal role of the protein. 


The ultimate objective of biochemical research 


on genetic disorders is to identify and characterize 
the protein that is either absent or defective in any 
one disease. Such a discovery is usually preceded by 
an understanding of the molecular events in which 
this protein is normally involved. In the study of the 
lipid storage disorders, for example, identification 
of the defective lysosomal enzyme was facilitated by 
the analysis of the accumulated lipid normally de- 
graded by that particular enzyme.** Unfortunately 
extremely little is known about the biochemical de- 
fects involved in genetic hearing disorders, especial- 
ly those in which only the auditory system is af- 
fected. Some disorders in which deafness is only one 
of several manifestations of the disease have been 
studied biochemically. For example, Hunter’s and 
Hurler’s syndromes, which in many cases lead to 
deafness, involve disorders of mucopolysaccharide 
metabolism with defective enzymes, sulfoiduronate 
sulfatase** and a-L-iduronidase,***’ respectively. 
Biochemical studies on the cochlea are limited by 
the small sizes of the cochlear structures, such that 
traditional biochemical techniques cannot be ap- 
plied. In the guinea pig, the total dry weights of the 
organ of Corti and the stria vascularis are 16 ng and 
12.5 wg, respectively.** Although cochlear enzymes 
can be studied through measurement of their enzy- 
matic activities," the amount of tissue essentially 
precludes extensive purification and characteriza- 
tion of most cochlear proteins. Only one cochlear 
protein has been purified, carbonic anhydrase, 
which is abundant in the spiral ligament, represent- 
ing about 1 % of the total protein.” 


Several aspects of human genetic hearing disor- 
ders have been reviewed.°'-'°° These disorders in- 
clude all modes of inheritance, autosomal recessive, 
autosomal dominant and X-linked, with most ex- 
amples being autosomal recessive. Morphological 
studies have been carried out on human temporal 
bones describing the degenerative processes for 
some genetic disorders.??'°°'°? From an experimen- 
tal viewpoint, the several species of animals in 
which genetic deafness has been reported provides a 
promising area in which to investigate genetic hear- 


TABLE 2. EXAMPLES OF GENETIC HEARING DISORDERS IN ANIMALS WITH PROGRESSIVE 
COCHLEAR DEGENERATION* 














Animal References Inheritance Morphological Characteristics 

Waltzing guinea pig 70-73 Dominant Hair cell degeneration 10-60 days of age and spiral ganglion cell degeneration 
30-90 days of age. No early strial abnormalities. 

Deaf white cat 102-108 Dominant Degeneration of both organ of Corti and stria vascularis begins shortly after 
birth. Later degeneration of spiral ganglion cells. May serve as animal model 
vor Waardenburg’s syndrome. 

Hedlunk white mink 109-114 Recessive Earliest degeneration occurs in the stria vascularis at 2 weeks of age. Later de- 
generation of organ of Corti. 

Dalmation dog 115-119 X-linked Both organ of Corti and stria vascularis degeneration present at 4 weeks of age. 
Spiral ganglion cell degeneration occurs later. Possible absence of efferent in- 
uervation. 

Shaker — 1 mouse 120-123 Recessive Hair cell degeneration occurs by 12 days of age. Virtual absence of efferent in- 
nervation. 


*For other studies »n genetically deaf animals see references 109, 120, 124-128. 

tTwo apparently eist.nct strains of waltzing guinea pig hawe been described. The first, described by Ibsen and Risty’? in 1929 and Lurie’ has 
degeneration of both the o-gan of Corti and stria vascularis apparent at birth and displays a recessive mode of inheritance. The waltzing guinea pig with 
dominant inheritance amose from NIH stock in 1953 and is currently maintained at the NIH. 
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Fig. 5. One- and two-dimensional SDS gel electrophore- 
sis analysis of proteins of the stria vascularis of the guinea 
pig. Cochlear proteins were labeled by exchanging peri- 
ymph with a solution containing 150 „Ci of *S-methi- 


ca 


onine and animals were killed three hours later. Qne-di- 
mensional electrophoresis was carried out following the 
method of Laemmli!** and two-dimensional by the-meth- 
od of Ames and Nikaido,'*' both using 10% acrylamide. 
Molecular weight standards are phosphorylase b (94,000), 
bovine serum albumin (68,000), ovalbumin (45,000) and 
chymotrypsinogen (25,000). Proteins were detected using 
the method of Bonner and Laskey. 


ing disorders. In many cases the morphology of the 
degenerative processes have been described. Al- 
though the characteristics of many of these are simi- 
lar to those occurring in humans, it remains to be 
determined if common molecular abnormalities are 
involved. It has been suggested, for example, that 
the deaf white cat may serve as a model for Waar- 
denburg’s syndrome.'*? Since a severely degener- 
ated cochlea will almost certainly show abnormal 
biochemistry, the animals displaying pregressive 
cochlear degeneration may be especially useful to 
the study of cochlear biochemistry (Table 2). These 
animals are born with a normal or near normal 
cochlea, determined morphologically, which then 
begins to degenerate shortly after birth. In some 
cases the animal may be able to hear for some time. 
Abnormal molecular events undoubtedly precede the 
morphological degeneration. The two possibilities 
that seem likely to occur are that either a defective 
protein is present earlier in development but does 
not cause cochlear degeneration, or a defective pro- 
tein is synthesized only shortly before cochlear de- 
generation is observed. Although it may be statisti- 
cally unlikely that a single abnormal protein can be 
detected among the several thousand different pro- 
teins in the cochlea, the analysis of preteins at 
critical times before morphological degeneration is 


observed may provide clues as to the molecular na- 
ture of the degeneration. Quantitation of the pro- 
teins such as the structural proteins, tubulin and ac- 
tin; the enzymes involved in ionic maintenance, 
ATPase and carbonic anhydrase; citric acid cycle 
enzymes; and proteins associated with neurotrans- 
mission may give information as to the biochemical 
systems which are first affected. Quantitation of 
specific proteins is severely limited by the number 
of cochlear proteins which have been characterized. 
However, gel electrophoresis in combination with 
electrofocusing is capable of resolving 1,000 pro- 
teins. 1 Even small amounts of protein can be 
analyzed by labeling the proteins with radioactive 
amino acids. With this technique more than 200 
proteias can be resolved from the guinea pig stria 
vascularis, a sample containing 3 to 6 ag of protein 
(Fig. 5). 


In searching for the causes of genetic hearing 
disorders, it must be remembered that even in cases 
of genetic deafness in which only the cochlea is af- 
fected. the genetically defective protein may be 
elsewhere in the body and exert its toxic influence 
by production, or lack of production, of a diffusable 
substance. For example, in the case of phenylketo- 
nuria, the defective enzyme is phenylalanine hy- 
droxyiase located exclusively in the liver, but the 
disease causes abnormal brain development through 
the build-up of phenylalanine and the abnormal 
formacion of its by-products.” The interesting 
study >y Deol has shown that cochlear damage and 
deafness can be caused by induced hypothyroidism 
during development suggesting that in Pendred’s 
syndrome and other similar conditions, the loss of 
hearing is secondary to hypothyroidism during fetal 
life, 13% 439 


The analysis of cochlear proteins in genetically 
deaf animals represents only one of several ap- 
proaches to the study of genetic hearing disorders. 
The recently developed technique of organ culture 
of the inner ear may be useful to the study of genetic 
deafness since conditions under which the cochlea 
develops can be controlled.'**'!*! It has been re- 
ported that the development of the inner ear of the 
Kreisler mutant mouse in culture is similar to its in 
vivo development.'*? Metabolic abnormalities in 
the cechlea may be reflected in the composition of 
small molecules in cochlear fluids. Analysis of 
amino acids and sugars in perilymph of the normal 
and tne deaf white cat showed no differences be- 
tween the two animals; however, since an insen- 
sitive method of analysis was used, only large 
changes would be detected.'* 
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FANEL — RESEARCH PRIORITIES IN AUDITORY SCIENCE 
THE OTOLOGIST'S VIEW 


ROBERT RUBEN, MD 


BRONX, NEW YORK 


Physicians have always had three strategies in 
their approach to disease. These are prevention, 
care and cure. As we view communicative disorders 
from the perspective of these three principles, 
substantive deficits appear in our ability to meet the 
needs which this group of disorders present. Inspec- 
tion of our knowledge and armamentarium quickly 
reveals that the overwhelming aspect of our activi- 
ties is employed in caring for the patient. A certain 
amount of our knowledge has been developed in the 
area of preven icn, eg, the rubella vaceme, the 
identification o: toxie substances, genetic counsell- 
ing, etc. Except in the area of otitis media, and this 
is debatable, there are no regimes which can effect 
cure. The quest on of why there are no cumes must 
be asked as thi: will become the highest research 
priority in the development of our science. The 
answer to our rhetorical question is superficially 
easy. We do nct have sufficient understanding of 
the basic mechanisms which underlie the disease 
states. The use vf the word sufficient is significant 
for it implies a level of understanding of the disease 
which will allow for intervention which results in 
cure, either the zestoration of function or the arrest 
of the disease process. 


The knowledze of the pathological anatomy of 
the temporal bore has been, and continues to be, of 
the utmost impertance in defining the histological 
end result of the disease processes of the inaer ear. 
This knowledge does not afford a type of explana- 
tion of mechani:ms for the inner ear which can be 
utilized to effect cure. 


The history o” the interface of medicine and sci- 
ence appears to be a continuous and gradnal pro- 
gression, apart “rom occasional dramatic advances 
by a few individuals. Indeed, when these sudden 
discoveries are c osely analyzed it becomes apparent 
they are al) based upon a massive body of technical 
and theoretical knowledge and also a set cf social 
attitudes which have laid a foundation for ‘he syn- 
thesis of the insormation and the creation of the 
new concept. Examples of this constant historical 
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phenomena are Harvey’s discovery of the circula- 
tion; Darwin’s theory of evolution; Pasteur’s 
discovery of the action of bacteria; Fleming's 
discovery of penicillin; or more recently, Watson 
and Crick’s description of deoxyribonucleic acid 
(DNA). All of these advances and many more are 
really the synthesis of a large amount of available 
knowledge which in its totality creates a new con- 
cept. More directly stated, there must be an avail- 
able store of information, techniques and attitudes 
before there can be significant advances. 


Today there are at least two areas in which there 
can be advances made in our understanding of the 
disease processes of communicative disorders which 
should result in cure. The first of these is in the area 
of the molecular biology of sensorineural deafness. 
There has been and there continues to be assembled 
several sources of knowledge which must be in- 
tegrated. These information banks are temporal 
bone pathology of various clinical entities; iden- 
tification of the phenotypes of genetic disorders; 
elucidation of the embryonic mechanisms which 
control normal and abnormal inner ear develop- 
ment; phenotypic descriptions of the physiology of 
sensorineural deafness; the ultrastructure of the 
cells in the inner ear; and the beginning of the study 
of the molecular biology and biochemistry of the 
cells in the inner ear. All of the above information is 
directly concerned with the biology of the inner ear. 
There are large areas of information which exist 
outside of the present general knowledge of the in- 
ner ear. These consist of our massive contemporary 
fund of information of cell biology, molecular biol- 
ogy and biochemistry. The priority is to wed these 
two areas so that there may result a biochemical 
description of the various diseases which result in 
sensorineural deafness. This type of synthesis has 
successfully been carried out in a large number of 
neurological diseases, which have in some instances 
resulted in interventions which are curative in 
nature. 


As the vast majority of sensorineural hearing loss, 
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especially in the young, is genetic in nature and as 
there is now a vast resource of information concern- 
ing the biochemistry of cells and its interaction with 
genetics, it is evident that this area should have our 
highest order of priority. The means for aehieving 
these ends are easily stated but the execution re- 
quires effort. Fundamentally what is needed are 
people who can acquire knowledge in both the ear 
and cell biology who wish to work in this area. 
These individuals either singularly or col-ectively 
would need professional sophistication in the area 
of sensorineural deafness, pathology anc patho- 
physiology of the ear, genetics, embryology, cell bi- 
ology, molecular biology and biochemistry. They 
will require support both in terms of resources and 
career development so that they will have the free- 
dom to carry out their work. It is felt that before the 
end of the century many of the diseases of the inner 
ear will have a chemical explanation which will 
result in the cure of some of the types of sersorineu- 
ral deafness. 


The second area in which there appears to be the 
opportunity for cure of a disease’s effect in now be- 
ing rapidly developed. This is the area of auditory 
deprivation. The information now available dem- 
onstrates that various types of auditory deprivation 
which occurs while the central nervous system is 
still plastic results in anatomic, physiological and 
behavioral alterations. The knowledge of what 
these differences are, what the meaning of the dif- 


ferenees are in terms of adaptive behavior, eg, 
learning and language, and when they will occur 
will allow for the design of intervention strategies 
which can either ameliorate or circumvent the de- 
fect. Thus if we know what central nervous system 
change will be found in an infant born deaf our 
research questions become more direct. These are 
how to prevent the changes or how to construct an 
intervention program which will circumvent the 
anatcmical, physiological difference. This area also 
needs individual workers who will have a depth of 
knowledge in several areas including developmental 
biology, anatomy, physiology, psychology, lin- 
guisties and education. Such individuals or groups 
need to be formed and they too will need support 
both in terms of resources and attitudes which will 
give them the opportunity to apply and build upon 
the resources of information and develop knowl- 
edge so that a significant amelioration of disease 
process can come about. 


There are two areas of research priorities which 
would result in cure for some cf the communicative 
disorders. These are molecular biology and bio- 
chemistry of the cell and the understanding of the 
total effects of auditory deprivation. Both of these 
areas already have a significant fund of information 
which needs to be applied and developed in the area 
of communicative disorders. The effecting of these 
priorities would change much of our present em- 
pirical intervention of care to a rational interven- 
tion for cure. 


PANEL — RESEARCH PRIORITIES IN AUDITORY SCIENCE 
THE AUDIOLOGIST’S VIEW 


JAMES JERGER, PhD 


Houston, TEXAS 


I would like to argue, in this brief presentation, 
that our most pressing research problem in auditory 
science is the development of new methods for mea- 
suring the ability of the hearing-impaired individ- 
ual to cope with speech communication. With a few 
notable exceptions, the tools and techniques in use 
today are the tools and techniques invented just 
after World War II. If you are less than 34 years 
old, then speech audiometry, as we know it today, 
was invented before you were born. 


These techniques, based largely on the correct 
repetition of phonemically balanced (PB) monosy]- 
labic words, served us well in the early formative 
years of audiology, but advances in other areas of 
hearing science have long since demonstrated the 
limitations of PB words as the total edifice of speech 
audiometry. 


In the area of hearing aids, for example, techno- 
logical advances in the performance of the pros- 
thetic device have so outdistanced our ability to 
measure them with speech audiometry that many 
frustrated but misguided investigators now argue 
for “nonlinguistic” evaluative techniques. 


In diagnostic audiometry, the one area in which 
at least faltering steps toward the development of 
new techniques have been taken, dramatic advanc- 
es in our understanding of central auditory dis- 
orders at both the brainstem and cortical leve] have 
taken place, but these have been isolated efforts by 
individuals without the benefit of a universally ac- 
cepted set of research tools. 


The most pressing need for better speech audio- 
metric tools lies in the much neglected field of aural 
rehabilitation. We recommend hearing aids in the 
hope that they will help the user to understand 
what other people say to him, we teach speech 
reading so that he may exploit visual cues to the 
understanding of spoken language, and we institute 
auditory training procedures in order to improve his 
ability to recognize and differentiate the sounds of 
speech. Yet there is no satisfactory methodology for 
measuring success or failure in what we are trying 
to accomplish. 


The situation is somewhat akin to the problem a 
physiologist would face if he wanted to measure the 
effect of a certain drug on blood pressure, but had 
no good way to measure changes in blood pressure, 


or to the problem a physicist might face if he 
wanted to study the effect of frictional resistance on 
the velocity of wave propagation, but had no way 
to measure velocity. Under these circumstances we 
would probably advise these gentlemen that it 
would be folly to undertake such experiments, and 
that their time and effort would be more effectively 
expended in the development of the essential tools. 


A closely related issue is the problem of quantify- 
ing auditory handicap. We are in urgent need of a 
more refined scale of handicap that goes beyond 
“discrimination loss,” the most obvious reason be- 
ing that such a scale is the only validating criterion 
against which to assess proposed measures of speech 
understanding. Conversely, we cannot approach 
the refinement of a handicap scale until we have a 
firmer grasp of what is meant by loss in the ability 
to understand speech. The two concepts are inex- 
tricably interwoven and must be developed in par- 


allel. 


The interaction of speech perception with hear- 
ing loss is more complicated than most of us imagined 
30 years ago. In that simpler era there were only 
two kinds of loss: conductive and perceptive. Con- 
ductives were thought to pose no problem in speech 
understanding, but perceptives were known to have 
two complications: a differential loss for high fre- 
quencies and loudness recruitment. 


It was widely assumed that problems in speech 
understanding arose primarily from the fact that 
high-frequency consonant sounds were differential- 
ly attenuated by the high frequency loss. The prob- 
lem was further conpounded by a certain inability 
to tolerate any excessively amplified sound due to 
the recruitment problem. Conventional speech au- 
diometry, as we know it today, was conceived with- 
in this simple framework. But during the past 30 
years two points have become increasingly clear. 
First, speech perception, especially in the hearing- 
impaired involves much more than “hearing all the 
sounds.” Advances in speech science have shown 
that the simple phonemic structure of language does 
not fully describe a dynamic perceptual process in 
which a variety of temporal, even prosodic, cues 
play important roles. Secondly, there are more than 
two kinds of hearing loss, and their differential ef- 
fect on speech understanding can be profound. 
Cochlear disorders are influenced not only by 
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Fig. 1. Effects of three variables (degree of loss. slope of 
loss, and age) on a variety of tests of speech understanding 
in patients with sensorineural hearing loss. 


audiometric configuration, but by distortion pro- 
ducts, duration of loss, etiology, age of onset, and 
undoubtedly a variety of additional as yet un- 
discovered factors. All of these factors, especially in 
children, affect speech understanding in often poor- 
ly understood but surely complicated fashion. 


Eighth nerve disorders, either alone or in com- 
bination with cochlear disorders, affect speech 
understanding by mechanisms that differ both 
quantitatively and qualitatively from their purely 
cochlear counterparts. Here the intensity and tem- 
poral features of speech seem to override the fre- 
quency dimension, and speech understanding may 
be devastated. 


Central auditory disorders, either at the brain- 
stem or higher levels, further complicate the pic- 
ture. At this level complex perceptual diserders ap- 
pear. The listener may hear all the mdividual 
sounds of speech in isolation, but he may be unable 
to cope with complex signal processing, especially 
in the presence of competing speech signals. Selec- 
tive attention, a problem scarcely anticipated by 
conventional approaches to the measurement of 
speech understanding, is a dominant feature of cen- 
tral disorders. 


In a sense every hearing impairment represents a 
combination of all the above-cited factors in some 
unknown mix. Usually the purely peripheral coch- 
lear factors dominate, but in two important popula- 
tions. voung children and the elderly, the con- 
founding effects of concomitant eighth nerve and 
central disorders can be quite substantial. It is in 
these two populations, especially, that the complex 
interactions of speech perception and auditory dis- 
order are becoming increasingly manifest. 


Figure | illustrates a case in point. We see the in- 
teractions of just three variables on a variety of 
speech intelligibility tasks administered to a sample 
of 97 patients with sensorineural hearing loss. The 
various tests fall into three general categories: 1) 
QUAD (auditory and visual) is a rather lengthy pro- 
cedure designed as a validating criterion for mea- 
sures of “practical hearing in everyday life.” 2) SSI 
and SSR are tests of sentence recognition and iden- 
tification, and represent a relatively synthetic ap- 
proach to speech understanding. 3) CNC, MRT, 
and NSDT are tests of monosyllabic word repeti- 
tion, consonant recognition, and nonsense syllable 
detection, respectively. They represent a relatively 
more analytic approach to speech understanding. 
We «ee, in Figure 1, the overall effects of three 
variables: 1) degree of sensitivity loss, 2) slope of 
audiometric configuration, and 3) chronological 
age. Note that degree of loss affects all measures ex- 
cept. of course, testing in the visual mode. Slope of 
loss, however, affects only the analytic tests, 
especially CNC. Age, on the other hand affects only 
the synthetic measures, SSI and SSR. The analytic 
measures are remarkably resistant to the effect of 
age. Yet aging is perhaps the single most important 
source of difficulty in speech understanding. 


This simple analysis of only three variables and a 
limited number of tests illustrates the point that the 
present techniques of speech audiometry in wide- 
spread clinical use today are inadequate to cope 
with even the first order interactions between 
speech perception and hearing impairment. 


A mere adequate set of tools is urgently needed. 
The task is formidable, but not insurmountable. In 
order to bring speech audiometry up to date we 
must assign high priority to research in two areas: 1) 
defining more fully the nature of the speech-under- 
staneing problems of the hearing impaired, and 2) 
developing test instruments suitable to these prob- 
lems. 


We are, at the moment, becalmed in a windless 
sea of monosyllables. We can sail further only on 
the fresh winds of imagination. 


PANEL — RESEARCH PRIORITIES IN AUDITORY SCIENCE 
THE PHYSIOLOGIST’S VIEW 


J. E. HIND, PhD 


MADISON, WISCONSIN 


After the diet of meat and potatoes we have en- 
joyed in the form of the solid research accom- 
plishments descr bed in the preceding papers, I 
must now ask you to focus your appetite on pie in 
the sky. I trust yeu will receive my comments with 
the skepticism eppropriately reserved for those 
foolish enough to predict the future, especially the 
future course of science. Partly out of respect for the 
territorial interess of my fellow panelists but pri- 
marily because o the limitations of my own back- 
ground and perspective I shall restrict my remarks 
to basic auditory shysiology. However, it is obvious 
from the presentations at this conference that the 
otological and atdiological clinics offer abundant 
opportunity for paysiological research as well as for 
the application o tests and methods derived from 
the basic science laboratory. It is necessary to ex- 
tend my subject +o include anatomical considera- 
tions since most cf the important problems in con- 
temporary auditory physiology involve the correla- 
tion of structure with function. Time permits only a 
cursory listing of some problems and approaches 
that I consider likely to prove fruitful areas for in- 
vestigation over tae next few years; no implication 
of relative impor ance is implied by the order of 
presentation. 


The past decade ^as witnessed great: progress in 
our understandimg of the mechanical vibratory 
properties of the middle ear and cochlea. The cur- 
rent controversy # to whether or not the motion of 
the basilar membrane is appreciably nonlinear is al- 
most certain to be settled in the near future through 
improved measurement methods, including the la- 
ser interferometer Determination of the mechani- 
cal parameters of -he cochlear partition is a related 
and worthy goal im order that mathematical models 
may be solidly based upon directly measured physi- 
cal parameters. However, even after a relatively 
complete picture of basilar membrane motion is 
achieved there wil remain the challenging task of 
describing the effective mechanical stimulus to the 
individual hair eell, the problem of hair cell 
micromechanics. A frontal attack involving direct 
visualization of events seems remote, but important 
insight into micronechanical input are beginning to 
emerge through intracellular recordings from single 
hair cells, supplemented by data on the mechanical 


properties of the stereocilia, the latter considerably 
enlivened by Ake Flock’s suggestion of the possibili- 
ty of contractile activity in the sensory hairs. Lest 
success in these ventures lead to smugness on the 
part of mammalian physiologists, humility may be 
restored, at least for a spell, by the need to explain 
mechanical tuning in the simpler inner ears of lower 
forms. 

Although Dr. Warr’s presentation beautifully il- 
lustrated the substantial progress that has been 
made recently in our understanding of the innerva- 
tion of the organ of Corti, complete specification of 
the synaptic relationships between receptor cells 
and afferent and efferent nerve fibers remains a 
very important objective. Similarly, Dr. Javel con- 
vincingly demonstrated that continuing attention 
may profitably be directed toward developmental 
processes, including abnormalities. Additional val- 
uable insights into the structural basis of hearing 
loss may also confidently be predicted to result from 
the continuation of studies on animal ears that have 
been exposed to intense sound and ototoxic drugs. 


Major advances in understanding of the excita- 
tory process in the hair cell/nerve fiber transducer 
are assured as the growing repertory of techniques 
from cellular neurobiology is brought to bear on 
such problems as the ultrastructural and neuro- 
chemical bases of synaptic transmission, the electri- 
cal properties of hair cells vis-a-vis supporting cells, 
the site of origin of the nerve impulse, and the long- 
standing debates over the functional roles of inner 
vs outer hair cells and afferent vs efferent fiber 
systems. Dr. Wenthold’s excellent presentation de- 
picted the encouraging progress that has been made 
in identification of neural transmitters in the pe- 
ripheral auditory system and at the same time gave 
us a vision of the vast territory in the field of 
neurochemistry that demands exploration. Contin- 
uing studies of metabolic and circulatory factors in 
the cochlea are certain to generate information use- 
ful not only for understanding of normal function 
but with significant implications for the clinic. Dr. 
Merzenich’s paper clearly illustrated how carefully 
controlled animal studies on cochlear electrical 
prostheses are an essential adjunct to clinical 
development of this technique. 


Neurobiological methods are also beginning to shed 
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light on the information processing capabilities of 
single neurons within the central nervous system as 
the input-output transformation of temporal dis- 
charge patterns may be studied in neurona! types 
identified by intracellular dye injected via the 
recording electrode. Modern histochemical! tract- 
tracing techniques promise continued rapid growth 
in our knowledge of the wiring diagram of the audi- 
tory nervous system, providing new opportunities to 
identify groups of functionally related neurons. 
Finally, when anatomical and microelectrede ob- 
servations are combined with shrewd explaitation 
of behavioral specializations, striking progress can 
be made toward understanding the physiclogical 
substrate of auditory perception as demonstrated by 
the brilliant studies of Nobuo Suga and his col- 
leagues on echolocation in the bat. Beginnirg with 
years of patient study of the relation between the 
acoustical parameters of the bat’s emitted ery and 
the attributes of the target that can be diserimi- 
nated, successful hypotheses were generated as to 
the unique combination of emitted signal and suit- 
ably delayed and attenuated component of the echo 
required to activate specialized classes of neurons in 
the auditory cortex. To someone like myself who 
has spent many a frustrated hour trying to interest 
the neurons in cat auditory cortex in my simple pure 
tone stimuli, Suga’s findings stand as both an in- 
spiration and as a profoundly important guide for 
further attempts to unravel the functional role of 
the structures of the central auditory system. 


I hope I will not disappoint this audience and the 
organizers of this conference when I refuse to assign 
relative priorities to the problems and appreaches I 
have outlined. However, it doesn’t require a proph- 
et to recognize that cellular neurobiology will in- 
creasingly yield new insights into the mechanisms 
by which individual neurons process auditory infor- 
mation. These new insights will add to and illumi- 
nate the rich dividends returned by the familiar 
systems approach as embodied in the work of the 
classic auditory physiologist, the acoustic physicist 


and the communications engineer. Nevertheless, 
our enthusiasm for novelty must not result in the 
abandanment of mines from which the gold has 
been only partly extracted; on the contrary, it is 
essential that mining continue in all those tradi- 
tional veins which still hold promise for answering 
important questions. In this connection I enthusias- 
tically endorse Dr. Jesteadt’s prediction that the in- 
teraction between physiology and psychoacoustics 
will prove to be very fertile ground. 


In these days of intense competition for research 
dollars any discussion of research priorities would 
be incomplete without some mention of the basis 
upon which funding is allocated. My philosophy on 
this matter can be summarized by stating that I 
strongly believe that “targeting” is a concept that 
does net belong in the minds of those responsible for 
decidirg which projects in basic auditory science 
should receive support since the idea is wholly in- 
compatible with the unpredictable essence of basic 
inquiry. In my judgment, the only rational basic 
science funding strategy is that of total flexibility, 
with the freedom to exploit the most promising 
leads as they arise in the normal course of research. 
As so eloquently expressed yesterday by Dr. Silver- 
man, this plea for unfettered funds must be accom- 
panied by urgent and earnest effort on the part of 
the basic scientist to communicate to funding agen- 
cies and the public an appreciation of why such a 
policy is vital. The only known method to ensure 
long-term productivity in basic auditory science is 
to nurture our most precious resource, the future 
research investigators, to whom we must offer 
training in an ever-expanding array of disciplines, 
followed by reasonable assurance of support for 
their initial research endeavors. In this regard it is 
indeed gratifying to participate in the dedication of 
this superbly equipped new institute with its im- 
pressive complement of well-trained and enthusias- 
tic young investigators, working in a setting calcu- 
lated to promote as fully as possible the benefits of 
interdisciplinary interaction. 


OROFACIAL EMBRYOLOGY, ANATOMY AND PHYSIOLOGY 


DAVID P. KUEHN, PhD 


DENVER, COLORADO 


The orofacial -egion is intricately involved in shaping the speech signal that emerges from the speaker. Without this shaping, speech 
would be largely a communicatively indistinct blur. It is not surprising, therefore, that there is considerable interest in the embryology, 
anatomy, and physiology of this extremely important region of the body. 


EMBRYOLOGY 


Normal and Abnormal Facial Development. The 
topographical 2hanges that occur in molding the 
undifferentiated primitive embryo to the distinctly 
human configuration of the fetus are fairly well un- 
derstood. Figure 1 illustrates the development of 
the face at siz stages from embryonic age four 
weeks to age eght weeks. The human embryo is a 
highly dynamé organism, and the formation of 
structures such as the nose and lips must obey a fair- 
ly rigid time sckedule. During the fifth week, all the 
major structures that will eventually form the face 
are clearly distinguishable,’ and in general except 
for further groavth and shaping, the formation of 
the face is complete by about the seventh week of 
embryonic life. At this time, the entire embryo is 
only about 1.9 cm long. 


One importent aspect of development at this 
stage is the fuson of the nasolateral, nasomedial, 
and maxillary processes to form the upper lip. Fail- 
ure of that fusicn process results in cleft lip, a major 
birth defect that occurs with an incidence of ap- 
proximately l ia 700 live births. The exact mecha- 
nisms by whic these facial processes are formed 
and fuse are no’ well understood in either the path- 
ological or the acrmal embryo, but certainly con- 


siderable progress is being made.’ Investigations for 
this purpose ust ally by necessity involve laboratory 
experiments wth animals, especially the chick, 
because of easy access and manipulation of the em- 
bryo. It is known that certain cells, referred to as 
neural crest ce ls, migrate within the embryo to 
eventually form most of the facial structures. Clefts 
of the midfacia region have been induced in labo- 
ratory animals Fy removing segments of neural crest 
cells very early n embryonic life before cell migra- 
tion has begun. Therefore, studying the formation 
and migration of these very primitive embryonic 
cells appears to >e an important area of future basic 
research. 


Normal and Abnormal Palatal Development. 
The under! ying mechanisms and embryonic failures 


involved in formation of the hard palate are some- 
what better understood than those of the lip area.‘ 
However, many important questions still remain 
unanswered." Figure 2 illustrates two stages in the 
development of the hard palate. Figure 2A is a sec- 
tion through the head of a seven-week human em- 
bryo. At this stage, the shelves which eventually 
form the hard palate are directed downward on 
each side of the tongue. During the next stages of 
development the tongue descends to a lower posi- 
tion, and the palatal shelves reorient to a horizontal 
position (Fig. 2B). The palatal shelves then fuse 
with each other and with the primitive nasal sep- 
tum. Thus the oral and nasal cavities are separated. 
Not much more is known about the process beyond 
this general description; however, it appears that 
the timing of palatal shelf movement is of major im- 
portance and is the object of a considerable amount 
of current research. If the palatal shelves are slowed 
in their normal horizontal positioning for whatever 
reason, it may eventually be too late for them to 
make contact and fuse due to continued growth of 
the surrounding regions.’ It is known that fusion of 
the palatal shelves and the nasal septum is normally 
complete by the 12th week of embryonic life. Fail- 
ure of palatal fusion will of course result in cleft 
palate. 


Etiology of Cleft Lip and Palate. There are clear- 
ly underlying genetic factors involved in producing 
clefts as indicated by studies dealing with families 
in which more than one member are affected. Fac- 
tors that may be considered environmental prob- 
ably also are important. These have possible ad- 
verse effects during prenatal development and have 
been identified mainly in research projects using 
laboratory animals. It is fairly easy to induce cleft 
palate in animals by the administration of terato- 
gens at certain times in the embryonic period.‘ 
However, analogous environmental cause-effect 
relationships in the human remain elusive.° 


Most authorities agree that except in rare in- 
stances, cleft lip and palate in the human are not 
caused by a single gene or single environmental 
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agent. Instead it seems more likely that clefts are 
the result of the interaction of genetic and en- 
vironmental factors. This is called the rmultifac- 
torial theory and has been described mainly by 
Fraser et al.’ A threshold effect has been suggested, 
whereby given the proper combination of genetic 
and/or environmental factors, a cleft will result in 
certain individuals. 


Prevention of Cleft Lip and Palate. Prevention of 
cleft lip and palate is limited at the presen- time to 
genetic counseling in cases where at least one family 
member is already affected. Prenatal diagnostic 
procedures such as direct visualization of the em- 
bryo are currently available.* Moreover, surgical 
procedures of an experimental nature have been ac- 
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ne 1. A-F) Development of the face. (From Patten B. Human embryology. Philadelphia: Blakiston Co, 1946, after an 
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complished in living rabbit embryos within the 
uterus.” However, such manipulation of the human 
embryo in utero appears extremely difficult and 
defintely does not warrant the risk at the present 
time. One reason is that the facial region is rather 
inaccessible, since in the young human embryo the 
face is pressed against the thorax. In short, preven- 
tion and diagnosis of clefts in the fetus and treat- 
ment of clefts before birth appear to be in the far 
distant future, if possible at all. 


Future Research. In the meantime, researchers 
must continue the study of animal models in the lab- 
oratory since basic mechanisms underlying normal 
and abnormal orofacial development are still not 
well mnderstood. A shift should gradually be made 
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Fig. 2. Development of the palate. A) Section through the head of a seven-week embryo. B) Section through the head of 
an eight-week embryo. (From Patten.' Reprinted with permission.) 


from lower animals to primate models which are 
closer to the human form. In addition, the search 
for environmental factors in humans should also be 
continued, especially among women with a family 
member already affected by a cleft. 


ANATOMY AND PHYSIOLOGY 


For those born with a cleft, the best surgical, 
dental, and speeck pathology practices must be util- 
ized in management regimes. This is often a long 
and very expensive process that involves a large 
team of professional practitioners with extensive ex- 
perience treating the malformation. An important 
factor in expediting the management process is a 
thorough understanding of normal and abnormal 
anatomy and physiology. 


Fetal and Infant Anatomy. It is known on the 
basis of studies of the fetus and infant that muscle 
origins are fairly normal in the cleft individual, but 
muscle insertions in the palate are grossly abnor- 
mal.'°'! It is the objective of the surgeon to trans- 
pose these misaligned muscle fibers and other tissues 
into a more normal position which presumably will 
lead to a properly <unctioning mechanism. 


Adult Anatomy and Physiology. Most of our cur- 
rent knowledge ccncerning orofacial anatomy and 
physiology has been derived from the normal adult. 
While important gains have been made in under- 
standing the gross anatomy and physiology of the 
speech production mechanism, much is yet to be 
learned.'? 


The biomechanics of the orofacial region are very 
difficult to study because several different muscles 


insert into soft tissue structures from different direc- 
tions. Most of the orofacial structures are not simple 
lever systems but rather involve potential force vec- 
tors that are varied and complex. These soft tissue 
structures, especially the tongue, are capable of 
changing shape while being moved because of ac- 
tivity of the muscles within them. To make matters 
even more complicated, activity of the orofacial 
structures must be coordinated with that of other 
regions crucial for the production of speech, such as 
the larynx and respiratory structures. Since speech 
is a highly dynamic process, the timing of all indi- 
vidual gestures must be coordinated accurately. 
Moreover, individual speakers may adopt different 
strategies in their physiological control mechan- 
isms. In this regard, the variability among normal 
speakers is not well understood, since most studies 
to date have used very small numbers of subjects. 


Neuromuscular Control Mechanisms. Neuromus- 
cular control mechanisms are of current and great 
interest among speech scientists. It has been known 
for a long time that most regions of the body are en- 
dowed with a rich supply of sensory receptors. 
These receptors supply ongoing feedback informa- 
tion concerning a structure being moved and its 
immediate environment. However, neither the 
availability nor the possible functional significance 
of such sensory receptors in speech structures has 
been well specified. Future research should be 
aimed at elucidating these potentially important 
basic mechanisms and determining whether the ab- 
normal individual uses them in the same fashion. 


Compensatory Activity. In speakers with struc- 
tural abnormalities, compensatory activity is some- 
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times observed. For example, the back wall of the 
throat may bulge forward to meet the soft palate in 
some individuals for whom palatal length and/or 
mobility is not sufficient. In other individuals such 
compensatory strategies appear to be either 
learned nor, perhaps, possible. In these individuals, 
surgical, prosthetic, or therapeutic techniques must 
be utilized. 





Future Research. Future research should fecus on 
refining management techniques using updated 
anatomical and physiological data obtained from 
parallel laboratory experiments. It is in this -ashion 
that clinical laboratory research may complement 
each other in advancing our knowledge. 


A final note concerns the extremely important 
and relatively unexplored area of postnatal develop- 
mental anatomy and physiology, and their interac- 
tion with learning factors, especially in the neonatal 
period, How do normal infants learn to speak? Why 
do some infants born with a cleft lip and/or palate 
develop compensatory patterns while others do not? 
Can appropriate compensatory patterns be taught? 
Can we predict the need for intensive therapy in ad- 


dition to initial surgery in problem cases? Are there 
growth patterns that contraindicate certain types of 
surgical manipulations? The list of such questions is 
virtual y endless. 


FILM DEMONSTRATION 


A short film clip of a normal adult female taken 
from tae film library at the University of lowa was 
shown to underscore the complexity of the process 
of speech production and interaction among ana- 
tomical, physiological and learning factors. This 
x-ray film demonstrates movement of the tongue, 
soft palate, and other structures normally hidden 
from view. Such films have provided valuable in- 
formation pertaining to orofacial activity during 
speech production. The rapidity of tongue tip 
movement is especially noteworthy. While viewing 
this film it is important to think of the infant learn- 
ing to speak and to ask the following questions: 
How coes the infant learn to position his speech 
structures appropriately while moving them inde- 
pendertly and at rapid speeds? How can we help 
the disadvantaged child accomplish the same result 
in the most efficient manner? 
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LARYNGEAL DEVELOPMENT AND CONGENITAL LESIONS 


GABRIEL F. TUCKER, JR., MD 


CHICAGO, ILLINOIS 


In considering aryngeal development, functional development and the comparative anatomical approach of Sir Victor Negus must be 
included in additiea to classical morphological development; postnatal questions are considered in addition to embryological and fetal 


development. 


Negus’ elassie text The Mechanism of the Larynx 
was first published in 1929.' Figure 1 summarizes 
the evolution o: the larynx from its first appearance 
in amphibians to its more elaborate structure in 
mammals. Its prime function in each case has been 
described as thet of preventing the entrance into the 
lower respiratory tract of any substance except air. 
Thus, it is appropriate to point out at this time of 
dedication of a communication disorders center 
that the “voice box” function is only incidental to 
the primary function of the human larynx; a 
switch-valve mechanism, which allows us to 
breathe or swallow without inundating our bron- 
chial tree. 


During the act of swallowing the larynx must si- 
multaneously cose and be lifted away from the cer- 
vical spine to cpen the cricopharyngeal sphincter. 
Failure of this protective mechanism is seen in the 
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Fig. 1. Schemat-c laryngeal evolution. 1) Pharynx of fish 
with gill slits. 2) Commencing outgrowth from floor of 
pharynx. 3) Elongated trachea turning off towards thorax. 
4) Primitive dilator mechanism. 5) Appearance of lateral 
ite aoe 6) Separation of cartilage into arytenoid and 
half of cricoid 7, 8) Fusion of thyroid elements with 
cricoid. 8) Separation of thyroid from cricoid. Shortenin 
of arytenoid; filting of laryngeal aperture; division of 
sphincteric mu-cle into components. Interrupted lines: 
sphincteric musle and dilator muscle. (From Negus. ') 


neonate as pharyngolaryngeal discoordination or 
oral and pharyngeal dysphagia.? 


Failure of the larynx to open actively on inspira- 
tion leaves the vocal cords in a position to be caught 
in the inspiratory air stream thus producing a high- 
pitched inspiratory stridor. The relationship of bi- 
lateral vocal cord paralysis to associated central 
nervous system abnormalities in infants and chil- 
dren (Table 1) was recently reviewed by the Holing- 

rs.? A similar mechanism applies when a unilateral 
peripheral nerve lesion (ie, the inadvertent ligation 
of the left recurrent nerve in the surgery of patent 
ductus arteriosis) will produce stridor which is also 
inspiratory but which is associated with a lesser 
degree of obstruction. 


The embryology of the human infant larynx has 
recently been reviewed.*® Figure 2 differentiates 
the early embryonic period from the fetal period. 
Growth in the embryonic period is characterized by 
the establishment of organ systems; during the fetal 
period the embryonic organogenesis matures, phys- 
iological activity is established, and organ systems 
are integrated. In the embryonic period, the ex- 
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Fig. 2. The embryonic period proper, the first eight 
postovulatory weeks of developinent, is shown in relation- 
ship to the fetal period. Fetuses, as well as older embryos, 
are measured by their crown-rump length, which corre- 
sponds to the sitting height postnatally. 
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TABLE 1. ETIOLOGY OF BILATERAL ABD U: 


Congenital 
Without associated anomalies 
With associated anomalies 
Neurologic 
Laryngeal 
Cardiac 
Other 


Acquired 
Secondary to congenital anomalies 
Meningomyelocele, A-CM, hydrocephalus 
Hydrocephalus unrelated to A-CM 
Postoperative for congenital lesion 


Secondary to acquired conditions 
Infectious 
Neoplasm 
Birth trauma 
Guillain-Barré syndrome 


Undetermined 


tremities develop in proximodistal sequence, first 
the limb buds, then the finger rays, then the hands. 
As we follow into the fetal period one finds func- 
tional bending of limbs, approximations of fingers 
and thumb sucking movements. Table 2 sche- 
matizes the developments of some of the main fea- 
tures of the respiratory system in relation to staging 
between three and six postovulatory weeks. By the 
end of the first trimester the larynx is completely 
formed, has identifiable vocal cords and a patent 
lumen. During the second trimester of pregnancy 
continuing laryngeal development is marked pri- 
marily by the development of glandular submucosal 
elements.’ 


In 1932, Tucker? reported the length of tue liv- 
ing infant’s vocal cord as being between 6 and8 mm 
in the well-developed neonate. The subglottic 
anterior/posterior diameter, which is the critical 
dimension in the infant larynx, is approximately 5 
to 7 mm at birth. This is a nonexpansible tract, as 
the cricoid cartilage represents the only complete 
ring in the entire laryngotracheobronchial tree. The 


‘TOR VOCAL CORD PARALYSIS IN INFANTS AND CHILDREN 


39 
91 
10: 
g. 
4 
43 
Total congenital 82 ( 55%) 
24 
6 
11 
4l 
T 
7 
2 
2 
18 
Tota) acquired 59 ( 40%) 
8 8 ( 5%) 
Total 149 (100%) 


average dimension is stated to be 6 mm; 5 mm is on 
the small side. A subglottic stenosis is defined as 4 
mm or less. A more recent studv'' from our labora- 
tory confirms this clinical measurement and also 
points out the soft tissue lumen (ie, the air column) 
may be less than the insinuated endotracheal tube, 
the passage of which is limited by the larger but 
firmer cartilaginous lumen (Table 3). 


In a recent paper from our institution, Holinger 
et al’? pointed out the age incidence of symptoma- 
tology and treatment in congenital subglottic sten- 
osis. Figure 3 from that article dramatically points 
out that delay in diagnosis which is often seen. They 
also neted the increased incidence of tracheotomy 
in acquired stenosis. Early intubation of the dysp- 
neic child may obscure forever whether a later di- 
agnosis was, indeed, congenital. acquired or mixed. 
The tracheotomy required by acquired stenosis 
may, indeed, be thought of as a complication of in- 
tubation. 


Ongoing studies in our laboratory wherein serial 


TABLE 2. DEVELOPMENT OF SOME MAIN FEATURES OF RESPIRATORY SYSTEM IN RELATION TO STAGING FROM 
THREE Te} SIX POSTOVULATGRY WEEKS 





Stage 9 10 ll 12 13 14 15 16 17 18 
Foregut 
Groove Pharynx 
Laryngotrach. Hypophar. Larynx Vestib. Hyoid chondrif. 
sulcus eminence outgrowth Thyroid con- 
Arytenoid dens, Muscular 
swellings Cricoid condens. 
Epithelial condens. 
lamina 
Pharyngeal Tracheo- Trachea 
esoph. 
septum 
Median Pulmonary Lung R+L R+L Lobar Segmental Some subseq. 
primordium bud Lung Lung buds buds buds 
buds buds 


*Modified from O’Rahilly and Boyden.* 


Esoph. - Esophageal; Laryngotrach. - Laryngotracheal; Evpophar. - Hypopharyngee: Vestib. - Vestibular; Condens. - Condensation; Condrif. - Con- 


drification; Subseq. - Sebsequent. 
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TABLE 3. VARIATIONS IN LARYNGEAL DIMENSIONS WITH FETAL AGE 


Cricoid Diameter (mm) Glottis 
Plane of Lumen-Air Lumen-Cartilage Length 
Age Section A-P Trans A-P Trans (mm) 
12 wk (f) C .58 1.45 
14 S 1.02 1.82 
15 S 1.09 2.18 2.9 
16 S 1.45 2.9 2.5 
18 S 1.45 2.45 25 
19 $ 1.8 3.6 
20 H 2:2 2.2 3.6 4.7 4.0 
22 S 2.4 3.6 
23 G 1.8 4.1 4.4 
25 S 2.2 3.6 
26 G oil 4.9 4.0 
27 (t) H 30 2.9 4.1 4.5 3.3 
C 3.3 5.8 3.6 
30 (intub) H aD 3.2 4.2 4.9 5.2 
30 G 3.9 5.8 5.5 
34 C 1.4 3.6 
37 C 3.7 4.6 
40 S 2T 4.7 
4] G 4.1 5.9 
16 mo C Dal 6.8 Tat 
40 mo C 6.0 10.0 12 
48 mo C 9.9 7,0 


C - Coronal; S - Sagittal: H - Horizontal: Trans - Transverse. 


horizontal sections are made of the larynges of 
those infants who do not survive their respiratory 
problems have revealed that subglottic stenosis is a 
clinical, not a histological entity.!? There are, in- 
deed, a number of histological patterns which can 
explain the clinical narrowing of the subglottic 
lumen. The relationship to intubation trauma is 
confirmed; cartilaginous distortions can be seen. 
Newer information is the presence of an excessive 
amount of glandular tissue in some larynges and in 
others the entrapment of the first tracheal ring 
within the cricoid arch. 


The crieoid arch may well be the most prominent 
midline structure in the midpediatric neck below 
the hyoid. In the neonate, the body of the hvyoid 
overrides the thvroid notch; appreciation of this 
fact is critical in determining by palpation the level 


40 E Age At Onset of Symptoms 


WA Age At Diagnosis and Initial RX 


of placement of a pediatric tracheotomy. Table 4 
lists collected experiences with a number of con- 
genital laryngeal anomalies.'* It can be seen here 
that the most common cause of infant stridor, lar- 
yngomalacia, is not thought due to anatomical or 
physiological deficit but rather to a loss of tissue 
consistency in which the epiglottis and/or aryepi- 
glottic folds and/or arytenoids tend to be caught in 
the inspiratory air stream. These symptoms are 
usually position dependent, ie, improved when the 
patient is prone; aggravated when the patient is 
recumbent; they seldom are a serious threat to the 
infant airway. To assume that any given patient’s 
congenital stridor is due to laryngomalacia is to ig- 
nore such differential diagnoses as vocal cord 
paralysis, subglotic stenosis and the wide variety of 
less common alternatives enumerated above. It 
should be further noted that even if one can make 
the diagnosis of laryngomalacia endoscopically, 
there is a 20% likelihood of associated subglottic 
laryngotracheal problems which require not only 
that the laryngeal inlet be inspected but also that 


30 / 

: f TABLE 4. CONGENITAL LARYNGEAL ANOMALIES 
n ĝi y Laryngomalacia 1415 
E Bifid epiglottis 8 
z y j q i Absence of epiglottis 2 
10 [7 Webs 224 
g G f f Atresia 43 
Cysts 52 

mE WW Ib om 

à A A fi g M ry M Laryn gocele 6 
Neonates 2,3 Mo. 4,5,6 Mo. 7-12 Mo. 13-24 Mo. 2,3 Yr >3 Yr. Subglottic stenosis 278 
Ages of Patients Clefts 56 
Hemangioma 95 
Fig. 3. Congenital subglottic stenosis (115 cases). Total 2179 
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TABLE 5. ANATOMICAL DISTRIBUTION OF 
CONGENITAL LARYNGEAL ANOMALIES* 


anette TI ltt eerie AN H rinia a inamana i riaa AAI are Ariran 
arreman: 





Supraglottie Congenital Congenital flac- 
- laryngomalacia cid larynx 
Overdeveloped 
elongated epi- 
glottis with 
road base 
Excessive tubu- 
lar shert epiglot- 
tis 
Cri du chat 
Epiglottic Bifid epiglottis 
Absence of epi- 
glottis 
Ventricular Webs 
band 
Aryepiglottic Atresia. “Con- 
fold genital cyst” 
Hemangioma 
Ventricle Laryngocele 
Glottic True vocal Webs. Atresia 
cords Voeal cord sul- 
cus 


Stenosis. Webs 
Atresia. Cleft 
Hemangioma 
“Laryngeal cysts, paralysis and papilloma are excluded as they are not 
truly defects of laryngeal organogenesis. 


Infraglottic 


Subglottic 
and cricoid 


the subglottic larynx be seen. Other lesions, such as 
atresia of the cricoid and posterior laryngeal cleft, 
are much more rare. A recent publication" system- 
atizes anatomical distribution of congenital laryn- 
geal anomalies (Table 5). There are, of course, 
many unanswered questions as to the exact embryo- 
genes:s of these lesions. Indeed, we still have only a 
vague outline of the calendaring of laryngeal devel- 
opment, the exact ages at which growth accelerates 
or plateaus, and the specific dimensions which one 
would expect at a given age. As one follows the 
child into adolescence, we do, of course, realize 
that -he male larynx grows more quickly than the 
fema.e but have yet to spell out the specific mecha- 
nism of sex differentiation and hormonal action. 


We sincerely trust that the establishment of the 
Institute for Communication Disorders, here at 
Boys Town, will indeed contribute to the welfare 
of all children with laryngeal problems by pro- 
viding for us a better understanding and hopefully, 
theresore, more effective treatment. 
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LARYNGEAL SURGERY IN THE PEDIATRIC PATIENT 


BLAIR FEARON, MD 


TORONTO, ONTARIO, CANADA 


The primary corzern in laryngeal surgery in the infant and child is to relieve airway obstruction, rather than phonation. Because air- 
way obstruction abowe the larynx may simulate or be confused with larvngeal pathology, these are described as the signs and symptoms of 
laryngeal disease. Altaough tracheotomy in the infant is frequently said to be a cause of a long-term problem, the procedure can be carried 
out in the smallest premature quite safely and without an extubation problem. The author’s method of performing the operation is de- 
scribed. Most laryngeal surgery in the child is performed by the endoscopic approach, special scopes being used for special purposes. In ad- 
dition to conventiona instrumentation the cryoprobe and CO, laser are employed. The author's method of treating glottic and subglottic 


stenosis is outlined. 


It must be remembered, in contrast to laryngeal 
surgery in the adult in which the function of the 
voice is one of the commonest concerns, in the child 
the primary problem is that of establishing or main- 
taining an adequate airway. Not only is the larynx 
in the child smal er than in the adult, but there are 
differences in cheracteristics such as were described 
by Dr. Tucker’ earlier, but specifically in the 
dimensions of the triangular glottis. In the 
newborn, the average anteroposterior diameter is 7 
mm and the posterior commissure is 4 mm across. 
The surface arez cf the glottic aperture with the 
vocal cords abducted is thus approximately 14 sq 
mm. Furthermore, the arytenoids in the infant are 
large and in fact remain roughly the same size 
throughout the individual’s growth until maturity. 
Time does not permit description of all of the dif- 
ferences, but suffice it to say the position of the 
larynx from the neck changes with age; in the 
newborn it lies at the fourth cervical vertebra; in 
the six-year-old the fifth cervical vertebra; and in 
the adult at the lower border of the sixth, and 
technically the seventh cervical vertebra. The basic 
function of the larynx is to allow respiration and in 
doing so, to protect the airway from foreign 
material. Another protective mechanism of the 
larynx is to assist in expelling foreign material that 
may otherwise, ia most cases at least, proceed fur- 
ther down the tracheobronchial tree. This 
mechanism is the “bechic blast” that Dr. Chevalier 
Jackson’ described many years ago. 


The first and fcremost important signs and symp- 
toms associated with respiratory obstruction are 
manifested by st-idor, dyspnea, total blockage of 
one or more parts of the lung, and finally, apnea. 
The type of stridor gives some indication as to the 
position of the okstructing lesion. For example, in- 
spiratory stridor 5 usually associated with obstruc- 
tion at or above the level of the vocal cords. Ob- 
structive lesions »elow the vocal cords are mani- 
fested by an expiratory component to the stridor 
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primarily, although we can get a biphasic, to-and- 
fro stridor in glottic and subglottic lesions, as well as 
lesions in the trachea. 


The second group of symptoms involves abnor- 
malities of phonation in which the cry or voice is 
either abnormal or absent. The character of the cry 
is often indicative of laryngeal abnormality. A muf- 
fled sound is often related to supraglottic obstruc- 
tion, as a supraglottic growth, swelling of the su- 
praglottic tissue due to inflammation, or even a for- 
eign body in the upper esophagus; a high-pitched or 
absent cry may be apparent in infants with laryn- 
geal webs or cysts in the glottic area, vocal cord 
paralysis, or spasm of the vocal cords as is seen 
sometimes in hydrocephalus or certain brainstem 
lesions. A croupy type of cough is associated with 
edema of the subglottic space or partial tracheal 
obstruction. In older children abnormalities of for- 
mation are caused by neoplasms, episodes of specif- 
ic or nonspecific infections of the larynx, vocal 
abuse or even functional dysphonias. 


In establishing a diagnosis, observation of the pa- 
tient is very important and it is surprising to me 
how often airway obstruction above the laryngeal 
level is confused with obstruction of the larynx or 
tracheobronchial tree. It is often not realized that 
nasal obstruction in the newborn will cause severe 
respiratory distress. Even simple adenoid hyper- 
trophy can cause such severe obstruction that ade- 
noidectomy may be necessary in the neonate. The 
author has removed adenoid in patients as young as 
two days of age with complete relief of respiratory 
distress. Bilateral choanal atresia in the newborn is 
another not uncommon cause of severe respiratory 
distress, although the temporary solution is simple 
— namely that of using an oral airway in the mouth 
until the obstruction can be corrected.’ Cranio- 
facial abnormalities such as the Pierre Robin syn- 
drome, Crouzon’s disease, etc, are abnormalities of 
development which can affect the nasopharyngeal 
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airway. Cystic hygroma involving the floor of the 
mouth and neck is a very difficult problem to 
manage in respect to the airway, and evea with 
tracheotomy, management of the problem is dif- 
ficult. Innominate artery compression ef the 
trachea can give signs and symptoms almest iden- 
tical at times with those of acute laryngotracheitis. 
This possibility must always be taken into account 
in the differential diagnosis of respiratory distress 
and I would emphasize the only certain way of 
making a diagnosis is by bronchoscopy.* A rather 
rare lesion causing respiratory distress is congenital 
stenosis of the lower trachea and this is another 
problem that only can be diagnosed by bron- 
choscopy.® X-rays are most important in studying 
lesions of the larynx but also at times they can be 
misleading. A radiologist unfamiliar with the 
larynx of the infant may quite readily diagnose 
pathology where in fact the picture is a variation of 
the normal and the true cause of the problem goes 
unrecognized. 





TRACHEOTOMY 


There is generally great fear in doing tracheot- 
omies in a small child, but there is no reason that a 
tracheotomy, if done properly, should resul: in any 
serious problems for the child in the future. In 1964 
we published a report on a group of premature in- 
fants with the idiopathic respiratory distress syn- 
drome who could not be managed by intabation 
and mechanical ventilation and the lives of some of 
these patients were saved, literally, by performing a 
tracheotomy.® The gratifying aspect to this problem 
was that all of the infants who survived a disease 
were not a problem in extubation and, indeed, the 
tracheotomy was discontinued as soon as the disease 
was controlled. Because there had been nothing de- 
signed to connect the Bird respirator to the 
tracheotomy for intermittent positive pressure 
respirations (IPPR), it was necessary to improvise a 
means for the first patient, but this led to the 
Fearon modification of the Holinger tracheotomy 
tube in which the standard inner tube is replaced by 
one with a 15 mm adaptor to which the respirator 
could be attached. This series also led to the 
modification of a bronchoscope so that positive 
pressure ventilation could be carried on in patients 
with respiratory failure. This bronchoscope was in 
turn improved by Paul H. Holinger when the fiber- 
optic lighting system for the bronchoscope became 
available. The respiratory adaptor for the 
tracheotomy tube is also useful for carrying on 
anesthesia in tracheotomy patients of any age. In 
those children who have rather a fat neck er double 
chin, the extension on the inner cannula prevents 
the open end of the tracheotomy tube from being 
obstructed by soft tissues. 





We have had made for us a series of scopes which 
we term laryngotracheoscopes,* which are 20 cm in 
‘Pilling Co, Philadelphia, Pa. 


length and in graduated sizes from 3 to 5 mm.’ 
Besides being effective for doing tracheotomies on 
patients who require positive pressure ventilation, 
we also use them for serial dilatation of laryngeal 
stenosis. They may also be used for dilating tracheal 
stenosis and even some esophageal strictures. In any 
stricture or stenosis, it is imperative not to carry the 
dilatacion to the point of undue trauma — tearing 
cicatrix will only worsen the stenosis so that con- 
stant. but firm pressure must be used as the laryngo- 
tracheoscope is advanced with a rotary movement. 
Ancther difference from the standard bronchoscope 
is that the laryngotracheoscope has no fenesters, 
making closed-circuit anesthesia or ventilation 
possible regardless of the position of the scope in the 
trachea. 


In verforming a tracheotomy on a small child, 
and in particular the newborn. it is most important 
to make the tracheotomy incision relatively low in 
the trachea rather than through the second and 
third -racheal rings, the classic position in the adult. 
In tact, in patients of approximately 1,200 gm or 
less we make the tracheal opening at the level of the 
seventh tracheal ring, thus avciding the problem of 
extubation which is normally expected.‘ 





In verforming tracheotomies, whenever possible 
we de the tracheotomy with a broncoscope or a lar- 
yngotracheoscope in position.” This makes the 
trachea in the small child much easier to locate and 
makes the placing of the tracheotomy tube much 
more accurate. We have designed a chart showing 
the cifferent sizes of bronchoscopes and tracheot- 
omy tubes that we use in patients according to their 
age. Indeed, the tracheal size correlates more ac- 
curately with the age than with the weight of the 
patient. In an emergency when one does not have 
an airway established either with an endotracheal 
tube or a bronchoscope, a “stab” tracheotomy can 
be performed. Under these circumstances it is most 
important that the head be hyperextended to reach 
the tracheal lumen as quickly as possible.’ 


LARYNGEAL SURGERY 


In general there are two ways of carrying out sur- 
gery on the larynx either in children or in adults, 
namely, the peroral or the external neck approach. 
Altheugh not many are familiar with the old Lynch 
suspension laryngoscope, it is most useful in selected 
patients for peroral surgery of the hypopharynx or 
larynx. Although it is awkward to use it may pro- 
vide much greater exposure than the other types of 
laryngoscopes we use and, incidentally, this is truly 
a suspension laryngoscope. It does not have a self- 
contained light system, but this is no problem since 
we usually use the operating microscope with its 
own .ight system. 


Because we did not find the Jako laryngoscope 
completely satisfactory for our needs, we had one 
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specially made* which, indeed, is a modification of 
the Jako, but differs in that it has the standard 
anterior commissure tip, a slot on the side to 
facilitate instrumentation, and an 11 mm extension 
on the proximal erd of the scope, through which an 
inhalation anesthetic may be delivered. This makes 
visualization and instrumentation of the larynx very 
satisfactory. It comes in two lengths, 12.5 cm and 
17.5 em. Actually the latter laryngoscope can be 
used in any patient from one year onwards, It is re- 
tained in position with the Lewy holder and we use 
a foam headrest designed for eye surgery to serve as 
a head-holder for microlaryngoscopy. 





One of the modalities for microlaryngescopy 
treatment is a crycprobe and we have found this in 
particular suitable for supraglottic hemangiomas A 
more recent and more versatile modality of treat- 
ment is the CO, laser which has many uses, but in 
particular, to eradicate papillomata of the larynx as 
well as subglottic hemangiomas and certain laryn- 
geal stenosis. 


Although the CO, laser has no miracle properties, 
we find it preferable to other modalities for treat- 
ment of laryngeal papillomata. With it certainly 
there is less bleeding and the resection can be car- 
ried out with more precision and with less postoper- 
ative reaction than with conventional methods. The 
laryngoscope described previously is especially 
useful for laser surgery in the larynx since the 
anesthetist with whom we work can achieve ex- 
cellent anesthesia without an endotracheal tube and 
at any age. In fact. we have one patient with mas- 
sive tracheal papillomatosis in whom laser surgery 
to the papillomata would be virtually impossible to 
manage with an erdotracheal tube. 


As Dr. Tucker’ has already mentioned, laryngo- 
malacia is the commonest cause of stridor in the in- 
fant, although rarely a threat to life. Nonetheless, 
there are a few patients in whom the airway is com- 
promised to the degree that a life- threatening situa- 
tion may develop. In such patients we have been 
able to suture the epiglottis to the base of the tengue 
after denuding the mucous membrane from the ad- 
jacent surfaces. Congenital webs between the ven- 
tricular bands are very rare and in the one patient 
we have managed. although the cry was weak, the 
airway was not significantly compromised. 


Mucus-containing cysts in the aryepiglottie folds 
or ventricular bands may be present at birth. ard 
when large, cause a degree of obstruction to the 
glottic aperture on inspiration. Inspiratory stridor, 
weak, muffled or absent cry, suggests this possibili- 
ty and easily can be seen on direct laryngoscopy. To 
relieve the airway obstruction the cysts can be 
aspirated with a long, large-bore needle without a 
general anesthetic, but definitive treatment is the 
resection of the walls of the cyst using biting forceps 
or the CO, laser, leaving the base open. Some con- 
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genital supraglottic cysts can be silent until they 
become infected, thus resulting i in an abscess which 
will increase in size and thus obstruct the airway. 
The same method of surgery can be applied to these 
as with the noninfected cysts. 


Supraglottic hemangioma can cause a gradually 
increasing obstruction to inspiration. They may not 
be present at birth but symptoms usually develop i in 
the first few months of life. In contrast to the 
subglottic hemangioma, the blood vessels are rela- 
tively large and, therefore, bleeding can be profuse 
from a biopsy. In our opinion, the cryoprobe is the 
safest and most effective method of management of 
this particular lesion. 


Supraglottic lymphangiomas are much more dif- 
fuse and often involve a large area of the supraglot- 
tic structure. These can be removed by biting for- 
ceps, but we find the CO, laser more effective. 


Laryngoesophageal clefts usually present in the 
newborn with symptoms similar to that of a trache- 
oesophageal fistula. There is choking with feeding 
and aspiration of feeding. The diagnosis is best 
made by direct laryngoscopy and bronchoscopy, al- 
though unless one is thinking of the possibility, the 
lesion may readily be missed. These patients present 
a challenge i in management and the great danger is 
that of a chemical pneumonitis due to aspiration of 
gastric secretions, as well as from any food given 
orally. The first steps in the definitive management 
is to do a tracheotomy and at the same time, a 
gastrostomy. Small laryngeal clefts that do not in- 
volve the whole cricoid plate and the upper trachea 
may be corrected by a transoral approach, but a 
true laryngoesophageal cleft must be managed by 
open neck surgery. Surgery of the cleft should be 
carried out as soon as possible, because the longer 
the problem remains, the greater is the likelihood of 
irreversible pulmonary damage. 


Glottic webs can vary from a small subclinical le- 
sion between the cords at the anterior commissure 
to a total glottic involvement. Obviously in the lat- 
ter, unless steps are taken immediately at birth, the 
child cannot survive and therefore a “stab” tra- 
cheotomy may be the only way of keeping the child 
alive. On oceasion the glottic web may be very thin 
and one dilatation with the bronchoscope may solve 
the problem. More often the web is dense, and 
when the airway is severely limited tracheotomy 
should be carried out and definitive surgery can be 
accomplished later. Glottic webs can occur from 
prolonged endotracheal intubation and usually the 
subglottic space is involved as well. Some glottic 
webs can be correctred with the CO, laser but if this 
fails one can resort to a laryngofissure approach us- 
ing a keel.’ 


Congenital or acquired subglottic webs or 
stenoses are much more common than the above 
and when the airway is severely compromised, tra- 
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cheotomy may be necessary. If the cicatricial fibers 
creating the subglottic stenosis are not teo dense, 
repeated transoral dilatations of the stenoses may 
correct the airway problem.'® We occasionally use 
the laser for this purpose and have had some satis- 
factory results with this modality of treatment. 
When the response to dilatation or to the laser re- 
section is unsatisfactory, then an external neck ap- 
proach may be the answer. If the stenosis is con- 
fined to the cricoid area and the upper one or two 
tracheal rings, the Fearon-Cotton operation can 
provide a satisfactory airway.''''* If the sterosis in- 
volves the glottic area, the subglottic space and two 
or more tracheal rings, then a more extensive opera- 
tion, such as described by Grahne!®> and trysdale 
and Blatt'* may be employed. 





In our experience, subglottic hemangicraas are 
totally different in characteristics from hemangi- 
omas elsewhere in the respiratory tract. The endo- 
scopic appearance is an irregular, dull, ree mass, 
partially circumferential in the subglottic space. It 
is quite firm and not friable and, in fact, it is dif- 
ficult to get a good punch biopsy because of its den- 
sity. Contrary to what one would expect, there is 
relatively little bleeding from the biopsy. Waen the 
airway is compromised severely, tracheotomy is ne- 
cessary before definitive treatment can be estab- 
lished. In the past, we have had good resuks with 
high voltage external irradiation therapy, but re- 
cently we have used the CO, laser successfully and 
we have hopes that this may be the most satisfactory 
method of dealing with the problem. 


Vocal nodules, often known as screamers’ nodes, 
are a common cause of dysphonia in the child and 
our policy is to advise speech therapy where the mo- 
tivation is great enough for the patient to fallow the 
treatment faithfully. It is important to reassure the 
parents that this is a harmless lesion. Certainly 


there is no urgency for surgical correction once the 
diagmosis has been clearly established. Surgical re- 
moval with forceps or with the CO, laser can be 
carried out if the voice is affected so badly that the 
speecn is unintelligible. 


The eommonest benign neoplastic disease in the 
child is juvenile papillomatosis, which is a very 
capricious disease and the main objective is that of 
maintaining an adequate airway. We avoid trache- 
otom almost at all costs because we believe there is 
a danger of seeding the papilloma in the trachea if a 
tracheotomy is performed. Resection of the papillo- 
mata is carried out as often as necessary to maintain 
the airway. Although the CO, laser for this purpose 
has no magical qualities, we believe resection can 
be cazried out with less trauma and more precision 
than one can accomplish with the conventional in- 
strumerital resection. 
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Primary and latent neoplastic disease of the 
larynx is rare in the child and most cases reported 
have <ollowed earlier radiation therapy in the head 
and neck for benign conditions. However, we have 
one patient, a male of 12 years of age, with supra- 
glottice squamous cell carcinoma large enough to 
cause respiratory embarrassment. In this instance, 
since there were no obvious secondaries, we elected 
to resect the growth with the CO, laser and this was 
followed by conventional radiation therapy. So far, 
after zwo years, there is no sign of recurrence. 


In our experience with children, fractures of the 
larynx from external blunt trauma are relatively un- 
common. However, if there is extensive damage to 
the laryngeal cartilages from either blunt or pene- 
trating injuries, tracheotomy is mandatory even 
though the patient has no significant airway distress 
when first seen. Reconstruction of the laryngeal 
compiex should be performed as soon as feasible 
with an external approach. 
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PREVENTION AND TREATMENT OF STUTTERING 


WILLIAM H. PERKINS, PhD 


Los ANGELES, CALIFORNIA 


Evidence is revewed that forms the basis for prevention and treatment of stuttering as a problem of motor speech coordination. 
Simplification of phenatory complexity and retardation-of phone rate have been demonstrated experimentally to virtually eliminate stut- 
tering. These invariant relationships are used in rate control and breath stream management procedures to facilitate fluency. 


Historically, the only lawful thing that could be 
said about stuttering is that it seems to be unlawful. 
So many exceptions have existed to every proposed 
rule that theoris’s have been free to speculate wide- 
ly, and sometim-s wildly, about the nature and ap- 
propriate treatrrent of this problem. Lacking com- 
pelling evidence for one view over another, there 
are probab.y about as many theories and therapies 
of stuttering as there are clinicians treating it. 


For the develepment of maximally effective pre- 
vention and treatment strategies, a foundation is 
needed of some lawful characteristics of this 
disorder. We need some invariant relationships to 
which we can archor our scientific and therapeutic 
hypotheses. For unately, such characteristics have 
begun to emerge. Not that they are particularly 
new: they ve been under our noses for years, but 
have been largely ignored as part of the folklore of 
stuttering, or have been explained away as “‘distrac- 
tion effects,” a Fypothetical explanation dependent 
entirely upon the validity of anticipatory-struggle 
theories and for which a growing body of negative 
evidence is accu nulating. 


In a nutsnell, -wo methods of eliminating stutter- 
ing without exception have already been demon- 
strated. These izvolve the time-honored dictum to 
slow down, and an extension of the well known ef- 
fect of whisper ng. Waiting in the wings to be 
demonstrated is -hythm, a technique that will likely 
prove equally a: effective. Now let us look at the 
nature of these lawful effects, some inferences 
which can be d-awn from them, and the clinical 
significance of them for the prevention and treat- 
ment of stuttering. 

An adequate explanation of fluency and stutter- 
ing must accoun: for inexplicable periods of fluency 
as well as for less of fluency. For this intriguing 
problem, answe-s have been sought in every con- 
ceivable ncok aac cranny of the stutterer’s soma 
and psyche. The big game hunters on these expedi- 
tions have more often than not returned, however, 
with little more -o show than field mice. For years, 
the adaptation ffect and consistency effect have 
been regarded a: the most lawful characteristics of 
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stuttering, but there have always been stutterers 
who did not show these effects. As Dean Williams 
and his associates'-* have been especially instrumen- 
tal in demonstrating, these effects are also found in 
normal disfluency. 


Having been raised on the premise that stuttering 
is learned, I found operant theory persuasive at 
first, and I still see the uses to which stuttering can 
be put as examples of operant learning. But our ex- 
perience with manipulation of operant contingen- 
cies does not persuade me that nuclei of stuttered 
disfluencies are explained adequately as examples of 
learning. 


The possibility that much stuttering may not 
evolve by learning from normal disfluency began to 
open with our use of delayed auditory feedback 
(DAF). In our experience with several hundred stut- 
terers, DAF has been effective only as a means of 
enforcing syllable prolongation. By modeling the 
behavior we seek, the same release from stuttering 
can be obtained with or without DAF provided the 
same technique of syllable prolongation is used. 


Doubt about the effect of rate retardation on 
stuttering was raised in recent studies that showed 
that slow word rates tend to reduce stuttering, but 
the effect is relatively weak.** These results puzzled 
us because they were so discrepant from our clinical 
experience. We suspected, though, that the reason 
for such small effects was that these investigators 
retarced word rate, which offered no assurance 
that phonetic rate was also retarded. It is prolonga- 
tion of phones that we thought essential to reduc- 
tion of stuttering. l 


To find out if our suspicion was correct, we devised 
an experiment in which we used sentences of mono- 
syllabic words that were read normally, at two- 
second intervals without prolongation, and at two- 
second intervals with prolongation. Two-second in- 
tervals were used to simulate the 30-word-per- 
minute pace we used clinically to establish fluency. 
We reasoned that rate could be reduced by ar- 
ticulating rapidly at normal phonetic speeds and 
then pausing between syllables, or by articulating 
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slowly with syllable prolongation. Clinical exper- 
ience led us to expect much more reduction of stut- 
tering with the latter technique for retarciag rate 
than with the former. The 19 subjects who met ex- 
perimental requirements confirmed this ezpecta- 
tion. Most showed some decrease in stutterizg with 
syllable rate retarded with prolongation. All 
showed considerable decrease with phonetic rate 
retarded by means of syllable prolongatiom which 
practically eliminated stuttering. 


Why is a slow phonetic rate so powerful a method 
of obtaining fluency? We have gathered ccnsider- 
able evidence that simplification of phonatery coor- 
dinations with respiration and articulation is 
universally effective in reducing stuttering.* One 
technique for facilitating these coordinations is to 
slow the phonetic rate at which they must be made; 
another is to simplify their complexity. Our ration- 
ale for simplification is progressively tc reduce 
phonatory complexity from voiced to whispered to 
lipped speech. In this way, the number of ohysio- 
logical adjustments, especially phonatory adjust- 
ments, is sharply reduced from the voiced to whis- 
pered condition and is minimal under the lipped 
condition in which articulatory movemen:s need 
not be coordinated with either phonatory or respir- 
atory movements. Moreover, the rate at which 
phonatory coordinations must occur drops {pom the 
high-speed phone rate of about 14 phones per sec- 
ond (about twice the speed at which one can zontrol 
the articulatory mechanism) to the much slower 
syllable rate of about six syllables per second. 


The effects of simplifying these coordinations has 
been so stable that the procedure has become a di- 
agnostic tool for us. Of the 30 subjects in the formal 
experiment, stuttering was considerably reduced 
when whispering, and invariably was all but elim- 
inated when articulating silently. The only excep- 
tion to this pattern in over 100 stutterers tested 
clinically was a woman with a motor speech dis- 
order. When she did not show the expected pattern, 
we became suspicious that her disfluencies ir volved 
something other than typical stuttering. A neuro- 
logical evaluation revealed that she was suffering 
from a rare myoclonic seizure disorder. 


Admittedly, alternative explanations of these re- 
sults are possible. We have tested articulatcry and 
grammatic complexity in some unpublished experi- 
ments and have found their effects to be slig 
looked at the distraction effect, but it does not ex- 
plain why lipping is more effective than whisper- 
ing, unless one is willing to argue that ligping is 
more distracting than whispering. We considered 
communicative responsibility, but it requires the 
assumption that every subject had the same uncon- 
trolled psychological reaction to each experamental 
condition, which hardly seems credible. Another 
possibility is that the effects are due to reduction in 
the levels of subglottal pressure required for whis- 








perinz and lipping. Indeed, this factor does operate 
and may account in part for the effects, but it does 
not explain why a retarded phonetic rate using nor- 
mal voice (with its higher subglottal pressure re- 
quirements) is equally as effective as is lipping in 
consistently reducing syllable cisfluency. 


We favor a discoordination hypothesis because it 
encompasses these known strong effects which elim- 
inate stuttering: both retarded phonetic rate and 
simplification of phonatory complexity facilitate 
speech coordinations, hence contribute to fluency. 
This has become a cornerstone in our rationale for 
treatment. We view stuttering as discoordination of 
phonation with articulation and_ respiration. 
Therefore, we select shaping procedures for their 
power in facilitating these coordinations. 


Although a variety of techniques can accomplish 
this purpose, our original experience was with 
syllable prolongation so we have continued with it 
as our initial facilitating technique. Next we include 
management of the breath stream to initiate voice 
with a soft breathy onset and then to help maintain 
airflow throughout the phrase without any breaks 
or steppages in it. We explicitly avoid having stut- 
terers monitor voice onset syllable by syllable and 
certainly not sound by sound. Speech sounds spoken 
at normal rates flow by twice as fast as one can con- 
trol movement — high-speed speech is produced 
with low-speed equipment — and even syllables 
flow normally at one’s upper limits of control. If it 
is possible to monitor individual sounds and sylla- 
bles at normal rates without abandoning controls, 
we have not found the method. Our objective is to 
teach centrols which can be used at normal speech 
rates so we concentrate on dimensions of the phrase 
whici can be monitored, controlled and still 
preserve normal rates and expressiveness. In effect, 
what we seek are controls which, when mastered, 
will aot be apparent when used. In a sense, our 
most successful graduates become skillful actors 
whose technique does not show when they sound 
like normal speakers. 


A shift in our emphasis has occurred, however, in 
the last few years. Increasingly, we have stressed 
rhythm as the dimension that more than any other 
facilitates speech coordinations. Not that this is a 
startling direction to take; historically, stuttering is 
defined as a disorder of rhythm. Nor are we alone in 
pointing to it afresh; Wingate’ has implicated it as 
the central element of stuttering. The reasons why 
we have shifted derive from both the research and 
clinical laboratory. The lead from our own work 
turned up in the discoordination experiment. One 
of the alternate explanations for the effect of 
whispering and lipping was that reduced stuttering 
was & consequence of increased effort and deliber- 
ate articulation. We reasoned that if this were the 
basis fer improvement, then articulatory rate 
should have been retarded. What we found, in- 
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stead, was that rate accelerated as fluency im- 
proved, suggesting that rhythm of speech had been 
facilitated. 


This resu.t gave impetus to the clinical impression 
that rhythm was the key to shaping normal rate and 
normal expressiver.ess without loss of control. We 
concluded that without control of prosody (the pat- 
terning of the elements of which make rhythm) we 
could not systematically produce normal-sounding 
speech. Adrmittecly, this is the most subtle and dif- 
ficult of the dimensions of speech to make explicit. 
Of the elements of prosody — pitch, loudness, and 
duration — only zhe latter has proven clinically 
profitable. Attention to pitch and loudness yields 
artificial inflections worse than a beginning actor 
emoting Hamlets soliloquy. Therefore, we avoid 
teaching hew to stress syllables. Instead, we con- 
centrate on how to shorten unstressed syllables. 


Interestingly, a trade-off seems to exist between 
rhythm and the cther dimensions with which fluen- 
cy can be maintained. The stronger the rhythmic 
pattern, the more the speaker can, without disrup- 
tion, survive hard vocal attacks, rapid rate, breaks 
in the breath stream, and any other condition con- 
ducive to stuttering. Conversely, the poorer the 
rhythm the more reliance must be placed on slow 
rate and smooth airflow to maintain fluency. 


Our rationale for prevention of stuttering is 
twofold. It derives squarely from our conception of 
the nature of stuttering as having two facets: phys- 
iologically stuttering is a discoordination of speech, 
and psychologically it becomes useful and is rein- 
forced as operan: behavior. As you might suspect, 
some of our recommendations for children seem 
iconoclastic for those who hold traditional views. 
First, we attemp? to facilitate the child’s coordina- 
tion of speech. Cne of our hypotheses is that 
preschool children showing early signs of stuttering 
are vulnerable to speech discoordination. When 
they attempt to speak at rates in excess of those they 
can manage, distluency results. Accordingly, our 
first objective is to reduce pressure on the child for 
fast or jerky responses. 


The other hypethesis related to facilitating coor- 
dination is that taese young incipient stutterers are 
entering the social communication contest in a 


family of fast competitive talkers. If they are to 
make themselves heard, they must hurry to get a 
word in edgewise. Obviously, expecting them to 
slow down and speak smoothly while everyone else 
is whizzing along is hopeless. Thus we concentrate 
on the family and teach them to instruct by example 
rather than by direction. We try to turn the speak- 
ing contest around so that the objective is for 
everyone in the family to speak slowly and smooth- 
ly, and be a good listener. This program begins on a 
limited basis at first and is expanded as rapidly as 
possibie to all speech at home. In this way the incip- 
ient stutterer is not singled out for special attention, 
favorable or unfavorable. 


Our second objective is to help prevent these chil- 
dren from discovering payoffs in stuttering, espec- 
ially the discovery that stuttering grabs attention. 
Another of our hypotheses is that children who are 
particularly vulnerable to having disfluencies 
enlarge into a full-blown problem of stuttering are 
the insecure ones who have had little success gain- 
ing attention when they speak. Undoubtedly, to at- 
tempt to participate in a conversation and have no 
one listen is as painful for children as it is for adults. 
Such children are probably candidates for strong 
reinforcement of disfluencies that the parents re- 
spond to with alarm. Even a negative reaction can 
be preferable to none. 


Here is where our approach becomes controver- 
sial. Instead of the admonition to listen attentively 
to stuttered as well as nonstuttered speech, we in- 
struct the parents in discriminative listening. They 
learn to attend selectively to their children when 
they speak smoothly and easily, and to be less atten- 
tive when speech becomes choppy and stuttered. 
Not that they are to punish stuttering or to call at- 
tention to it. Quite the contrary. The objective is to 
call attention to what the child is talking about 
when speaking effortlessly. It is the content of 
speech, not the speech itself that we encourage to be 
the focus of interest. 


We have had only limited experiences so far with 
this prevention program, so it should be viewed as 
experimental until far more results have accumu- 
lated. Such experience as we have had, however, 
has been very encouraging and has given us increased 
confidence in the hypotheses from which we work. 
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PERCEPTUAL EVALUATION OF VELOPHARYNGEAL COMPETENCY 


BETT 





JANE PHILIPS, EdD 


OMAHA, NEBRASKA 


Eight public school speech/language pathologists estimated velopharyngex: competence on the basis of perceptual evaluation of 
speech characteristics of 24 subjects. These evaluations were made from tape-recorded speech samples. After or:entation to a system for 
scoring speech characteristics associated with velopharyngeal incompetence they reevaluated the same 24 subjects. The evaluations were 
found to improve significantly with orientation and to ccrrelate well with experts’ Live evaluations as well as evaluations based on in- 
strumentation which included telefluorography, manometzic and pressure-flow data. It was concluded that speeca/language pathologists, 
who by nature of their education and training have expertise in identification of speech deviations, can apply their skills effectively in iden- 
tifying velopharyngeal incompetence. Further it was suggested that orientation to a system for weighing speech characteristics related to 
velopharyngeal competency can improve their estimates. 


A competent velopharyngeal valve is necessary to patholegists in assessing velopharyngeal com- 
control air pressure and air flow for speech. Inabili- petence on the basis of perceptual judgments of 
ty to uncouple the oral and nasal cavities will ad- speech characteristics?” And, an additional ques- 
versely influence both articulation and resonetion. tion is, “Is there potential for imoroving the level of 
Speech characteristics such as hypernasal reso- confidence and if necessary, the skill of 
nance, loss of oral air pressure for productien of speech-anguage pathologists by providing them 
sibilants and plosives and inappropriate nasal air orientation to the speech characteristics which serve 
escape reflect the presence and the degree ef in- as ind cators of velopharyngeal incompetence?” 
competence of the velopharyngeal valving sys- The following is a report of a pilot study which has 
tem.™* Additionally, relatively unique compen- initiated an investigation into these questions. 


satory speech behaviors such as glottal stops, 
pharyngeal fricatives, and nasal grimace may be 
demonstrated when the velopharyngeal valve is in- 
competent.®" Speech/language pathologists must 
be able to recognize the symptoms of an inadequate 
velar mechanism so that they can refer for appro- 
priate management. 


Eight speech/language pathologists employed in 
the Omaha public schools were asked by their su- 
pervisor to participate in this study. All had 
master’s degrees and held the Certificate of Clinical 
Competence in Speech/Language Pathology, but 
like other professionals, they had relatively little 
specific training in work with velopharyngeal dis- 
orders. The eight represented two different univer- 
sities in terms of their graduate degrees. Two of the 
clinicians had neither taken a class nor received 
supervised clinical practicum in cleft palate. Each 
reported field experience in work with from one to 
four children with velopharyngeal disorders. All of 
the clinicians indicated that they lacked self- 
confidence in evaluation of velopharyngeal in- 
competence. Only three had taken a specific class in 
cleft palate and only three, but not the ones who 
had taken the class, had received supervised clinical 
practice with a cleft palate client. 


Frequently, the speech/language pathologist who 
must assume this responsibility for identification 
and assessment of speech characteristics related to 
velopharyngeal incompetence is a person working 
in the field without benefit of extensive experience 
with velopharyngeal disorders, and without the 
assistance of instrumentation available in well- 
equipped clinical centers. Clinicians cannot rely on 
either a history of clefting or surgical repair as a 
basis for assessment of the adequacy of the valve. 
Anatomical and physiological constraints prohibit 
assessment of valving competence solely on the basis 


of visual examination of the oropharyngeal struc- These eight clinicians were asked to listen to ran- 
tures.” Thus, speech/language pathologists must domly ordered audiotape recordings of the speech 
develop, use, and depend on their skills in percep- of 24 children. The children had been subjects in a 
tual evaluation of speech characteristics to assess research project at the University of Pittsburgh 
competency of the velopharyngeal mechanism. Ex- Cleft Palate Center. Some had repaired clefts, some 
perience suggests that many clinicians are unsom- unrepaired clefts, and some had no overt clefting. 
fortable in making such judgments and further. fre- All hæl been suspected at some time of having velo- 
quently are discouraged by physicians who some- pharyngeal disorders. Subsequent judgments made 
times refuse even to consider the clinician’s concern by the Jniversity of Pittsburgh staff indicated that 
for inadequate palatal valving. Thus, a question is the children at the time of the project demonstrated 
posed, “How proficient are speech/language a range representing competent to severely in- 
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TABLE 1. 


BETTY JANE PHILIPS 


A system for scoring speech symptoms associated with 


velopharyngeal incompetence 
nDO a aaa nannan aaan 





Resonance 


Mild to moderate hypernasality 


Severe hypernasality 
Nasal Emission 


Visible (describe nostril evidencing 


poorest performance) 


Mild or moderate inconsistent? 


Mild to moderate consistent 


Severe, consistent or inconsistent 


Audible nasal emission 
Nasal turbulence 
Facial grimace 
Phonation 
Mild hoarseness 


Moderate to severe hoarseness! 


Reduced loudness 
Articulation 


Omission of fricatives or plosives 
Anterior sibilant distortions 
Reduced intra-oral pressure on fricatives 


Lingual-palatal sibilants 


Omission of fricatives plus hard glottal 


attack for vowels 


Reduced intra-oral pressure for plosives 

Compensatory articulation such as glottal 
stops, velar or pharyngeal fricatives, 
inhalation or exhalation substitutions 


Column Total 





Weighted Value 
1 2 3 


3 


3 





Cumulative Total 


ere one point if consistent visible or audible nasal 


emission is present. 


24dd three points if visible or audible nasal emission 


is present. 


3A4dd one point if hyponasality is present. 


Classification of velopharyngeal valving using cumulative 


score: 
1€-14 Moderate, 


competent velopharyngeal mechanisms. Speech 
samples which were approximately one minute in 
length were recorded for each child. These record- 
ings included counting from one to ten, production 
of sentences which contained nasals, plosives, 
sibilants. and affricates in prevocalic, intervocalic, 
and postvocalic contexts and blends and also a short 
sample cf speech elicited in response to a picture. 
The evaluators heard each recording three times. 
They estimated the velopharyngeal competence, or 
conversely, incompetence of each child on the basis 
of their auditcry perception of the speech character- 


1-2 Borderline Competent, 
15 and Up Severe. 


3-6 Borderline, 7-9 Mild, 


istics supplemented by information given them, 
which included the child’s age and sex, and the 
results of visual observations of nasal air escape on 
mirror examination and/or nasal grimace. They 
classified their estimates using the following 
descriptions: competent, borderline competent, 
borderline, mildly, moderately, or severely in- 
competent. 


After the evaluators had completed their initial 
task, they were given a listing of speech characteris- 
tics associated with velopharyngeal disorders, a 


VELOPHARYNGEAL COMPETENCY 155 


TABLE 2.,COMPARISON OF SPEECH/LANGUAGE 
PATHOLOGISTS’ ESTIMATES OF VELOPHARYNGEAL 
COMPETENCY BASED ON PERCEPTUAL EVALUATIONS 
OF SPEECH COMPARED WITH ESTIMATES MADE BY 
EXPERTS AND ESTIMATES BASED ON INSTRUMENTATION 


ponnn pirmai Here er ere e LSA Afr terre rerRMialAlst errr rrPeLe Ney Aui fr frrnrurr tine ne emrrre Aaaa viamiinanmumunanea arniran itie case anA 
Anena a ht ie Ra anaana ag arr arnan a aE aA aA SA T E tren aaas 





_ Preorientation _ Posterientation 
Experts live speech .63 19 
evaluations t= -4.89 
P< 001 
Telefluorographic data 65 8] 
= ~3.85 
P< O01 
Composite instrumen- .60 16 
tation data P= 4,38 
P< 001 


method for scoring these characteristics and a 
system for estimating velopharyngeal competence 
or degree of incompetence from the total score 
derived (Table 1). The speech characteristics which 
were to be scored included attributes of rescnation, 
nasal air escape or nasal emission, phonation, and 
articulation. The author developed this scoring 
system with Dr. Betty Jane McWilliams. Prior 
observations had indicated that estimates of velo- 
pharyngeal competence made when using the scor- 
ing system were in good agreement with evaluations 
of velopharyngeal competency assessed by in- 
strumentation, eg, telefluoroscopy, manometric 
and pressure-flow studies. During the brief 
30-minute orientation, in which the rating scale 
was described, the evaluators also heard tape- 
recorded demonstrations of the speech characteris- 
tics listed in the scale, and practiced scorimg two 
speech samples which had not been included in the 
original 24. 





The evaluators then listened to the same 24 tape- 
recorded speech samples they had heard previously. 
They identified the speech characteristics heard, 
and used the scoring system to arrive at an estimate 
of velopharyngeal valving competency. 


The adequacy of the preorientation and postori- 
entation ratings was measured against three 
criteria: 1) experienced speech/language patholo- 
gists’ judgments of the live speech of the children, 2) 
telefluoroscopic evaluations of velopharyngeal com- 
petency based on data available for 14 of the 24 
children, and 3) derived judgments of velopharyn- 
geal competency based on various combinations of 
data available from instrumentation which included 
Hunter manometric, RD oral manometric, air pres- 
sure-flow, and telefluoroscopic studies. The judg- 
ments of live speech, telefluoroscopic, manometic, 
and air pressure-flow data were obtained on the 
same day as the audiotape recordings. The expert’s 
live evaluations, the telefluoroscopic evaluations, 
and the composite instrumentation evaluaticas had 
resulted in estimates of velopharyngeal ineompe- 
tence using the same rating scale the evaluators used. 


Pearson product moment correlations were util- 
ized to measure the relationship among the evalua- 


tors ratings and the various criteria. In Table 2 the 
evaluators’ judgments are compared with the ex- 
perts ive judgments. The preorientation correla- 
tion between the evaluators and the experts was 
.63. Pestorientation the correlation rose to .79. This 
improvement in the correlation proved to be signif- 
icant at the .001 level of confidence. 


The preorientation and postorientation evalua- 
tions were compared with those derived from the 
composite instrumentation data available for the 24 
subjects. The correlation between the evaluators’ 
ratings and the composite ratings based on video, 
manoraetric, and pressure-flow studies was .60 pre- 
orientation and rose to .76 postorientation. The dif- 
ference between the preorientation and postorien- 
tatien correlations was significant at the .001 level 
of confidence. 


Similarly, the preorientation correlations with 
the 14 telefluoroscopic ratings was .65 while the 
postorientation correlation rose to .81. The dif- 
ference was significant at the .01 level of con- 
fidence. Videofluoroscopic ratings were available 
for ontv 14 of the 24 subjects because for those with 
norma: speech, exposure to radiation could not be 
justified, and because for some the videofluor- 
oscopie findings were inconclusive. 


There is no infallible measure of the competency 
of the velopharyngeal mechanism, each has limita- 
tions. “here are no absolute criteria. The correla- 
tions between the clinician’s evaluations and in- 
strumentation were about the same level as correla- 
tions that can be expected when videofluoroscopy is 
compared with pressure-flow data, or with experts’ 
live speech evaluations. Thus, the correlations the 
evaluators achieved were considered a reasonably 
high or satisfactory level. The evaluators were 
found to be performing far below the experts before 
orientation but close to the level of the experts after 
the orientation. The improvement with the orienta- 
tion may seem surprising in view of the clinician’s 
lack of specific education and training. The find- 
ings suggest that the basic education and training of 
the speech/language pathologists had provided 
them necessary background information and skills 
so that a brief orientation, rather than a more 
lengthy form of continuing education, was produc- 
tive in improving their evaluations of velopharyn- 
geal competency. 


The task the evaluators was given, rating the de- 
gree of incompetence of the velar mechanism, was 
unusual for them and particularly demanding. Speech/ 
language pathologists usually simply indicate either 
that there is or isn’t concern for velopharyngeal in- 
competence rather than estimate the degee. 


To cetermine how these evaluators might have 
done on a concern/no concern decision, it seems 
likely that a decision to refer for evaluation and 
management to allied professionals would have 
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Telefluorographic Evaluations 
m 


Speech Evaluations 


Fig. 1. Criterie for determining appropriateness of 
referrals when sxeech evaluations are used as the basis for 
referral. S - Severe Mo - Moderate; M - Mild; B -Border- 
line; BC - Borderline competent; C - Competent. 


been made when the speech characteristics in- 
dicative of velopharyngeal incompetence were pres- 
ent. Figure 1 illustrates criteria by which ap- 
propriateness ot Dossible referral action might be 
studied. Although there are limitations to tele- 
fluorographic evaluations, it was arbitrarily assumed 
that subjects wnc were evaluated as competent or 
borderline competent would have been underre- 
ferred if discovered to be incompetent on the basis 
of teleflucroscqpy. Similarly, the assumption was 
made that subects would have been overreferred 
when a clinicien’s speech evaluation indicated in- 
competence bu’ telefluorography indicated compe- 
tence. The change in number of inappropriate 
referrals from >reorientation to postorientation is 
demonstrated im Table 3. Clearly, the number of in- 
appropriate re errals decreases. Observe that as 
shown in Tabe 3 that preorientation the inap- 
propriate action would usually have been under- 
referral. At preorientation the clinicians would 
rarely have referred patients for whom there was no 
reason for concern. In fact, they would have missed 
some who should have been referred. These find- 
ings suggest thet even at preorientation the speech 
clinicians’ concerns for inadequate velopharyngeal 
valve for speeck production deserved careful atten- 
tion by the physician and follow-up through com- 
prehensive evaluation by a cleft palate team. The 
field clinieian should seek further evidence which 
will assist in cetermining the competency of 


TABLE 3. THEORETICAL REFERRALS BASED ON 
PERCEPTUAL JUDGMENTS OF THE SPEECH OF 14 
SUBJECTS BY E GHT SPEECH PATHOLOGISTS WHEN 
TELEFLUOQROSCOPY WAS USED AS THE CRITERIA FOR 
INDICATING APPROPRIATENESS OF REFERRAL 


Referral for Comprehensive 
Evaluation of Veloovharyngeal 


Competency Preorientation Postorientation 
Appropriate acticn 53 99 
Inappropriate action 59 13 

Overreferral 4 4 

Underreferal 55 9 


TABLE 4. EXAMPLE OF INFORMATION WHICH CAN BE 
OBTAINED TO EVALUATE ONE SPEECH/LANGUAGE 
PATHOLOGIST’S ABILITY TO ESTIMATE 
VELOPHARYNGEAL COMPETENCE BY USE OF 
PERCEPTUALLY BASED JUDGMENTS OF SPEECH 


CHARACTERISTICS 
Evaluator's Performance __Preorientation_Postorientation 
Correlation with experts .6058 .7171 
Correlation with 
instrumentation .5346 .7144 
Underreferrals 7 l 
Overreferrals 3 4 


velopharyngeal valving for speech when there is 
doubt of a competent valve. The findings suggest 
that at postorientation they would have had greater 
awareness of speech characteristics which serve as 
the basis for concern. They probably have de- 
creased their tendency to underrefer and increased 
the number of appropriate referrals. 


Speech/language pathologists who work within 
cleft palate centers have the advantage of feedback 
received from evaluations based on instrumentation 
such as telefluoroscopy. This helps them develop 
their skill in evaluating velopharyngeal incompe- 
tence and develops their confidence in the validity 
of these perceptually based judgements. Clinicians 
in the field typically do not have opportunity for 
feedback. The scoring system permits observation 
of the performance of individuals and makes it 
possible to give each evaluator feedback related to 
each of the evaluations made. Tables 4 and 5 il- 
lustrate feedback information which was developed 
for a single evaluator. In this instance, Table 5 sug- 
gests that for the specific child being evaluated, the 
clinician was having difficulty distinguishing com- 
pensatory articulation errors and had incorrectly 


TABLE 5. COMPARISON OF ONE EVALUATOR’S RATINGS 
OF TAPE-RECORDED SPEECH CHARACTERISTICS 
ASSOCIATED WITH VELOPHARYNGEAL INCOMPETENCE 
AND RATINGS BASED ON EXPERTS’ EVALUATIONS OF 
LIVE SPEECH 


Evaluators Experts’ 
Speech Characteristics Evaluated Ratings Ratings 
Hypernasality 0 0 
Nasal emission (consistent visible) l l 
Plus hyponasality l l 
Nasal emission (audible) 0 0 
Nasal grimace 0 0 
Hoarseness 0 0 
Articulation 
Omission of fricatives or 
plosives l ] 
Anterior sibilants (lateralized) l l 
Reduced pressure (fricatives) 2 0 
Lingual palatal sibilants 2 l 
Compensatory articulation 3 (+3) 0 
Glottal stops, pharyngeal 
fricatives 
Total 14 5 
Classification Moderate Borderline 
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classified some as atypical patterns, eg, pharyngeal 
fricatives and glottals. When evaluations of each 
subject were studied, the problem in recognizing 
compensatory articulatory substitutions was ob- 
served several times. Feedback of this type can assist 
the individual evaluator in developing awareness of 
areas of weakness. By giving the evaluator oppor- 
tunity to study the tape recordings with knowledge 
of the experts’ judgments, the evaluator’s perform- 
ance probably can be improved. 


In summary, the results of this study suggest that 
speech/language pathologists, who by nature of 
their education and training do have expertise in 
identification of speech deviations, can effectively 


apply their skills to evaluation of velopharyngeal 
problems. With orientation to a system for making 
pereeptually based judgments of speech, their 
evaluctions can improve. Their evaluations, as 
judged by comparisons with data from instrumen- 
tation, have validity and deserve careful considera- 
tion Ey those professionals to whom the clinician 
refers for in-depth evaluation of the velopharyngeal 
mechenism. Additionally, opportunity for com- 
parisan of the speech/language pathologists’ percep- 
tually based judgments with various criteria such as 
ratings by experts and from instrumentation, can be 
utilized to provide feedback which may further im- 
prove their evaluations and also provide them some 
indicetion of the validity of their evaluations. 


ACKNOWLEDGMENT -— The tape-recorded speech samples and criteria data were developed by the Cleft Palate Center at the University of Pittsburgh 
under NIH Grant No. D.E. 01697. Appreciation is expressed to Dr. Betty Jane McW Jliams who gave permission for the use of the tapes and criteria 


data. 


REFERENCES 


1. House AS, Stevens KH. Analog studies of the nasalization 
of vowels. J] Speech Hear Dis 1956; 21:218-32. 


2. Dickson DR. An acoustic study of nasality. J Speech Hear 
Res 1962; 5:103-11. 


3. Warren DW. Nsal emission of air and velogharyngeal 
function. Cleft Palate J 1967; 4:148-56. 


4. Isshiki N, Honjou I, Morimoto M. Effects of velopharyn- 
geal incompetence upon speech. Cleft Palate J 1968; =:297-310. 


5. Curtis JF. The acoustics of nasalized speech. Cleft Palate J 
1970; 7:380-96. 


6. Brooks AR, Shelton RL, Youngstrom KA. Compensatory 


tongue-palate-posterior pharyngeal wall relationships in cleft 
palate. J Speech Hear Dis 1965; 30:166-73. 


7. Bzoch KR. Articulation proficiency and error patterns of 
preschool cleft palate and normal children. Cleft Palate J 1965; 
2:340-8. 


8. Spriestersback DC. The effects of oral facial anomalies on 
the speech process. Proceedings of the Conference: Com- 
munic3tive Problems in Cleft Palate 1965: 111-29. 

9. uitzow T, Darley FL. Evaluation of velopharyngeal com- 
petence after primary repair of the palate. Mayo Clin Proc 1966; 
41:52435, 


10. McWilliams BJ, Philips BJ. Velopharyngeal incompetence. 
Philadelphia: WB Saunders Co, 1979. 


MORPHOPHONE*} 





IC PROCESSES IN CHILDREN 


JOHN LYBOLT, PhD 


CmMaAHA, NEBRASKA 


Classification of preschool children as language-delayed or articulation-impaired, as though these deficit areas were independent, has 
seldom been challenged. Three groups of ten preschool children were selected to represent normally developing, articulation-impaired, 
and language-delayed subjects. Their productions of /s:. /z/ , ‘t/, and /d/ were assessed in tasks requiring application of articulatory and 
grammatical rules. Each group had difficulty applying botk articulatory and grammatical rules, normal-speaking children performing 
best and language-delayed children applying the rules least ccnsistently. Each group evidenced similar response patterns which conformed 
to developmental expectations. 


A speech-language pathologist is asked to evalu- deviance of their phonemic output depending on 
ate children with a wide range of communication the information value of the phoneme in question.‘ 
deficits. Often, the parents’ initial concern is that Whether articulation-impaired children alter their 
their child's speech is not intelligible. The reduction phonemic output in response to morphological de- 
in speech intelligibility cannot be considerec solely mands, and those children’s strategies in doing so, 
as an articulation deficit. On further testing. in ad- are questions that are presently of interest. 


dition to a presenting problem of impaired articula- 
tion, many children exhibit delays in spec:fic as- 
pects of oral expressive language ability. A growing 
body of literature suggests that children with func- 
tional articulation disorders have generalized lin- 
guistic deficits which involve speech sound, gram- 
matical, and word-meaning areas.'3 The pho- 
nological analyses of these children’s speech should 
not be carried out without reference to their sy ntac- 
tical and word-meaning systems. We do not know 
whether this apparent relationship can be mapped 
in clinical children, as it has not been fully mapped 
for normally developing children. 


One discrete production task would involve a 
comparison of the same speech sounds articulated at 
the end of words and as grammatical morphemes. 
As an example, look at one instance of phonologi- 
cally conditioned morphophonemic change, (Table 
1). The voiceless phoneme /-p/ terminates a lexical 
stem, jump. The past tense morpheme /-t/ is then 
appended to the lexical stem. The choice between 
the allomorphs /-t/ and /-d/ is phonologically condi- 
tioned so similarity in voicelessness is maintained 
across the final phoneme of the stem and the allo- 
morph. The allomorphs of the plural, possessive, 
third person present tense, and regular past tense 


Normally developing children do learn rules for include the consonant singletons /-s/, /-z/, /-t/, and 
the speech sound, grammar, and word-meaning (-d/, and are similarly phonologically conditioned. 
systems of their language conjointly. Ingram‘ The addition of one of these allomorphs to a lexical 
reviewed literature concerning acquisition ef the stem creates a more complex syllable shape. For ex- 
speech sound or phonemic repertoire, the develop- ample, cow /kav/, a consonant-vowel sequence, is 
ment of sequential rules governing combination of changed to a consonant-vowel-consonant sequence 
phonemes into more or less complex syllable shapes, when /-z/ is added for the plural; mom /mam/, a 
and rules in which phonemic markers are used to consonant-vowel-consonant, is altered to a conso- 
signal tense, number, or possession. The relative nant-vowel-consonant-consonant sequence when 
paucity of present research on the interrelationsh‘p changed to the possessive form, /mamz/. The devel- 
of this developmental sequence was noted. opmental evolution of syllabic complexity in chil- 


dren was explored by Moskowitz.’ Difficulty in 
maintaining more complex syllable shapes is a 
characteristic which has been noted for linguistical- 
ly impaired children.*° Children classed as articu- 


Articulation-delayed children may well show a 
specific impairment of grammatical markers, or of 
morphophonemic aspects of language dewelop- 
ment.” It would be of interest to compare tke 














phonemic and morphophonemic productioas of TABLE 1.SOME MORPHOPHONEMIC CHANGES FOR 
normal-speaking and clinical children across dis- a. REGULAR PAST TENSE 

crete production tasks. A phoneme at the enc of a A phoneme /p/ ending a lexical stem jump 
word signaling a grammatical morpheme would A morpheme /t/ ending a lexical stem jumped 
contribute, in most cases, more to word meaning Allomorph /t/ ending a lexical stem 

than the same phoneme or speech sound, functior.- ig 

ing to terminate the word. Articulation-impaired is phonologically conditioned to jumped it! 
children have been found to change the degree cf not jumped idi 
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TABLE 2. MORPHOPHONEMIC AND PHONEMIC USAGE BY NORMAL-SPEAKING, ARTICULATION-IMPAIRED, AND 


SYNTACTICALLY DELAYED CELL 


Percentage of Scores in 
Morphophoneméc Contexts* 











l-5 l-z l-t 

Normal-Speaking 

Correct 65.5 51.2 85.4 

Distorted 16.3 17.1 0.1 

Substituted 13.0 26.9 T 

Omitted 4.6 4.8 10.0 
Articulation-Impaired 

Correct 28.6 21.8 47.9 

Distorted 13.9 17.9 3.9 

Substituted 22.9 35.9 7.0 

Omitted 29.5 20.7 39.3 
Syntactically Delayed 

Correct 24.0 16.5 20.8 

Distorted 2.6 1.3 12 

Substituted 23.0 33.6 11.0 

Omitted 50.4 47.4 63.9 


* Attempts scored as “no response” have not been included. 


lation-delayed and children classed as syntactically 
delayed might be expected to deal differently with 
tasks requiring that a consonant-vowel syllable be 
terminated with a grammatical morpheme. 


METHODS 


Subject Definition. Three groups of ten children were given 
speech production tasks. Each child was 4'4 to 5'4 years cf age. All 
children scored within the range of normal on measures of hear- 
ing sensitivity, auditory speech sound discrimination, oral-motor 
abilities, comprehension of oral syntax and morphology, and a 
performance test of visual-motor ability. They demenstrated 
comprehension of the four morphemes which were elieited: the 
plural, the possessive, the third person verb tense, and the regular 
past tense. 


The normal-speaking group included children above the 25th 
percentile for their age on the receptive and expressive portions of 
the Northwestern Syntax Screening Test’? and the 50-item screen- 
ing subtest of the Templin-Darley Tests of Articulatien.'' The 
articulation-impaired group of children scored above the 25th 
percentile on the receptive and expressive portions of the North- 
western Syntax Screening Test but scored below the 10th percen- 
tile on the articulation test (mn = -2.27 z-score units). The group 
of syntactically delayed children scored above the 25th vercentile 
on the receptive portion of the Northwestern Syntax Screening 
Test, but scored below the 10th percentile on the expressive por- 
tion of the Northwestern Syntax Screening Test and the articula- 
tion test. In this way, three distinct groups of children were 
formed. 


Task Definition. At least 20 productions of the speech sounds 
i-s}, l-z!, -t/, and /-d/ as word final phonemes and as grammatical 
morphemes were collected in counter-balanced word repetition, 
sentence repetition, and structured conversational tasks. Balanced 
elicitations of the phonemes as singletons and as consonant 
clusters were maintained, as was frequency of occurrence of the 
elicited words and length of sentences: The target speech sounds 
were produced 20 or more times on different vocabulary items 
across three tasks. Table 2 shows that the norma.-speaking 






DREN ACROSS THE THREE ELICITATION TASKS 


Percentage of Scores in 
Phonemic Contexts” 


-d -5 (agi -t! i-d/ 
88.8 67.7 58.7 83.6 90.2 
0.1 12.9 13.9 0.6 0.2 
3.3 18.2 23.1 7.4 2.0 
7.8 0.7 2.3 7.4 6.3 
70.1 31.1 24.1 rA i 76.2 
0.6 20.1 16.2 3.0 1.4 
4,4 36.1 39.9 14.2 4,6 
23.1 12.6 16.5 lla 14.2 
28.8 29] 30.6 58.9 51.4 
0.7 9.3 3.8 2.0 0.8 
12.1 29.4 34.8 15.6 6.9 
51:0 96.8 30.4 19.6 36.3 


children, as expected, provided the most correct productions in 
each target context. The articulation-impaired children provided 
fewer, and the syntactically delayed children fewest correct pro- 
ductions. Moreover, each group provided the sound correctly 
more often when the target was not a grammatical morpheme. 
These diierences were, in all cases, more clearly obtained for the 
plosives .-t/ and /-d/ than for /-s/ and ʻ-zi. Differences across lex- 
ical funcéion were significant at the P< 0.01 level for correct and 
omitted ‘allies of /-t/ and /-d/ but not for tallies of /-s/ and /-z/. 


None cf the normal-speaking or articulation-impaired children 
omitted 100% of the 20 elicitations for any one speech sound in 
any of the various target contexts, whether or not it formed a 
grammaiical morpheme. Surprisingly, in only four of the target 
contexts were 100% of the 20 tokens omitted by a child in the syn- 
tactically delayed group. For example, one syntactically delayed 
child dić not supply a possessive /-z/ morpheme when it followed 
a vowel. another when plural /-z! followed a vowel. The word 
final speech sound was supplied in correct, distorted, or 
substituted form at least once in 356 of 360 series of 20 elicitations 
of the speech sounds. 


In further analyses, the percentage of responses scored as cor- 
rect or omitted on each grammatical task were ranked across sub- 
ject grouns in Table 3. The ranking was compared with that pro- 
posed br Brown’? as the expected order of emergence for these 
grammatical morphemes. For the grammatical morphemes re- 
quiring che /-s/ and /-z/ allomorphs, correct productions de- 
creased with each later emerging morpheme. Brown found that 
the regular past tense, signalled by the allomorphs /-t/ and i-di, 
emerged after the possessive but before the third person present 
verb tense. It was clear that each group of our children evidenced 
more coasistent productions of the stop consonant allomorphs /-t/ 
and /-d/. Omitted tokens may be examined as instances in which 
children did not mark the word terminal grammatical slot by pro- 
viding a correct, substituted, or distorted production. When the 
ranked emission tallies were examined, the expected developmen- 
tal order was closely adhered to. 


DISCUSSION 


It was expected that the speech sound error rate 


TABLE 3. RANKED PERCENTAGES CF PRODUCTIONS OF FOUR GRAMMATICAL MORPHEMES” 


Normal-Speaking 
Percentage 
Correct Omitted 


Grammatical Morphemes in 
Order of Master 





Plural 56.6 4.) 
Possessive 56.1 5.5 
Regular past tense 85.8 8.9 
Third person 56.1 = 


Articulation-Impaired Syntactically Delayed 


Percentage Percentage 
Correct Omitted Correct Omitted 
E73 18.4 20.5 42.2 
24.3 21.6 19.6 49.9 
28.4 31.2 25.9 60.6 
21.9 29.8 19.1 65.1 
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of the articulation-impaired group would be greater 
than that of the normal-speaking group. The articu- 
lation-impaired children had been selected so their 
receptive and expressive language performance would 
be comparable to that of the normal-speaking 
group of children. It was not expected that the 
articulation-impaired children would evidence the 
reduced mastery of the grammatical morphemes as- 
sessed here. The percentage of omitted speech 
sounds would indicate that they did evidence diffi- 
culty with the morphophonemic component of their 
grammar. It was, of course, clear that the syntac- 
tically delayed children had reduced mastery of 
these grammatical morphemes. Children in each 
group were treating these phonologically condi- 
tioned allomorphs with more or less success. Even 
the most speech-impaired and language-impaired 
children, however, changed their production of 
speech sounds to accommodate phonologically con- 
ditioned grammatical morpheme markers. 


The normal-speaking children would often in- 
flect by substituting in their attempt to produce a 
grammatical morpheme. They would produce the 
word final speech sound correctly. The grammati- 
cal morpheme would be provided, but as a subs-itu- 
tion for the correct phoneme. The articulation- 
impaired children very consistently evidenced this 
type of contrast in producing grammatical mor- 
phemes versus word final phonemes. This could be 
evidence of their difficulty in applying adult form 
sequential morphophonemic rules which have been 
derived from an incompletely formed set of phono- 
logical rules. The articulation-impaired children 
should have been expected, if they supplied a cor- 
rect or distorted phoneme, to do so similarly for the 
grammatical morpheme. Instead, they substituted 
or omitted more often in morphological contexts. 


Additional difficulty was noted in maintenance 
of C, VC, syllabic shapes. Panagos’ and Ingram‘ in- 


terpreted reduced syllable complexity, or an open 
syllable pattern, as a kind of general language 
delay. The articulation-impaired children and cer- 
tainly the syntactically delayed children evidenced 
this pattern. The syntactically delayed children had 
difficulty with the articulatory programming of the 
grammatical morphemes and with the maintenance 
of phonemes in more complex syllabic patterns. It 
was evident in the ranking of correct and omitted 
productions for plural, possessive, past, and present 
tense forms that the syntactically delayed children 
observed appropriate sequential morphological and 
phonological forms inconsistently. 


Preschool children should be viewed as imperfect 
masters of their system for marking tense, number, 
possession and other grammatical categories; it was 
an unexpected finding that the articulation-im- 
paired children showed as much difficulty with 
morphological forms as they did. It was unexpected 
that the contrast between productions for word 
final environments and grammatical morpheme en- 
vironments was as great as it was. The gradual 
developmental pattern demonstrated for normal 
children in acquisition of speech sound and oral ex- 
pressive language systems demonstrated by Mosko- 
witz,” Brown,’? Oller et al,'* and others, apparently 
extends to linguistically delayed children, and to 
their acquisition of morphophonemic systems. 


SUMMARY 


It becomes obvious that the context in which an 
utterance is programmed becomes important in as- 
sessing the degree of alteration of the expected adult 
form. It is probable that children’s perception of the 
communication context, the semantic or informa- 
tional load of the phoneme, the perceived intelligi- 
bility of their utterance, and the reaction of the 
listener both verbal and nonverbal, affect children’s 
phonological and morphophonemic output. 
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RESEARCH PRIORITIES IN SPEECH 


ROLLAND J. VAN HATTUM, PhD 
BUFFALO, NEW YORK 


The need for increased research activity in speech and its disorders is revizwed. Increasing interest in language and its disorders ap- 
pears to have lessened research activity in areas commonly identified as speech disorders: articulation, voice and rhythm. Yet these areas, as 
well as all aspects of the total communication function, are little understood anc some current understandings are even likely to be inaccur- 
ate. Thus, not only is additional new research needed but reinvestigation of ctzrent beliefs is also essential. Goals for communication re- 
search can be classified under five areas: better understanding of the speech mechanism, the communication processes, the individual as a 
communicator, disorders of speech, and prevention and remediation. Speeifie research needs are discussed in each of these five broad 


categories. 


The recent explosion of interest in language and 
its disorders has seemed to lessen interest in.the con- 
tinuing problems of individuals with communica- 
tion deficits labelled “speech.” While philosophical 
discussion continues regarding the relationship be- 
tween these basic aspects of communiation,* it is not 
difficult to recognize the need for continued and in 
fact increased study of disorders of articulation, 
voice, and rhythm. Evidence for this neec:can be 
found by comparing a 1979 NINCDS document? 
with one published in 1969. Over ten years 
research needs do not seem to have ehanged 
markedly, suggesting that our progress in under- 
standing speech processes and disorders through 
deliberate inquiry has not been adequate. 


Further, we are becoming increasingly aware of 
the critical nature of communication to each indi- 
vidual. In fact, after breathing, communication is 
the next most important human activity. Each indi- 
vidual attempts to communicate with every avail- 
able resource, to an extent that we are only now 
beginning to fully appreciate. It has been relatively 
recently that we have begun to attend to the 
nonverbal, behavioral aspects of communication 
and we still have not satisfactorily integrated the 
study of the many communication processes which 
in their totality include even such aspects as the 
odors we emit and the psychic messages we attempt 
to transmit, apparently sometimes successfully. 


In its broadest sense, the word “language” 
represents the sum of our communication system. 
The oral-verbal portion, speaking and hearing, is 
the most understood. Yet, by comparison with our 
knowledge of purely physical phenomena, we are 
functioning at the very beginning. As Denes and 
Pinson’ point out, our present understanding is at 
best incomplete and at worst incorrect. They add 
that some of what we now believe to be true will 
someday be as outdated as Helmholtz’s resonance 
theory of hearing is today. They note, “This is as it 


shoule be, for science is a vital, dynamic activity, 
not a static body of established truths.” Contrast 
our advances in the area of communication with 
that. im other areas as described by the National 
Research Council in 1976.5 Their report states, 
“Three decades since World War II have been a 
time when monumental leaps of understanding 
were 2chieved in all scientific disciplines. Profound 
insights, hard won by disciplined minds, il- 
luminated the nature of the cosmos and revealed 
the forces that shape the earth’s surface, the 
molecular nature of cellular life, and the wondrous 
subtleties and complexities of life in higher plants 
and animals. Lively imagination and rigorous treat- 
ment of evidence have permitted reconstruction, at 
least :n outline, of the historical evolution of the 
universe, of planet Earth, and of life.” How ironic 
that they later state, “The most important economic 
resource — perhaps the only indispensable resource 
— is "human capital’... the nation that gets the 
most out of its people, ie, the nation in which 
huma1 development flourishes, will be the richest 
natior. in the twenty-first century, regardless of 
mineral resources or climate.” If only financial 
commitment to speech research mirrored those ac- 
curate thoughts and stirring words! 


It would be impossible to explore adequately the 
prioricies in research in the confines of available 
time and to also develop the hypothesis that much 
that we hold as basic truth in speech needs reinves- 
tigation. Thus, no pretense can be made to establish 
research priorities here but only to highlight some 
matters of special interest to me and hopefully 
reflec- concerns of fellow professionals. In so doing, 
as a c.inician, it should be noted that my interests 
lie in what von Bekesy referred to as “strategic 
problems.” I would like to consider this matter by 
exploring five goals aimed at developing better un- 
derstanding of 1) the speech mechanism; 2) the 
comnrinication processes; 3) the individual as a 
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communicator; 4) disorders of speech; and 5) pre- 
vention and remdiation. 


l. Better Understanding of the Speech Mechan- 
ism. Information regarding pathological conditions 
and resultant e-fects can only be interpreted by 
comparison to data concerning the normal system. 
Improvements n instrumentation and research 
methodology have advanced our knowledge but we 
still need much more definite information regard- 
ing anatomy. The need exists to develop our 
relatively general perceptions of the relationship 
between vibratery activity in the larynx and the 
acoustic output of the glottal vibration, particularly 
for such variakles as glottal air flow, effective 
thickness of the vibrating folds, effective vibrating 
lengths of the folds, and shaping of the laryngeal 
tube in rekation to components of laryngeal resis- 
tance. We need better understanding of the larynx 
as an aerodynamic system and of biochemical as- 
pects such as the cytochemical features of laryngeal 
epithelium and the neurochemical aspects of the 
superior or recurrent laryngeal nerves.® Even less is 
known about the tongue, in spite of the fact that it 
is considered the principal articulator. Information 
regarding the dimensions of movement for the 
tongue and how they are executed by the muscles 
remains meager at best. 


In respiration, needed expansion includes the 
area of respiratory muscle activity during speech, 
particularly in regard to which muscles function 
most importantly and under what conditions. Also, 
data are needed pertaining to the timing of muscle 
activity in relation to variables of the speech ut- 
terance and respiratory characteristics such as lung 
volume. Fer clinical use, we need research which 
seeks to relate pathological states of the respiratory 
mechanism to disorders of speech. 


In all anatomical areas better understanding is 
needed of the growth of the facial structures which 
form the oral, pharyngeal and nasal passages and 
the laryngeal structures in embryological stages 
through childheod and adolescence, and the rela- 
tionship of such growth to significantly associated 
variables sach a: general bodily growth and possible 
endocrine factors. 


Many problems remain unsolved regarding de- 
tails of the development, function, control, and 
structure of the mechanism used for speech produc- 
tion and the relationship with the identified dis- 
orders.? 


2. Better Understanding of the Communication 
Processes. Much of the information currently 
available regarding communication has been ob- 
tained from research using relatively static states. 
Comprehensive study is needed to explore con- 
tinuous speech which relates the acoustic signal to 
what is happening in all parts of the speech 
mechanism. 


To understand speech production “as a skilled 
motor performance which can be learned, prac- 
ticed, and perfected and which can be disrupted 
and interfered with as a result of structural changes 
due to disease or injury, a much better understand- 
ing of the habit system which constitutes our 
learned motor skills is needed.” We need to deter- 
mine the smallest movement pattern constituting a 
unitary speech gesture and whether speech gestures 
maintain a discrete or independent unity in the 
rapid flow of continuous speech, or become reor- 
ganized into larger automatisms or synergisms® 
which in themselves constitute learned habit pat- 
terns. Also, we need to know the relationships 
among such habit patterns, and, when these pat- 
terns are deficient or defective, how they can be 
modified most effectively.’ 


The use of computers and improved vocal tract 
models has been helpful and continued improve- 
ment in these areas is certain. However, even if a 
model were created which completely and accur- 
ately duplicated the human speech mechanism it 
would be lacking in factors such as intellect and mo- 
tivation that play important roles in comunication 
processes. 


3. Better Understanding of the Individual as a 
Communicator. Many statements have been made 
regarding the importance of communication. No 
one is more convinced of the vital nature of this pro- 
cess than I am. Yet we have little hard data. Data 
from the 1950 White House Conference’ is still fre- 
quently presented, attesting to the paucity of more 
recent scientific information. What are the many 
and varied specific effects of communication 
disorders on individuals? 


This has particular significance for young 
children. We have followed a cyclic path in terms of 
early intervention and “waiting for maturation.” 
No one has been more cyclical than I have.** At one 
time I believed that therapeutic intervention should 
be delayed until maturation had run its course. 
However, after viewing the impact of communica- 
tion differences on young children I have come to 
the conclusion that delay, even though speech may 
eventually be within normal limits without ther- 
apy, can cause social, psychological and educa- 
tional problems. Again, data are needed to support 
this contention as well as to document when such 
differences actually become damaging to children. I 
suspect it is some time around the fourth birthday. 
If so, we must make every effort to speed the matur- 
ation of those maturing more slowing in communi- 
cation through prevention and/or early interven- 
tion. The nature of this intervention needs explora- 
tion as well. 


4. Better Understanding of Disorders of Speech. 
The extent to which we have been unable to define 
speech disorders scientifically, even by 1978, is sur- 
prising. How many dysfluencies a minute constitute 


RESEAFCH PRIORITIES IN SPEECH 163 


stuttering? How frequently must a sound be pro- 
duced incorrectly before it can be considered an ar- 
ticulation error? How different must voice be to be 
considered defective? We have relied on an intui- 
tive model too long. We must develop objective de- 
scriptions of defectiveness which are consistent and 
measurable. 


We must also establish the relative roles of brain 
injury, other physical injury, genetic factors and 
faulty learning in the various disorders. That is, 
global consideration of speech symptomatologies 
has been largely inadequate. 


Specific speech disorders require individual 
study. In misarticulations, what is the relationship 
between differences in the speech mechanism and 
the phonemic errors? Why are some individuals 
with deviant structures still able to produce normal 
to near normal articulation? We need to icentify 
subgroups of misarticulation types. For example, 
are there misarticulation subgroups which are pri- 
marily peceptual and others which are primarily 
motor? More precise descriptions of dysarthria and 
apraxia, with emphasis on normal reference data 
and identification of possible subtypes, are in- 
dicated. In stuttering, after years of relatively 
unrewarding research regarding psychological and 
sociological characteristics, there appears to be as 
much disagreement as ever as to the cause and ap- 
propriate therapeutic handling. Considerable work 
is needed in identifying possible subgroups within 
the stuttering population. 

In voice, we must quantify and identify the vocal 
parameters affected by vocal abuse and structural 
deviation and investigate the relationships between 
surgical techniques and success in habilitation of 
such speech disorders as those associated with cleft 
palate and laryngectomy, as well as improving 
prosthetic devices. 


In addition to the more common types of speech 
disorders, our studies must be expanded in less fre- 
quently occurring problems which result from such 
things as ablative surgery and various low preva- 
lence syndromes and similar conditions. Much more 
research is needed on specific populations sach as 
the mentally retarded, behaviorally disordered, 
and learning-disabled. 


5. Better Understanding of Prevention and Reme- 
diation. For some reasons, the Sabans and Salks in 
this discipline are difficult to find. There is still lit- 


tle emphasis on prevention. There appears to be 
much greater valence provided “curing” even 
though prevention will ultimately prove to be more 
productive. This cannot be delayed prevention such 
as speech improvement in schools. Some day chil- 
dren will undergo periodic checks for communica- 
tion development as they now do for physical 
development.’ Predictive formulations which can 
lead to early detection and prevention need consid- 
erable study as do efficient delivery systems. 


Greater study of the therapeutic process is needed. 
In all areas, clinicians with vastly differing philoso- 
phies and seemingly significant disparities in meth- 
odology demonstrate success. There must be aspects 
of commonalities that we have not discovered. This 
could prove to be very fruitful investigation. 


In a 1959 special report on Research Needs in 
Speech Pathology and Audiology,'° it was pointed 
out that much research has been performed in the 
area of speech and hearing but that a limited num- 
ber of contributions have come from the profession. 
It is further noted that speech and hearing have not 
been reduced to disciplines which are rigorous in 
nature. It is unfortunate that twenty years later 
almost identical statements could be made. This is 
not to fault those professionals who have been at- 
tempting to establish a scientific discipline with lit- 
tle outside assistance or cooperation — sometimes, 
in fact, in the face of opposition. Funding, par- 
ticularly from the Federal government, has been 
ridiculously low and grossly inadequate when the 
importance of the problem is viewed. The irony of 
the previously reported National Research Council 
statement’ is evident. 


There is need for vastly expanded research facil- 
ities with proper funding and with interdisciplinary 
involvement. There are almost no existing “truths.” 
In many ways, we must begin again, reinvestigat- 
ing what has been accepted as basic tenets and in- 
tensifying our efforts to enlarge our body of 
knowledge and the clinical application of scientific 
facts. The researcher, the clinician and, the 
educator must work hand in hand in developing 
strategies for improving our scientific base and 
function. Communication disorders specialists, as a 
group, must move farther away from being techni- 
cians and closer to being scientists. Only then ean 
we serve the communicatively handicapped in a 
manner and to the extent that our commitment de- 
mands. 


ACKNOWLEDGMENTS — Appreciation is due Dr. Kenneth Perrin, American Speech and Hearing Association, Dr, Christy Ludlow, National In- 
stitute of Neurological and Communicative Disorders and Stroke, and Dr. Katherine Harris, City University of New York, for their assistance. 


REFERENCES 


l. Kavanagh JF, Cutting JE, eds. The role of speech in 
language. Cambridge: The MIT Press, 1975. 


2. National Institute of Neurological and Communicative 
Disorders and Stroke. Report of the panel on communicative 
disorders. Bethesda, Md: National Institute of Neurological and 
Communication Disorders and Stroke, 1979. 


3. National Institute of Neurological Diseases and Stroke. 
Human communication and its disorders: an overview. Bethesda, 
Md: National Institute of Neurological Diseases and Stroke, 1969 
(NINDS Monograph No. 10) 


4, Denes PB, Pinson EN. The speech chain. Garden City, 
NY: Anchor Books, 1973. 


164 ROLLAND J 


5. National Acacemy of Sciences. The National Research 
Council in 1976: cerrent issues and studies. Washington, DC: Na- 
tional of Academy: of Sciences, 1976: 3. 


6. Jenkins JJ, “haw RE. In: Kavanagh JF, Cutting JE, eds. 
The role of speech in language. Cambridge: The MIT Press, 1975. 
7. American Speech and Hearing Association, Committee on 


the Midcentury White House Conference. Speech disorders and 
speech correction. J Speech Hear Disord 1952; 17:129-37. 


. VAN HATTUM 


8. Van Hattum RJ. Evaluating elementary school speech 
therapy. Except Child 1959; 25:326-31. 


9. Van Hattum RJ. Services of speech clinicians in schools: 
progress and prospects. ASHA 1976; 18:59-63. 


10. American Speech and Hearing Association. Research needs 
in speech pathology and audiology. Washington, DC: American 
Speech and Hearing Association, 1959. 


LANGUAGE DEFICIENCY IN CHILDREN 


DONALD M. MOREHEAD, PhD 


KERSTIN E. MOREHEAD 


WILLIAM A. MOREHEAD 


SaN FRANCISCO, CALIFORNIA 


Research in cognition and language has provided useful constructs which suggest that specific deficits underlie language deficiencies in 
children. In addition, this research has provided procedures that determine what a child knows about language at a particular level of de- 
velopment and has established a sequence of linguistic development that maps the specific content and structure of training programs. Two 
new areas ef research offer additional approaches to assessment and remediation. One approacch focuses on the actual principles and stra- 
tegies that normal children use to learn language, making it possible to determine which methods are most efficient. The second research 
approach looks at the contextual conditions adults and children provide the first language learner. Preliminary work suggests that the 
natural conditions found universally in first language earning may be the best indicators of how to proceed with language-deficient 


children. 


Recent theories in linguistics and psychology 
have followed the tradition of Freud, using the 
study of the child to describe and explain the origin 
and development of behavior. Both Chomsky! and 
Piaget? have made the child central in their theories 
of general linguistics and epistemology. The effect 
of this emphasis has been to stimulate more research 
in language and cognitive development than in 
other areas of behavior.’ Children with language 
disorders are now able to benefit from these-efforts, 
because we now have a great deal of information 
about language acquisition and because mary high- 
ly trained linguists and psycholinguists are now 
working in this area.*”° 

Even though there is considerable variation in the 
rate that normal children learn language, it is gen- 
erally expected that by a child’s third birthday, he 
will have the beginnings of a productive system of 
communication. There is no hard evidence for the 
degree of acceptable variation beyond what zenera- 
tions of children have led us to expect. Precicity in 
linguistic development generally correlates with 
high levels of intelligence, but there are striking ex- 
ceptions. For example, Einstein reportedly did not 
speak until he was three. There are also less notable 
exceptions of children who possess nornxal and 
sometimes superior operative intelligence but who 
are considerably delayed in the beginnings of lan- 
guage as well as in the time they require t learn 
language. This group of children is best described 
by the clinical syndrome of childhood dysphasia.'°:! 
Because many children with language d:sorders 
represent unique cases, dysphasic children, who are 
generally free of multiple deficits, are frequently 
used as the experimental group in comparative re- 
search. The study of these children has also helped 
to clarify theoretical and clinical issues ia other 
populations of language-deficient children.’ 


One of the controversies that has surrounded this 
particular group has been the issue of simple delay 
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versus unconventional difference. The early work of 
Menyuk** and Lee’ suggested that dysphasic chil- 
dren develop some linguistic rules that are noncon- 
ventional and seldom found in the productions of 
normal ehildren. Their findings have often been 
misinterpreted to mean that the linguistic systems 
developed by these children are “bizarre,” an un- 
fortunate word choice because it implies that their 
language is exotic rather than merely a variation of 
normal child language. 


When we began our research at Stanford in the 
late 1960s we decided to replicate the earlier com- 
parative research, using different methods and con- 
trols because there was reason to suspect that some 
of the differences found by Menyuk'? and Lee" 
could be accounted for by the way they had matched 
their subjects. Much of cognitive and linguistic de- 
velopment evolves according to similar general 
rules or organizational principles, with subsets of 
rules defining sequential levels of complexity in 
highly diverse groups of children. If two groups of 
children are matched on standard criteria such as 
chronological age and the experimental group is de- 
layed in their linguistic development, then it is 
reasonable to predict that their linguistic systems 
will show different levels of complexity. Since we 
had no standardized language test such as the Leiter 
Performance Scale, which had been used successful- 
ly in matching deaf and normal subjects according 
to mental age, we used mean length of utterance 
(MLU)..A number of researchers had previously 
shown MLU to be a reliable indicator of linguistic 
level since everything a child does in organizing an 
early linguistic system increases length of utter- 
ance.'* After selecting and matching 15 normal 


with 15 dysphasic children, we wrote grammars 


which describe the format that children use in or- 
ganizing aspects of the adult language. The results 
showed the dysphasic and normal children to have 
highly similar linguistic systems at each of five lev- 
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els of early development and further that both groups 
followed the same developmental sequence. 
Similarities like those we found for syntax, morph- 
ology, anc transformational development have also 
been demonstrated in phonology,'*'’ morphology,”° 
semantics*’:?? ard pragmatics.”* 


Since dysphasic children are clearly inefficient in 
constructing limguistic rule systems, it is not unrea- 
sonable to suspect that they would more often than 
normal children derive an inadequate or false 
hypothesis about the ways in which the adult lan- 
guage is structured. What needs to be demonstrated 
to support the claim of qualitative difference is that 
the variation in their rule formation and use exceeds 
the variation feund in normal children. To deter- 
mine variation differences, Bloom et alt have sug- 
gested that variable rules developed by Labov?‘ to 
study regional dialect and Black English be used. 
Very little deviation in the surface constraints of 
language can make an utterance ill-formed or unin- 
telligible, as demonstrated by a simple transposing 
rule used in pig Latin or word order changes in sec- 
ond language learning. 


In the past, lenguage clinicians have generally re- 
lied on their own clinical experience and intuition, 
buttressed by a battery of standardized tests and 
relevant medical data. However, much of this in- 
formation, though important in the overall man- 
agement of the child, does not give specific direc- 
tion in assessing linguistic level or in providing lin- 
guistic data for training. In fact, even those tests 
that were developed to assess specific abilities, such 
as the Illinois Test of Psycholinguistic Abilities, 
have not deen demonstrated to be very effective 
guides to trainiag.*® 


Since the developmental sequence is similar in 
dysphasic and normal children, a number of re- 
searchers have used the extensive data on normal 
children tc develop new assessment techniques and 
training programs. These programs can now estab- 
lish from the amalysis of a free speech sample the 
level of linguistic functioning and determine the set 
of utterances to be used first in training. Moreover, 
the same analytic techniques for determining level 
and training materials can be used to evaluate both 
the child’s progress and the training program it- 
self.” Most of the programs focus on syntax and 
morphology”*** or semantics.*' A recent detailed ef- 
fort by Bloom and Lahey’ coordinates not only the 
structure and centent of an utterance, but also its 
use in developing assessment and training proce- 
dures. 


Most dysphasic children show not only a lag in 
acquisition time but also significant delays in the 
actual onset of understanding and speaking lan- 
guage.'® With the current emphasis on early detec- 
tion and increased attempts to train very low level 
children, there is now a large population for whom 
knowledge of linguistic structures and their devel- 
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opmental sequence has no immediate clinical use. 
Fortunately, since Piaget’s work??? on cognitive 
development, there has been a substantial amount 
of research on the cognitive and social factors 
leading to symbolism and language. As a result, we 
now have a useful account of potential precursor 
behaviors that precede the onset of two-word utter- 
ances. Since early linguistic behavior evolves within 
the context of sensorimotor development, once the 
substage of sensorimotor development has been es- 
tablished, it is possible to determine the approx- 
imate level of early linguistic functioning, using the 
behavioral and linguistic studies of this period.**"* 


Several tests are available for determining sen- 
sorimotor substages by scaling a number of develop- 
ments that occur within the first two years, such as 
imitations, means-end relations, and object per- 
manence.** Included in these developments are ear- 
ly forms of representation which presumedly lead to 
the expression of early propositions that allow the 
child to designate or semantically mark what he 
knows in single word forms and early syntax. 
Several researchers have used aspects of these 
developments in training studies as they appear to 
have considerable utility in inducing the child to 
label objects.*5-*” 


From the study of the origins and development of 
cognition, Piaget*’ postulated that language is only 
one part of a larger system of representation. This 
larger system also includes deferred imitation, im- 
agery, symbolic play, dreams, and art. Inhelder* 
was the first to test the hypothesis that children 
with delayed language also have a delay in other 
representational behaviors. Though Inhelder* re- 
ported the data from only one child, her results in- 
dicated that there may be a general representa- 
tional deficit in dysphasic children. Similar results 
were also reported by deAjuriaguerra and his asso- 
ciates™ on a larger population of 17 dysphasic chil- 
dren, along with a detailed case study of one child. 
Recent research has continued to support the results 
of Inhelder and deAjuriaguerra et al in the areas of 
imagery,*? symbolic play, and early representa- 
tions related to language use.’ (See Morehead and 
Morehead,‘ Morehead,” and Leonard*? for 
reviews.) 


If representational behaviors turn out to be in- 
terdependent and the representational deficit hy- 
pothesis is correct, then it is likely that language 
and other representational behaviors have a com- 
mon or shared base that needs to evolve before any 
of them can appear. There is preliminary evidence 
that certain sensorimotor behaviors such as means- 
end relations, imitation, and prelinguistic com- 
munications may be important for the onset of ges- 
tures and language in normal children. Related to 
these observations is Snyders report?? that sixth 
stage means-end relations are the only sensorimotor 
development measured by the Uzgiris and Hunt** 
scales that differentiate young normal and lan- 
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guage-delayed children. It is entirely possible that a 
genera. representational deficit is simply a higher 
level manifestation of an earlier occurring impair- 
ment in certain but essential precursors to-symbolic 
behaviors. In fact, temporal auditory processing 
deficits may be another, lower level exampie, which 
reflects the inability to reconstruct one level of pro- 
cessing at a different level.5*55 


It appears that at least a basic symbolic system, 
with or without intelligible speech, is crucial to the 
formation of propositional or adult thinking. For 
example, deaf children who have adequate symbol- 
ism though deficient language do not appear to 
have the same degree of difficulty in formal opera- 
tion tasks as children with general symbolic deficits 
and low level language such as dysphasics.***’ The 
cost of not being able to develop an adequate sym- 
bolic svstem may well be adult thinking. If this is 
the case, then early detection, long-term treatment, 
and occupation planning are essential in the man- 
agement of these children.''** 


As we have seen, cognitive and linguistic research 
has provided valuable information on poss:ble defi- 
cits underlying language in dysphasic children, pro- 
cedures to determine what the child knows at a par- 
ticular level of development, and a sequence of lin- 
guistic behaviors that reflect the directions which 
training must take. What this‘or any other research 
has not provided is much information abort the ac- 
tual conditions necessary for learning a first 
language. This is the information we now need to 
direct intervention with any degree of confidence. 


Two areas of research seem to have the most 
promise for understanding language learning. The 
first is derived from the way children approach lan- 
guage, based on the sequence and organization of 
the systems they develop. A number of researchers 
have feund that children use different approaches 
or strategies to arrive at the same point in an evolv- 
ing grammar.'**'°? In surveying the literature on 
children learning a number of different languages, 
Slobin® postulated a series of universal operating 
principles and their corresponding strategies. For 
example, children pay close attention to werd order 
and avoid interruption or rearrangement of lin- 
guistic units regardless of language being learned. 
In addition, he also described very general princi- 
ples for learning any complex system, such as the 
principle that children seldom work on form and 
function at the same time. Rather, they use new 
forms to express what they already know or, if the 
information is new, it is first expressed in a known 
form. 


Knowledge of operating principles and strategies 
has clearly indicated that the child is an active 
rather than a passive participant in language learn- 
ing anc that he probably uses something akin to hy- 
pothesis-testing or a best guess method to determine 
the organization or reorganization of his system 


based on additional linguistic interaction.*! The 
study of strategies will be useful in understanding 
the degree of efficiency and the particular methods 
used by delayed children in learning language. In 
addition, it can also provide a clear focus for train- 
ing efforts; for example, programs should not in- 
troduce a new structure without its content being 
already known. In spite of these recent efforts, we 
still know very little about the way normal children 
learn language and almost nothing about the ap- 
proach used by language-deficient children, except 
to say that it is obviously inefficient (see Mac- 
Namara“? for a review of language learning 
research). 


A more promising area of research for language 
training has looked not at how children approach 
language learning but rather at the contextual con- 
ditions adults provide as a setting for that task.°-* 
The importance of social interaction for language 
learning is clearly demonstrated in a study of a child 
with normal hearing raised by deaf parents; this 
child’s primary linguistic input consisted of televi- 
sion, a few hearing friends, and young children at a 
nursery school. The child’s language was severely 
delayed even though he had passively heard consid- 
erable language. With broad interactional expo- 
sure, the child’s language soon progressed rapidly. 


Reciprocal interactions begin very early, even 
before the infant uses single words. Rhythmical 
motor patterns, dyadic vocal exchanges, and mut- 
ual gaze are behaviors that are operative by three 
months of age.®*** As children begin to use more 
conventional forms of exchange, adults continue to 
accommodate their speech and language produc- 
tions according to the general linguistic level of the 
child. For example, Snow”? has reported that the 
semantic terms which so aptly characterize early 
syntax, such as negation and recurrence, can also be 
used to describe the language spoken to children at 
this level. 


Adults accommodate more than just the content 
of their language when talking to children. Recent 
research has shown that adults speak at a slower 
rate”! with changes in both pitch and intonational 
contours.” Adult forms are simpler and easier to 
say, shorter and highly repetitive.’* Moreover, 
adults cue the child on turn-taking and seldom in- 
terrupt,”™ talk mostly about what the child already 
knows’ and generally about objects and events in 
the immediate context.**’’ Adults are not only sen- 
sitive to the linguistic level of the child but they also 
seldom correct the errors children make except for 
pronunciation and “naughty” words.’ They seem 
primarily concerned with the truth value and 
whether or not the child has successfully commun- 
icated his intention.”* It is apparent from this re- 
search that adults not only adjust specific behaviors 
to the linguistic needs of the child but also that their 
general social interactions provide an optimal set- 


+ 


168 MOREHEAD ET AL 


younger childrem.” (See Snow and Ferguson” for a 
review.) 


There is some-evidence that parents of language- 
delayed childrea have difficulty interacting with 
these children, showing less accommodation to 
their general developmental status, including lin- 
guistic development. Significantly, this lack of ac- 
commodation is not found in parents of children 
with other kinds of handicaps such as mental retar- 
dation.® These “indings indicate that the inability 
to communicatean the absence of an intellectual de- 
ficit may severe y affect the dynamics of social in- 
teraction. Of ceurse this conclusion assumes that 
the child’s liabilty causes the disruption rather than 
the reverse. It s undoubtedly the case that both 


combinations can be found.®’ 


This new line of research, which focuses on the 
contextual functions of language, is already having 
a significant impact on the methods studied in 
training research. Training studies are now attend- 
ing to the importance of contextual information,” 
modeling as defined in social learning theory rather 
than imitation® and the kind of discourse used in a 
clinical setting.** More significantly, the view that 
children learn language by using it in a variety of 
contexts and that the people around them are the 
primary facilitators of language calls into serious 
question the utility of many traditional training 
methods.” It appears that the natural conditions in 
which normal children learn language are going to 
be the best indicators of how to proceed in language 
training. 
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ASPECTS OF MOTHER-CHILD INTERACTION AS RELATED TO THE 
REMEDIATION PROCESS 


SANDY FRIEL-PATTI, PhD 


DALLAS, TEXAS 


Selected aspects of mother-child interaction are discussed with initial consideration given to the evidence regarding the emergence of 
conversational exchanges between normally developing larguage-learning children and their mothers. The results of a preliminary investi- 
gation in the area of mother-child interaction involving theclinical population of language-disordered children are presented. The research 


results are discussed in terms of the remediation process. 


INTRODUCTION 


The recent theoretical focus on semantic inten- 
tion and the pragmatics of an utterance have broad- 
ened the perspective of child language research to 
include the whole of communicative competence. 
All facets of the speech act are now of interest, 
although the focus remains on children’s acquisition 
of linguistic skills in conversational exchanges.‘ The 
concerns of the special subset of investigators inter- 
ested in the atypical population of language-disor- 
dered children have mirrored the current emphases 
of child language researchers so that the recent 
thrust of the investigation of language-disordered 
children has included a consideration of breader 
communicative behaviors. Consequently, in an at- 
tempt to discuss selected aspects of mother-child in- 
teraction and the remediation process, initial con- 
siderations must be given to the evidence regarding 
the emergence of conversational exchanges between 
normal language-learning children and their 
mothers. 


EMERGENCE OF CONVERSATIONAL EXCHANGES 


Early interaction patterns between mothers and 
their infants have been the focus of researchers at- 
tempting to delineate the behavioral components 
and specific interactant strategies for the partici- 
pants. Two very early bidirectional strategies are 
smiling and eye gazing between a mother and her 
baby. These two behaviors are vital determiners of 
socialization and attachment with the caregiver.’ 


The early periods of mutual gazing and smiling 
have been described as rudimentary forms of com- 
munication in that each partner is acknowledging 
the presence of the other and establishing a semse of 
interactant exchange.** Mutual gaze and smiling 
behaviors are thus significant factors in the estab- 
lishment of early mother-infant bonding pat- 
terns.°°’ It is therefore not accidental that the 
emergence of eye gaze coupled with smiling coin- 


mume seem mmo creer 


cides with the time that mothers most often report 
that their babies have become “real persons.’* In- 
teractive smiling emerges approximately one and 
one-half to two weeks before a marked increase in 
the infant’s production of comfort sounds. Smiling 
and vocalization are then produced together in so- 
cial, interactive context.’ Thus, in addition to being 
a crucial aspect of mother-child bonding, the syn- 
chronous interaction of gazing, smiling and vocali- 
zation in face-to-face interaction also appears to be 
critical in establishing the foundations for commun- 
icative exchanges. The mutual regulation of 
behavior between mothers and their babies is im- 
pressive. Mothers consistently are said to approach 
their newborns with the expectation that the infant 
will participate in the interaction. Similarly, 
mothers tend to respond to the infant’s actions as if 
they are intentional and highly meaningful.'°'? An 
interesting feature of these exchanges is that they 
appear to be already based in a mutual awareness of 
the rhythmic ebb and flow of gaze and gaze aver- 
sion, proximal and distal physical cues, vocal turn- 
taking and smiling. 


The adult model of communicative exchange 
proposed by Kendon” posits that the occurrence of 
gaze aversion acts as a regulator to avoid overstimu- 
lation and/or emotional overload on the interac- 
tion. It would seem that the rudimentary begin- 
nings of such regulation is apparent in these early 
mother-child dyadic exchanges.'* Indeed, the in- 
fant and mother are a constant cycle of behavior 
alternating between attention and withdrawal of 
attention. Brazelton and his colleagues report'® that 
the strength of the dyadic exchange dominates the 
individual meaning of the participants’ behaviors 
and that no behavior can really be considered sep- 
arately from the cluster displayed. Initially, the 
needs of the baby take precedence and serve to 
shape the mother’s response. However, the mother’s 
assessment of the baby’s needs and her sensitivity to 
the dynamic pacing of the interaction appear to be 
vital for the development of a successful communi- 


From the Department of Audiology and Speech Sciences, Purdue University, West Lafayette, Indiana. 
REPRINTS ~— Sandy Friel-Patti, PhD, UTD/Callier Center, F966 Inwood Road, Dallas, TX 75235. 


171 


172 SANDY FRIEL-PATTI 





cative stvle. Mothers typically have been described 
as quite flexib-e in their ability to employ a variety 
of strategies wh:ch serve to focus and maintain the 
infant’s interest. Mothers also learn to establish a 
pace of stimu ation which includes sufficient time 
for the child © respond.'®'*'’ Lewis and Freedle'® 
conclude that such mother-infant interaction “. . . 
reflects what we believe to be a rather finely tuned 
and potentially meaning-laden system wherein each 
allows the other to act.” 





This quality of maternal sensitivity for pacing the 
interaction so as to avoid overstimulation and pro- 
vide time for the infant’s response has thus far 
eluded quant.tative measurement or even careful 
definition of the behavioral components. There 
have been just a few studies in which reports are 
made of mothers who have not established such a 
pattern and the interactive pace is clearly dis- 
rupted.'*:!? In these instances, the mother is typical- 
ly described as “controlling” the interaction or 
“overstimulat.nz” the infant. Furthermore, there 
appears to be mutual dissatisfaction in which both 
the mother and child attempt to control one an- 
other.” 


Within the framework of mothers who are suc- 
cessful in establishing and maintaining a mutually 
satisfactory dynamic pace, the mode of vocalization 
has been examined. Between mothers and their 
three- to four-month-old infants, two modes of 
vocalization have been observed: the alternating 
mode includes instances of vocal turn-taking 
whereas durirg the coactional mode of vocalization 
both mother end infant perform the same or similar 
behavior simultaneously. Bateson’ has observed a 
behavioral pattern which results in the alternating 
mode of vocalization between a mother and her 
child. Thus, a dialogue exchange is sustained for the 
two participants. The alternation mode of vocaliza- 
tion seems to be the medium for interactive dia- 
logue in addition to those periods of play when the 
mother assumes an instructional or teaching role. 
On the other hand, when the play seems to be 
highly charged, the coaction system is more likely to 
dominate.”° 


It is temptiag to assume that the mother is in fact 
“teaching” the baby nuances of eye gaze patterns 
for a successful dialogue. However, the evidence is 
quite contrary to such a simplistic interpretation. 
Mothers in faet violate the “rules” of adult interac- 
tion for gazirg when they interact with their in- 
fants. They maintain a very intimate distance and 
engage in prolonged periods of gazing at their baby, 
possibly to moritor the child’s arousal level.'¢!7° 
This rule violation also holds for mothers’ patterns 
of vocalized exchanges with their infants. That is, a 
mother tends to assume both roles of speaker and 
listener: she cescribes, asks questions and provides 
the appropriate response to her own question.”! 


While mothers may violate the “rules” of adult 


discourse, at the same time they also provide a very 
rich forum for the unfolding of the infant’s com- 
munication skills. These alternating vocal ex- 
changes between mother and infant have typically 
been reported as early as 8 to 12 weeks after 
birth.'S'§ The joint performance of the two par- 
ticipants seems to prefigure adult conversational ex- 
changes:"® 


Here we see infants and mothers gazing at 
each other, as each smiles and vocalizes, apparent- 
ly with pleasure and a sort of delighted courtesy. As 
with adult conversation, there is near-constant 
communication in one modality (visual) and inter- 
mittent, alternating communication in another. 


True interaction can be seen to exist in that 
behavioral influences are bidirectional for the 
dyad.'*'? The communication network is composed 
of both maternal and infant behaviors and each of 
the participants can, and does, initiate the ex- 
change. The caregiver-infant communication ma- 
trix is made up of more than the vocalizations of 
each member. Looking and smiling for either infant 
or mother also serves as an elicitor or response to a 
vocalization.'® 


The phenomenon of mutual regard (ie, the regu- 
lation of a joint focus of attention) has been found 
operative within the mother-child dyad as early as 
four months of age.? Mutual regard is heightened 
when the mother verbally draws the child’s atten- 
tion to the shared point of reference. Bruner de- 
scribes this process as the emergence of semanticity 
for the child. He believes that through this cycle of 
behavior the child learns that things have labels and 
saying the label becomes a way of establishing joint 
reference, especially in the context of joint action. 
The simultaneous occurrence of the two events of 
visual regard and verbalization may serve to single 
out the object for special attention. This “here and 
now” referential aspect of speech for describing ob- 
jects or events to which the child is already attend- 
ing appears to play a significant role in early 
language experiences.” In this way, the mother 
serves to identify and organize early forms of com- 
municative interaction. The infants behavioral 
response is elaborated, contained or shaped by the 
mother’s interpretation of the child’s communi- 
cative intent. Eventually, the child assumes a more 
active role and the mother becomes the recipient of 
action. That is, the child learns to shift from the 
recipient to the agent of the act with the previous 
agent (the mother) assuming the complementary 
role of receiver. 


The special features of attention and the infant’s 
(or the mother’s) success in achieving joint action 
appear to permit the child to enter into a linguistic 
community rather quickly.” Exposure to selected 
samples of utterances associated with action en- 
hances the child’s comprehension and eventual pro- 
duction of utterances based on action.” 
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Another aspect of mother-child interaction which 
has been closely examined is mother’s child-directed 
speech. It is well known that maternal speech ad- 
dressed to children has conspicuous stylistic changes. 
Mothers use fewer words per minute, fewer cisflu- 
encies, smaller type-token ratios and fewer frag- 
mented sentences when compared to the speech 
they address to older children and adults.?* There- 
fore, mothers’ speech to young children about two 
years of age is generally simpler and more redun- 
dant with a higher rate of repetition of utterarces.”® 
Research findings support the notion that mothers 
are very sensitive to their children’s developing 
linguistic competence and reflect this sensitivity in 
the speech they use with their children.” 





It can generally be said that mothers perceive 
their children’s ease or difficulty in comprehension 
and tend to modulate their verbal input according- 
ly. The most dramatic changes in maternal speech 
occur between the time the child is 18 to 30 months 
of age; this period also coincides with the time that 
most children make tremendous linguistic leaps 
from one word and/or two word combinatiens to 
comparatively sophisticated conversational abilities 
at 30 months. Maternal speech mirrors these 
changes in children’s language performance. 


PRESENTATION OF CLINICAL RESEARCH 


This evidence regarding the early establishment 
of mother-infant communication matrices at & to 12 
weeks of age and the further refinement of tne in- 
teractive exchange in later infancy and early child- 
hood has been culled from a variety of investiga- 
tions with a focus on the language-proficient child. 
It seems reasonable to presume that children who 
are experiencing difficulty in the acquisition of 
language are delayed in all aspects of the communi- 
cative process. Since language is clearly one deter- 
miner of socialization and interaction strategies, 
language-disordered children can be suspectee to be 
deficient in these as well. 


In an effort to better understand the natare of 
conversational exchanges between mothers ane their 
language-learning children, a preliminary investi- 
gation was conducted to probe the interactions of 
both language-proficient and language-deficient 
children.” The specific clinical population of lan- 
guage-deficient children all displayed a primary 
language disorder in that they had no obvious sen- 
sory or intellectual deficits to warrant the delay in 
language acquisition. The objectives of the piot in- 
vestigation were twofold: 1) to examine patterns of 
verbal and nonverbal behaviors exhibited br nor- 
mal and language-deficient children, and 2) to de- 
velop a methodology for recording, measuring, and 
analyzing the particular nonverbal behavior of eye 
gaze. 

The results of the mother-child interactive ses- 
sions revealed clear differences for the two groups 
of children while the mothers of both groups tended 


to behave similarly on the measures employed. One 
of the most interesting findings was that the normal 
language-learning children initiated significantly 
more interactive episodes than did the language- 
disordered child. Furthermore, the results of a de- 
scriptive analysis of selected mother-child dyads?’ 
suggested that mothers and their normal language- 
learning children have well-developed mutual in- 
teraction patterns based on previous experience 
with successful dialogue. Communication for these 
dyads was clearly a shared experience. However, 
the mothers and their language-disordered children 
had a much slower interactive pace than the normal 
dyads, possibly due to the nature of the linguistic 
limitations’ of the language-disordered children. 
Some of the mothers of the language-disordered 
children were found to be extremely sensitive to 
their children’s difficulties in communication. 
These mothers were flexible in their use of other 
means for keeping the pace of interaction moving. 
Not all mothers of language-disordered children 
were able to tolerate limitations on the dyadic in- 
teraction. In such cases, it was apparent that effec- 
tive communication was not achieved. These results 
were intriguing and invited further clarification 
and substantiation in a larger sample size. A follow- 
up study is currently in progress. 


IMPLICATIONS FOR THE REMEDIATION PROCESS 


It would be premature at this point to suggest 
that clear behavioral patterns have been identified 
with communicative exchange and communicative 
breakdown. Further specification of these phenom- 
ena is warranted. However, there are several trends 
which can be discerned which offer insight into the 
process of remediation. 


The mutual regulation of behavior within the 
mother-child dyad is a relatively robust phenome- 
non. The synchrony of the behavioral repertoire of 
the two participants is extremely impressive. This 
mutual regulation can apparently serve the estab- 
lishment of interaction or it can serve to disrupt the 
interactive flow. Stern’? describes a disrupted in- 
teractive pattern as also being mutually regulating 
in that the behavior of the one participant was in- 
fluenced by the other and vice-versa. It would seem 
appropriate, then, to focus on the dyad as the unit 
of study fer the evaluation of conversational com- 
petence rather than trying to scrutinize behaviors in 
isolation. That is, it may be necessary to examine a 
cluster of behaviors since isolation of individual 
elements often obscures the interpretation of the 
behavior in question. 


The fact that the mothers of the two groups of 
children were found to behave similarly on the 
measures employed bears thoughtful consideration. 
It seems, therefore, that some mothers of language- 
disordered children are sensitive to their children’s 
needs. These mothers are also flexible in trying to 
accommodate to their children’s needs. In contrast 
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to mothers or normal language-learning children, 
mothers of language-disordered children are fre- 
quently described as more “directive” in their in- 
teractions with their children. This may result from 
maternal attempts to assist the child in organizing 
play behavior, for example, or attempts to structure 
the setting to facilitate the child’s participation in 
the interaction. Mothers of normal language-learn- 
ing children mast often operate in response to what 
their child hed said; the mothers of the language- 
disordered children do not often have that oppor- 
tunity and so they assume the role of initiator of the 
interaction more often. This observation that moth- 
ers of languege-disordered children are more di- 
rective in the interaction dovetails rather nicely 
with the find ng that the normal language-learning 
children initiated significantly more interactive 
episodes than the language-disordered children did. 
This seems tc substantiate the impression that nor- 
mal language-learning children are indeed more 
spontaneous im an interaction and their mothers do 
have the cho ce of following the lead of the chil- 


dren. The language-disordered, on the other hand, 
dic not initiate interactive episodes with the same 
frequency as the normal children. Hence, the moth- 
ers of the language-disordered children were 
themselves classified as initiator or maintainer of 
the interaction. It is useful to recognize the mutual 
regulation of the behavior of both interactants in 
this case. That is, it would seem likely that such an 
interactive style for language-disordered children 
and their mothers has evolved from past experience. 
These mothers may have discovered the need to di- 
rect the interaction based on a long interactive 
history of unsuccessful attempts and/or frustration 
on the part of the child to direct or maintain the 
dialogue. 


These results are as yet inconclusive and follow- 
up research is currently in progress to substantiate 
the findings of the preliminary study. However, it is 
hoped that these observations will suggest a recon- 
sideration of the role played by mothers with their 
language-deficient children. 
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Bloorm’s model of normal language development is reviewed in relation to clinical practice and is then expanded to account for 
disordered development. Four primary and four secondary assessment areas are then considered: language, cognition, motor, and affective 
development and nonverbal symbolic skills, attentiona. skills, social development, and physical-medical integrity. Finally, a way of in- 
tegrating this evaluative information into the model of normal development is discussed and a sample curriculum is outlined. 


In childhood language research, it has been the 
tradition to study children who demonstrat= essen- 
tially normal patterns of language development in 
order to isolate and define those factors essemtial for 
the acquisition of a specific language system, as well 
as those factors which appear to be universe! to the 
acquisition of languages in general. By understand- 
ing the way in which the normal child acqu:res and 
eventually controls his native language system, we 
can develop models and procedures which low us 
to compare the child having difficulty aceuiring 
language with his normally developing peers. Con- 
versely, when this type of testing isolates those areas 
of a pathological language system which are defi- 
cient or absent, their relative contributior to the 
normal kanguage acquisition process can be inferred 
and used to test the adequacy of present larguage- 
learning models. 


As a result of her early research with normally de- 
veloping children, Bloom' proposed a three-part 
model in which she isolated those factors which she 
believed contributed in important ways to normal 
language development. These factors are schema- 
tized in Figure 1. The first of the factors frem this 
model to be considered relates to a child’s cogni- 
tive/perceptual development. It refers to chidren’s 
ability to perceive their environment through a 
variety of sensory modes such as audition. vision, 
and taction, and then to organize this information 
in such a way that they eventually are able t oper- 
ate on their environment to consistently »roduce 
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and predict desired outcomes. This aspect of the 
child’s development has been studied in depth by 
Piaget? * who has delineated different stages of 
cognitive development where children first interact 
with their environment by using trial and error 
strategies, later begin to apply consistent but 
perceptually-bound strategies, and eventually move 
into a period of adult-like, logical-operational 
thought where their interactions with the environ- 
ment are controlled by highly structured rules and 
operating principles which allow them to not only 
consider actual observed events, but to hypothesize 
about possible events and outcomes. 


A second factor is the child’s linguistic ex- 
perience. In order to acquire language, children 
must not only be consistently exposed to a particular 
linguistic system, but also must have certain 
linguistic skills which allow them to explore and 
organize their perceptions of language, much in the 
same way that they explore and organize percep- 
tions of their environment. The important thing to 
remember, however, is that language presents a 
very different kind of information to be schema- 
tized than does the environment, and thus may re- 
quire different learning strategies. 


The third element in Bloom’s model is the child’s 
nonlinguistic experiences. It is not sufficient for 
children to be exposed to a language system and to 
develop cognitive and linguistic schema if their op- 
portunity to apply this information is overly lim- 
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Fig. 1. Interrelationships of hypothetical components in language development. (From Bloom.' Reprinted with permission) 
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TABLE 1. PRIMARY DEVELOPMENTAL ASSESSMENT 
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Language 
Cognitive 
Motor 
Affective 


ited, since withcut a sufficiently broad base of ex- 
perience, the way children organize and interact 
with their environment and the conclusions they 
draw from these interactions may not readily gen- 
eralize to new information and novel situations. 


After considering a large number of studies 
related to these various aspects of the child’s 
development, Cromer® concluded that: 


Our cognitive abilities at different stages of devel- 
opment make certain meanings available for expres- 
sion. But, in addition, we must also possess specifical- 
ly linguistic capabilities in order to come to express 
these meanings in language, and these linguistic cap- 
abilities may indeed be lacking in other species or in 
certain pathotogical conditions. 


The particular program model then, which I am 
suggesting at this time considers cognitive percep- 
tual development, nonlinguistic experience, and 
linguistic experience as essential factors for develop- 
ing linguistic competence. Competence in this con- 
text relates to internalized knowledge about our 
language system which allows us to utilize it effec- 
tively in a wide variety of communication situa- 
tions. For many of the children at Boys Town In- 
stitute, however, possessing knowledge about lan- 
guage is not sufficient, for as Cromer suggests, 
many of these children demonstrate what we might 
term as performance deficits. While these children 
are able to comprehend a wide variety of language 
stimuli, they are not able to produce language in a 
consistent or intelligible manner. These children 
demonstrate problems in oral motor competency, 
application of rules, retrieval of information, etc, 
which significantly affects the quantity and quality 
of their linguistic output. Other children may dem- 
onstrate similar deficits in utilizing strategies and 
information essential for language comprehension. 
Thus, we must consider a language intervention pro- 
gram that not orly allows these children to develop 
linguistic competence as shown in the model in Fig- 
ure 1, but also must provide specific intervention 
experiences to develop and improve linguistic per- 
formance which can then become part of the lin- 
guistic experience. 


LANGUAGE ASSESSMENT 


Now that we have reviewed several critical as- 
pects of language acquisition which we are assum- 
ing are crucial for normal language development, it 
is important to ask how we can apply this informa- 
tion to a clinica. population. In doing so, we can 
focus the four primary assessment areas listed in 
Table 1. 


One area to be considered is the child's develop- 
ing linguistic system. Several components can be 
isolated within this general area of language de- 
velopment. The first of these relates to the way 
children order and structure their output according 
to grammatical rules: the syntax of their language. 
Secondly, we can consider the content of this 
language output: the complexity of its semantics 
and the range of meanings expressed. Thirdly, we 
need to consider the way children articulate or pro- 
duce the various speech sounds of their language 
system, since these sounds not only form the basis 
for the words of their language, but also allow them 
to differentiate meanings at the morphological lev- 
el, such as changes in tense and number. Finally, 
we must not only measure the ways in which chil- 
dren are able to use language, their pragmatic 
language skills in producing questions, directing 
others, describing and reporting information, etc, 
but also the way children are able to combine these 
pragmatic functions in different discourse situa- 
tions. This last aspect of language involves testing 
the way the child is able to adapt his communica- 
tion system to meet the demands of different situa- 
tions, such as those posed by talking with an adult 
or other children, responding to questions on a test, 
responding to hypothetical questions, statements, 
etc. 


A second major assessment area is the area of cog- 
nitive development. Here we are looking at general 
intellectual functioning both in terms of verbal and 
nonverbal intellectual skills. This area also includes 
the child’s ability to perceive, process, and retain 
information through a variety of sensory modali- 
ties. Further, it considers his ability to utilize this 
information in solving problems, as well as the de- 
gree of complexity of the problems he is able to 
solve. 


A third area to be considered is the child’s motor 
development. Here we are looking at his play pat- 
terns, his exploratory behavior, as well as his 
specific motor skills. In addition, by studying the 
child’s motor development, we are provided with 
opportunities to see how he interacts with other 
children, since much of the child’s interaction with 
his peers during the preschool and early school years 
is through play activities which require a wide vari- 
ety of motor skills. In addition, we are able to see 
how the child utilizes language during his play, and 
how he problem-solves when the problem requires 
basic motor abilities for its solution. * 


Finally, it is important to look at the child's affec- 
tive development. In this instance we are interested 
in parent/child relationships, child/child relation- 
ships, the child’s concept of self, and his play and 
exploratory behaviors, as well as his general be- 
havior. 
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TABLE 2. SECONDARY ASSESSMENT AREAS 


Nonverbal symbolic 
Attentional 
Social 
Physical-medical 


In acdition to these primary assessment areas, 
when considering a child for a language interven- 
tion pregram, we also look at several secondary 
assessment areas. These are listed in Table £. First, 
we are interested in measuring the child’s nonverbal 
symbolic skills. These skills generally relate to the 
child’s ability to represent and symbolize informa- 
tion through other means than oral language, such 
as drawing, modeling, role play, dance, music, etc. 
Secondly, we are interested in attentional skills. In 
this case, we observe how well he can delay rein- 
forcement, how well he is able to ignore cistrac- 
tions, his ability to consistently plan and execute 
motor sequences without trial and error behavior, 
and his ability to separate essential auditory and 
visual information from nonessential information. 
Thirdly, we are interested in whether or rot the 
child is relating to his peers at an age-apprepriate 
level, how he socializes with other children and 
adults, as well as how he is able to adapt to new 
situations and demands. And finally, we are inter- 
ested in the child’s physical-medical integrity. How 
well does his basic physical system function? Are 
there specific physiological or medical disorders 
which can account for the difficulties the child is 
having in learning language, or with learning in 
general? 


PROGRAM CURRICULUM 


After we have isolated those factors important for 
normal language development, and have tested the 
child with a suspected language disorder in order to 
delineate deficit areas, we must next determine the 
type of program we are going to utilize. In this par- 
ticular instance, we are only considering one type of 
program, and only a limited aspect of this program. 
The purpose here is to demonstrate how certain of 
the factors we have considered thus far car: be in- 
tegrated into a therapy program. It is important 
when developing such a program to consider that 
all of the above factors interact througheut the 
child’s development. It is not sufficient to consider 
these factors in isolation, since providing remedia- 
tion for each of them separately and then hoping 
that they somehow combine is not an effective 
strategy for therapy. Thus, if we only consider 
children’s linguistic systems without considering the 
other factors of cognitive development and non- 
linguistic experience, we will probably be able to 
improve their language output, but will fail because 
we have given them nothing to talk about. 





If we just limit ourselves to language remedia- 
tion, we can break the complexities of lamguage 


TABLE 3. CURRICULUM OUTLINE 


General cognitive area 
Specific concept 
Content-vocabulary 
Form-linguistic structures 
Use-language functions 


learning into three basic factors of form, content, 
and use, or in more linguistic terms we can break 
language down into syntax, semantics, and prag- 
matics. This breakdown is shown in Table 3. Our 
goal, as Bloom‘ has suggested is to facilitate the 
child’s ability “to use conventional forms of lan- 
guage to represent content for some purpose or 
use.” Thus, we not only want to give the child 
something to talk about but alse to provide a means 
of structuring this information, and the ability to 
use this structured information in a variety of con- 
texts. In considering these aspects of form, content, 
and use, we are also forced to consider the other 
factors we have mentioned earlier; that is, the 
child’s cognitive development. his linguistic ex- 
perience, his motor development, and his affective 
development, since all of these various realms of ex- 
perience contribute information which facilitates 
language learning. 


In practice then, we choose an area of cognitive 
development, a specific concept which occurs with- 
in this general cognitive realm, and vocabulary, 
linguistic structures, and language functions useful 
in expressing this concept. For example, if in devel- 
oping a language curriculum at Boys Town Insti- 
tute, as shown in Table 4, we were to choose the 
general cognitive area of seriation, or the child’s 
ability to organize information into specific hierar- 
chies, we could then break down this general cogni- 
tive realm into several more specific areas. We 
could next decide to focus on a particular concept 
area such as time. Then, by choosing specific 
vocabulary items such as first, middle, last, next, 


TABLE 4. LANGUAGE CURRICULUM 





Seriation 
Concept area: time 


Vocabulary: 
First 
Middle 
Last 
Next 
Before 
After 
Linguistic structure: 
Aux. verbs - is, are, am (was, were} 
Models - can, will, obligatory do 
Negatives, not 
Conjunctions - and, but, because 
Function: 
Commands, imperatives, directives: self and others 
Request information 
Give information 
Describe 
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before and afte”, we could determine for the child 
specific content related to this concept area. Since 
one of our primary goals is to further language 
growth, we then would select linguistic structures 
which the child both requires in order to develop his 
language competence and also are appropriate to 
express this par icular vocabulary. In this instance, 
we might choo e words such as: is, are, am, can, 
will, not, and Fut. These words allow the child to 
say such things as, “He is in the middle” or “Can 
you stand in the middle” or “He is not the first, but 
he is the next cne.” Finally, we need to allow the 
child to exverieace this language in a variety of situ- 
ations, so that ñe learns to use the structures and 
vocabulary he Fas developed to communicate effec- 
tively with others. In this instance, we might pro- 
vide activities which allow the child to request in- 
formation, giveinformation, and describe events. 


In summary then, it is important in developing 
an habilitation model for the preschool child to con- 
sider several realms of experience including nonlin- 
guistic experience, linguistic experience, and 
cognitive-perceptual development, as well as those 
factors necessary for developing linguistic perfor- 
mance in the child. Secondly, the child must be 
tested in order to determine which of these areas are 
deficient. Finally, we must combine these different 
areas of experience into a well-integrated program, 
so that the child is able to see the relationship be- 
tween one realm of experience and another one, 
and thus develop a functional, broad based com- 
munication system, rather than specific isolated 
cognitive, linguistic, or perceptual skills. Any 
habilitation model must consider that children need 
to learn to communicate with others, not just to 
demonstrate specific isolated skills. 
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The purpose of this paper is to highlight the compiexity of the relationship‘between oral language development and the acquisition of 
reading skills. As background information, a hierarchy of language development including factors related to both oral and written 
language is discussed. Case studies of two learning-disabled males are presented to illustrate the differences in reading skills between two 
children with similar language comprehension abilities. Discussion of the underlying processing deficits responsible for these differences is 


also included, 


The recognition of the importance of eral lan- 
guage and auditory processing in learning to read is 
relatively recent. In the field of learning disabili- 
ties, initial emphasis was on the visual-perceptual 
difficulties of children with reading preblems. 
Historically, the field of learning disabilities grew 
out of investigations in the late 19th cemtury by 
neurologists who were studying brain-damaged 
adults with language deficits and reading disorders. 
At that time, awareness developed among neurolo- 
gists and ophthalmologists that children existed 
who seemingly had normal intelligence and had not 
experienced any obvious brain damage, but were 
having difficulty in acquiring language or in learn- 
ing to read. The children with language disorders 
were referred to as having “developmental aphasia” 
while those with reading disorders were referred to 
as having “developmental dyslexia.” Early descrip- 
tions of these developmental disorders tended to 
separate oral language deficits from reading dis- 
abilities. Gradually, however, the relationship be- 
tween language disorders and reading disorders be- 
came recognized, and generic terms were developed 
to include both disorders. Presently, the most com- 
monly accepted term is “specific learning disability.” 


The importance of the comprehension of oral 
language in the evaluation and remediation of spe- 
cific learning disabilities has become increasingly 
apparent. The following excerpt from the cefinition 
of specific learning disability formulated by the Na- 
tional Advisory Committee on Handicapped Chil- 
dren in 1968 and incorporated into congressional 
legislation in 1969 highlights the emphasis on 
language problems as the basis for many learning 
disabilities: ' 


Children with special learning disabilities exhibit a 
disorder in one or more of the basic psychological 
processes involved in understanding or using spok- 


To appreciate the effect of language disorders on 
achievement in reading and written language form- 
ulation, it is essential to understand the following 
hierarchy of language development adapted from 
Myklebust:? 

Hierarchy of Language Development 
Visual Language Expression (Writing) 
f 
Visual Language Comprehension (Reading) 
| 
Oral Language Expression 
| 
Oral Language Reception 
! 

Inner Language 
! 

Alerting and Attention 
f 
(Hearing Sensitivity) 


In discussing the levels of language development 
on this hierarchy, normal hearing sensitivity will be 
assumed. This does not imply, however, that chil- 
dren with hearing losses cannot have specific learn- 
ing disabilities in addition to their hearing impair- 
ment. In fact, according to the Office of Demo- 
graphic studies at Gallaudet College, Washington, 
DC, as many as one third of all children with sen- 
sorineural losses are felt to have additional han- 
dicapping conditions which may include specific 
learning disabilities.’ Also, one might speculate that 
the effects of so-called mild bilateral conductive 
hearing loss in the presence of preexisting learning 
disability may result in a marked problem in 
language and learning. In other words, the com- 
bined effects may be far greater than one would 
assume, 


The above hierarchy of language development il- 
lustrates the close relationship between oral lan- 
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quired at previous levels; Ane difficulty at one 
level affects development at all higher levels. The 
first level. alerting and attention, is the basis for 
language learning. Although information may be 
transmitted adequately to the brain, it will not be 
processed meaningfully if the child is not attending 
to it appropriately. Through attention and interac- 
tion with kis environment, the child develops an in- 
ner language system or preverbal organization of 
the world. It is upon this inner language svstem or 
nonverbal cognitive organization that the compre- 
hension of language is based. In other words, it is 
necessary to understand the concepts before it is 
possible to understand the auditory symbols as- 
sociated with therm. As the child develops some con- 
trol over language comprehension skills, he begins 
to increase his ability to express his ideas verbally. 
Thus, reception precedes expression or, in other 
words, language comprehension skills precede and 
affect language production skills. By the age of five 
or six, most children have developed control over 
the most important elements of their oral language, 
both receptively and expressively. Reading and 
writing, which represent visual receptive and ex- 
pressive language, are built on the existing oral 
language system. To explain, reading is a visual 
symbol system saperimposed on an existing auditory 
symbol system, and therefore deficits in oral 
language cevelopment will affect the acquisition of 
reading and written language skills. 





Althougn this hierarchy can serve as a framework 
for understanding relationships between language 
and reading in normal children, it is important to 
recognize that both oral language and reading ac- 
quisition are complex processes and the relationship 
between acquiring skills in each area is com- 
plicated. Hierarchies of processing and memory 
skills necessary ‘or both oral language and reading 
acquisition have been developed. Time does not al- 
low an in-depth discussion of the factors involved in 
information processing and storage, but certain key 
points will be highlighted. Evaluation of these pro- 
cesses is necessary, since planning and imple- 
menting an appropriate remedial program in large 
part is dependent on identifying a child’s specific 
pattern of strengths and weaknesses in storing, pro- 
cessing, and associating auditory and visual infor- 
mation. 


To illustrate the complex relationship between 
language cisorders and reading, two severely lan- 
guage-delayed children, one 12-year-old and one 
14-year-old, with different patterns of strengths 
and weaknesses in reading and information process- 
ing, will be described. Their scores are represen- 
tative of patterns seen in a number of children at 
our clinic. As can be seen in Table 1, the language 
deficits are apparent in each case on tests of in- 
telligence where scores on language-based tasks are 
found to be over 50 points below scores on perfor- 


TABLE 1. RESULTS OF INTELLIGENCE, LANGUAGE, 
READING, MEMORY, AUDITORY AND VISUAL 
PROCESSING TESTS 


Le LA Ltt 


Case Studies 


Child A Child B 
(Age 12) __ (Age 14) 
Intelligence Quotient Quotient 
Verbal 62 5] 
Periormance 114 102 
Language Age (yr) Age (yr) 
Comprehension 8 to 10 6 to 8 
Use 5to 6 6 to 7 
Readiag Grade Grade 
General 1.6 3.7 
ran Walesa 1.4 2.5 
Word Identification 1.4 5.0 
Phonics 1:9 6.0 
Memory Age (yr) Age (yr) 
Auditory Sto 6 Sta § 
Visual 6 to ll 9 to 13 
Auditery processing 7 to 8 17 
Visual processing 6to 7 10 to 17 


mance tasks involving nonverbal intelligence. In 
both children, the language scores indicate 
disorders affecting comprehension of abstract or 
relational terms as well as connected language. 
Relative to their chronological age, child A has 
slightly better language comprehension abilities 
than child B, but his scores are significantly below 
average. Both children exhibit even more signifi- 
cant problems in expressive language than in recep- 
tive Language. Scores in expressive language are 
around the five-to-six year level. 


With the similarity of the language disorders in 
these children, and in light of the hierarchy of lan- 
guage development discussed above, one might ex- 
pect to find the children to have similar disorders in 
reading. In examining reading performance, shown 
in Table 1, however, one begins to see significant 
differences. General reading scores for child B fall 
at a high third-grade level while for child A they are 
at a lew first or preprimer level. Analyzing the dif- 
ferent skills involved in reading, one notes that 
child A exhibits a relatively flat profile with similar 
scores in word identification, word attack or 
phonics and passage comprehension. Child B on the 
other hand shows very significant differences be- 
tween his ability to identify words or apply phonic 
word attack skills and his ability to understand 
what he is reading. As would be expected with se- 
vere Ceficits in oral language comprehension, read- 
ing comprehension for both children is very delayed 
with scores falling at a high first to low second 
grade level. In child B, word identification skills, on 
the other hand, do not appear to correlate weil with 
reading comprehension skills since scores on word 
identification are at a fifth-grade level and scores on 
phonic word attack are at a sixth-grade level. Thus, 
severe language deficits do not necessarily affect a 
child’s ability to learn word identification skills. 
Children such as child B with poor oral language 
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and reading comprehension but average to above 
average word identification skills are often referred 
to as “hyperlexic.” They can identify many more 
words in reading than they can understand. 


Further examination of each child’s strengths and 
weaknesses in storing, processing and retrieving 
both auditory and visual information, illustrated in 
Table 1, helps to explain the difference between 
these children in their reading skills. In the area of 
memory, both children show significant deficits in 
auditory memory which have almost certainly in- 
terfered with language learning. Child B, however, 
shows important strengths in visual memory while 
child A has specific deficits in this area. Child B also 
shows strengths in all areas of auditory and visual 
processing which do not involve meaningful inte- 
gration and interpretation. In other words, in addi- 
tion to good visual memory, the ability to discrimi- 
nate, analyze, and synthesize nonmeaningful, rote 
kinds of auditory and visual information are areas 
of particular strength for child B. In contrast, child 
A shows deficits in all areas involving auditery and 


visual memory, auditory processing, aad some areas 
of visual processing. 


In summary, I would like to empkasize the im- 
portance of the hierarchy of language acquisition in 
evaluating children suspected of heving specific 
learning disabilities, but, at the same time, caution 
against oversimplification. As discussed above, the 
acquisition of both oral language ane written lan- 
guage skills is quite complex and involves abilities 
not only in the comprehension of verbal materials, 
but also in the storage, processing, association and 
retrieval of both auditory and visual information. 
Differentiating between patterns of strengths and 
weaknesses as illustrated by child A and child B is 
essential in that the remedial program for each of 
these children would be quite different. Therapy 
should be based on the child’s specizic pattern of 
strengths and weaknesses. Child B has many skills in 
the mechanics of reading which may be quite useful 
in his remedial program, while chilc A has yet to 
acquire even basic reading mechanics. 


REFERENCES 


1. National Advisory Committee on Handicapped Children. 
Special education for handicapped children, first annual report. 
Washington, DC: US Department of Health, Edueation and 
Welfare, Jan 31, 1968:4. 

2. Myklebust H. The psychology of deafness. 2r? ed. New 
York: Grune and Stratton, 1964, 


3. Office of Demographic Studies. Annual survey of hearing 


impaired children and youth: additional handicapping condi- 
tions, age at onset of hearing loss, and other characteristics of 
hearing impaired students-United States: 1968-6. Series D, No. 3. 


RESEARCH PRIORITIES IN LANGUAGE AND LEARNING 


PAUL FLETCHER, PhD 


READING, ENGLAND 


The paper reviews recent work in the area of linguistics applied to abnormal language development, specifically in the area of gram- 
mar. Particular atterzion is paid to the notion of linguistic profiling as a procedure for assessment and remediation, using information from 
normal language devzicpment research as a guide. It is suggested that in addition to the potential benefit of the continuing advance in 
knowledge of rormaHlanguage acquistion for studies of language disorders, the study of the language of mothers to children could prove of 


considerable value tc the speech and language pathologist. 


Stimulated orginally by the success of transfor- 
mational grammar, linguists and psychologists 
working on chilcren’s development have made con- 
siderable advan-es over the last fifteen years in 
characterizing the course of the language develop- 
ment of normal children, particularly in the area of 
grammar. It would be impossible here to attempt a 
summary of this -esearch, but there are two impor- 
tant findings thet are relevant. First, the order of 
acquisition of the syntactic pattern of a language is 
‘approximately iavariant. That is, although there 
are considerable differences in the rate of acquisi- 
tion (children proceed through the language-learn- 
ing process at di-ferent speeds) all normal children 
generally share a common developmental course. 
The second findang is that children systematically 
make mistakes ia their language as they learn it, 
and the existence o: such systematic error has given 
us some evidence as to how they learn. The most 
often quoted exemple in this area is that of past 
tense acquisition In English there are regular and 
irregular verbs, and while the regular verbs mark 
past simply by ae ding -ed (orthographically speak- 
ing), irregukar verbs mark past tense iri a variety of 
ways (eg, break - broke, sleep -slept, hit - hit). 
Children’s acqui ition of the past tense forms ap- 
pears to proceec in three stages. First they use 
sporadic irregular forms, and second they use reg- 
ular forms exclusvely, even for irregular verbs (eg, 
breaked, sleepea, hitted). Only after some con- 
siderable time dc they manage to differentiate be- 
tween the reguler and irregular forms. The exis- 
tence of systemafic error is not however limited to 
past tenses. Que:tion forms, plurals, determiners, 
pronouns, various other verb forms, coordinating 
and subordinatirg sentences are other examples of 
areas of the grammar where systematic error has 
been noted. 


The success of syntactic investigation into normal 
children’s langua ze has led to the application of this 
knowledge to th: language-disabled child. There 
are currently available a number of approaches to 
grammatica! disability which ally linguistic de- 


anama meeter ote mansana 


scriptions and information on normal language ac- 
quisition?’ but here I want to concentrate on that 
developed by Crystal and his associates.** This pro- 
cedure involves using a syntactic profile chart of 
development, constructed on the basis of research 
into normal child language acquisition, and apply- 
ing this to a sample of data from language-disor- 
dered children to determine the extent of their 
language delay or deviance.* The comparison ef- 
fected in this way with normal syntax development 
for assessment purposes can be carried further and 
the normal scale used as a specification of the aims 
of a remediation program. This thoroughgoing ap- 
plication of a normal developmental scale to the 
area of language abnormality is justified by the 
absence of any other satisfactory basis for assessing 
what language-disabled children say or understand, 
by its proven usefulness in clinical practice and as a 
research tool (see Crystal’ for a wide range of 
reports on clinical and research applications), and 
because it is primarily a descriptive procedure al- 
lowing the user to characterize the what of the 
language he is interested in, but making no claims 
about the how.t We have already outlined some 
evidence which suggests that the language learning 
of normal children may involve rule learning, as in 
the case of past tense. The syntactic profile, which 
does rely on the ‘relative invariance’ hypothesis and 
so predicts the occurrence of past tense before, say, 
past participles, has nothing directly to say about 
the wey in which the child learns forms. Never- 
theless the occurrence of systematic error in the 
language-disabled child’s output will similarly in- 
form investigators about the processes (whether like 
or unlike the normal ones) which he may be follow- 


ing. 
The present, then, sees us engaged in the wide- 
spread clinical use of syntactic assessment proce- 


*Deviance here is defined as the appearance in the language sample of 
syntactic structures which (a} would not be used by adults and {b} do not 
appear as part of normal child language development.* 


tThat is, the syntactic framework is regarded as a useful heuristic, and 
explanations for acquisition are sought elsewhere. 
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dures and the provision of remediation programs, 
with the background to the whole enterprise being 
normal language development. This situation 
would lead us to expect the delineation of research 
priorities from those sources: (a) gaps in current 
knowledge of normal development which are thrown 
into relief by their importance in the area of dis- 
ability, and (b) advances in knowledge, in this rela- 
tively new and still rapidly-growing field, which 
add new information either about the course of de- 
velopment, or about the process of learning and 
variables which affect this. I will outline some ex- 
amples of how both the gaps and the advances 
could affect our research planning. 











The Verb Phrase. One of the major single prob- 
lems which appears to affect children with specific 
language disability (a notoriously hetercgeneous 
group) is the mastery of the verb phrase system.‘ 
Verb forms in English signal an important set of 
meanings. They refer to time (present, past and fu- 
ture), they refer to the temporal aspects of actions 
(whether or not they are continuous, for example), 
and via the modal auxiliaries like can, may, must, 
etc., they refer to such notions as possibility, 
necessity, ability and volition. The child has to 
master the syntax of verb forms — how to get the 
right parts in the right order. This is not se easy to 
do, presumably, with a form like could have broken 
it, and is even more complex when one censiders 
question forms (could George have broken. At the 
same time he has to be able to use the forms ap- 
propriate to the situation: when exactly does one 
use present tense forms, or the modal auxiliary 
could? In order to begin to consider the predlem of 
remediating deficiencies in the area of the verb 
phrase in language-disabled children it is necessary 
to know the order in which the forms are acquired 
by normal children. Unfortunately by corsparison 
with other topics the verb phrase has been ap- 
proached unsystematically and it has only proved 
possible to piece together some informaticn about 
the earliest stages of verb phrase acquisition from a 
variety of sources.”® Much remains to be dene, both 
in specifying the order of acquisition of forms, and 
in providing appropriate remediation pracedures 
for teaching them. As we have already indicated, 
the meaning contrasts signalled by verb phrase 
forms are diverse and complex, and the general 
functional complexity of verb forms ensures that the 
period of their acquisition in normals extends from 
just after the second birthday into the schocl years. 
Detailed assessment information, particularly 
about the later acquired forms, would be of con- 
siderable help. 


Another somewhat neglected research area can 
also be touched on in this context: the detailed study 
of remediation. I think it can safely be said that in 
both phonology (as applied to articulation disor- 
ders) and in syntax, the linguistic approach has 
been a valuable addition to the clinician’s armory as 





far as assessment is concerned, and to some extent in 
the specification, on the basis of the assessment, of 
remediation goals. But to my knowledge there are 
only a handful of studies which follow up linguistic 
assessments with detailed investigation of the pro- 
gress of subsequent remediation. Such work would 
be designed to provide information about the ways 
in which various subgroups of the language-dis- 
abled population go about learning language, or, to 
put it another way, go about using the structured 
input that the clinicians give them. Let us take one 
part of the verb phrase as a concrete example, the 
contrast between present and past progressive: 


He is running. 


He was running. 


Let us suppose that the clinician has a number of 
ways of demonstrating this contrast to the child or 
children she is dealing with. A number of questions 
arise. Which is the most satisfactory remediation 
procedure? How many trials (to whatever criterion 
is adopted) does the child need before he can use the 
forms being taught? Can he generalize the form 
contrast across a number of verbs, or is he restricted 
to verbs which have been used in his training? How 
long does it take for the contrast, once established in 
training, to be used by the child spontaneously? The 
comparison of answers to questions such as these 
across different children and distinct subgroups 
could place remediation on a sounder footing. 


RECENT ADVANCES 


I will now turn to recent work in normal lan- 
guage development research which could shed light 
on abnormal development. 


‘Motherese.’ In the 1970s much research energy 
has been devoted to the topic of the language ad- 
dressed to children, which has concentrated par- 
ticularly on the language of mothers.” One major 
success of this research has been the information 
provided about the nature of the ‘primary linguistic 
data,’ the kind of language the mother addressed to 
the child. Mother language appears to constitute a 
distinct language variety: it has quite specific pho- 
netic, syntactic and semantic characteristics which 
set it apart from other varieties of language the 
mother uses. At present the relationship between 
this primary linguistic data and the linguistic pro- 
gression of the child is not clear; we do not know 
how children use the modifications. There is dis- 
agreement concerning the formal and functional 
correlation between the mother’s modified lan- 
guage and the language of the child, and it is not 
clear whether when we try to consider the relation- 
ship between mother language and child language 
we should be concerned about measuring syntactic 
or semantic complexity. What help is this in con- 
sidering language disorders? The application, as 
often, is descriptive. As I have said, linguists and 
others have been successful in describing a variety 
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of language that is used to normal children. Two in- 
teresting lines cf inquiry are suggested: (a) if as has 
been suggested? it is the mother’s conversational 
competence which makes for successful language 
development, is iż the case that mothers of children 
with language difficulty but not specific organic 
impairment are poor at constructing the appropri- 
ate language input? (b) does the nature of moth- 
erese provide us with any guidelines concerning the 
organization of language input in the clinic? To 
return to this area of the verb phrase, does an ex- 
amination of the ways in which mothers of normal 
children refer to and make explicit, say, notions of 
time in their everyday conversation with the child 
assist our orgarization of structured input for chil- 
dren who are language-disabled? The expression of 
time in normal children’s language begins with 
references to the immediate past, and only later do 
forms refer to remote past, and to future time. To 
what extent is this a function of the way mothers use 
the forms in their input, or is the behavior a func- 
tion of the chilc’s stage of conceptual development? 
Another more general question which could useful- 
ly be asked concerns the structure of normal 
mother-child conversations. A feature of the pro- 
tocols of spontaneous speech recorded by Roger 
Brown and his associates! was the way in which 
mothers would respond to a child’s utterance by ex- 
panding, paraphrasing or supplementing it. Rarely 
this feature of conversation might draw attention 
only to the form of a child’s utterance, as in this ex- 
change witn a three-year old: 


D. Who did found something? 
Father. Who did found something? 
D. What dic you find? 


The child has heard his mother talking about 
some money that was lost and uses an incorrect 
form: the father explicitly draws attention to this. 


More commonly there is expansion of form and of 
meaning, as this example with a two-year old 
shows: 


D. Me blow. 
Father. You’re blowing the candles out, are your 


Here the parent has extended the grammatical 
form of the verb phrase and included the object of 
the action the child is engaged in. Once again we 
could envisage an extension of this area of inquiry, 
from the structure of conversations" to the struc- 
ture of therapeutic interaction. 


CONCLUSIONS 


I have briefly ranged over a number of topics, 
but I hope the overall intention is clear. Potentially 
useful information for language disorders is ac- 
cumulating in the field of normal language develop- 
ment research. As far as assessment is concerned, if 
the model of normal language development is used 
as a descriptive framework in the assessment of 
language disability, then clearly any information 
about the course of that development is potentially 
useful; priorities in this area may well be dictated 
by specific problems of language-disabled children. 
Also there are recent advances in research into the 
factors, particularly the mother’s language, that af- 
fect the course of acquisition, which may shed light 
on remediation and the way in which the language- 
disabled child processes the structured input pro- 
vided for him. This area — the process of acquisi- 
tion by the language-disabled child in clinical con- 
texts — is perhaps the most neglected area of study, 
and there is a need here for basic research into the 
construction and evaluation of remediation proce- 
dures, which again can either draw on work al- 
ready available from the normal field, or provide 
the stimulus for the appropriate research. 
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MEAN RATING 


WHEN DIZZINESS 
IS A SYMPTOM OF THE 
BROADER PROBLEMS 
OF AGING... 


Dizziness. confusion, mood-depression...often symptoms indicative 
of *anctional and mental decline in the elderly 


With the-growing awareness that mental and functional deterioration 
need no te an inevitable consequence of aging, many physicians 
haw2 tu med to Hydergine therapy for relief of symptoms such as 
dizziness, confusion, and mood-depression. Because the target 
symptoms are of unknown etiology, a careful diagnosis should be 
atte npted before prescribing Hydergine therapy. 


When the symptoms are multiple, the therapy is often singular: 
Orai Hydergine® Tablets 


Ur teated, distressing symptoms of the elderly often further impair 
the: abil ty to carry on normal daily activities. With the beneficial effect 
of Cral Fydergine tablets, many patients find their symptoms reversed 
Or ameliorated. 


Nota vasodilator; Hydergine therapy proved superior to papaverine 
in treating selected age-related symptoms... including dizziness ' 


In a 12-week double-blind study involving 60 outpatients with a mean 
age in the mid-sixties, results were evaluated in 53 patients. The 26 
patients or Hydergine therapy (two 0.5-mg sublingual tablets t.i.d.) 
hac signficantly greater (P<0.01) relief of dizziness than the 27 patients 
on Capaverine (two 50-mg capsules t.i.d.). Furthermore, overall 
Clini>al condition and Global Change for Hydergine patients improved 
more then twice as much (P<0.01) as for papaverine patients’ 
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WEEK WEEK 
QO NoChange 1. Normal or Absent 
1. Sliontly Improved 3. Mildly At Normal 
2. MUER Im5roved 5. Moderately Abnormal 
3. Very Much Improved 7. Markedly Abnormal 
me erone Patients *Signiticantly (P<0.01) Greater Change Favorina | 1ydergine Patients 


= m ee ee Pe paverine Patients Adapted trom Rosen ' 



















For effective therapy: proper patient selection 
and dosage 

e Determine that dizziness is due to the aging process 
and not due to specific conditions such as middle-ear 
disease, toxic reactions, and others. 

e Most suitable candidates for Hydergine* therapy are 
patients experiencing mild to moderate dizziness. 

e Give enough... | mg t.i.d. 

e Give long enough... for most patients Hydergine therapy 
works gradually and subtly, and beneficial effects are 
usually seen witnin four to six weeks. 


¢ Oral formulation eliminates need for sublingual tablets. 
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HYDERGI N E 1” 


Each 1 mg Hydergine tablet contains dihydroergocornine mesylate 0.333 mg, dihy- 
droergocristine mesylate 0.333 mg, and dihydroergocryptine (dihydro-alpha-ergocryptine 
and dihydro-beta-ergoczyptine in the proportion of 2:1) mesylate 0.333 mg, representing 
a total of 1 mg. 


1. Rosen HJ: Mental decline in the elderly: Pharmacotherapy (ergot alkaloids versus papaverine). 
J Am Geriatr Soc 23:169-124, 1975. 


Contraindications: Hypersensitivity to the drug. 

Precautions: Because tae target symptoms are of unknown etiology, careful diagnosis 
should be attempted before prescribing Hydergine tablets and sublingual tablets. 
Adverse Reactions: Serious side effects have not been found. Some sublingual irrita- 
tion, transient nausea, and gastric disturbances have been reported. Hydergine tablets 
and sublingual tablets do not possess the vasoconstrictor properties of natural ergot 
alkaloids. 

Dosage and Administration: 1 mg three times daily. Alleviation of symptoms is usually 
gradual and results may not be observed for 3-4 weeks. 

How Supplied: Hydergine tablets (for oral use) 1 mg, containing dihydroergocornine 
mesylate 0.333 mg. dihydroergocristine mesylate 0.333 mg, and dihydroergrocryptine 
(dihydro-alpha-ergocryptine and dihydro-beta-ergocryptine in the proportion of 2:1) 
mesylate 0.333 mg, representing a total of 1 mg; packages of 100 and 500. Hydergine 
sublingual tablets 1 mg, containing dihydroergocornine mesylate 0.333 mg, dihy- 
droergocristine mesylate 0.333 mg, and dihydroergocryptine (dihydro-alpha-ergocryptine 
and dihydro-beta-ergoeryptine in the proportion of 2:1) mesylate 0.333 mg, representing 
a total of 1 mg: packages of 100, 500, and 1000. Hydergine sublingual tablets 0.5 mg, 
containing dihydroergosornine mesylate 0.167 mg, dihydroergocristine mesylate 0.167 
mg, and dihydroergocryptine (dihydro-alpha-ergocryptine and dihydro-beta- 
ergocryptine in the proportion of 2:1) mesylate 0.167 mg. representing 

a total of 0.5 mg: packages of 100 and 1000 

Before prescribing, seenackage insert for full product information 


SANDOZ PHARMACEUTICALS, EAST HANOVER, NJ 07936 SANDOZ $020.527 
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When America landed on the moon... On July 
20, 1969, Astronauts Neil A. Armstrong and Edwin “Buzz” Aldrin, Jr. 
fulfilled a dream man has had for centuries. Indeed, the Eagle had 
landed. 

Captivated, a world-wide audience watched in awe as Astronaut 
Armstrong stepped onto the moon and into history with the state- 
ment “That’s one small step for a man, one giant leap for mankind.” 
Minutes later Armstrong and Aldrin planted the American flag on the 
moon's surface, set up equipment for future experiments, recorded 
each other’s historic steps on film, and scooped up 21 kg (46 Ibs) of 
rock and soil samples. 

The men of NASA had realized an age-old dream by conquer- 
ing another space frontier. 


Actifed was there! Since the first manned Apollo flight in 
1968, Actifed has been the decongestant/antihistamine of choice for 
NASA's astronauts. The reason? Actifed works! 

In fact, during five Apollo missions, astronauts took Actifed for 
symptomatic relief of colds* and nasal congestion.’ Actifed did its 
job... and the astronauts went on to do theirs. 

Because of its successful record in space, Actifed is scheduled 
to be aboard the upcoming Space Shuttle. The 1980s mark the be- 
ginning of a new era in aerospace research ... and Actifed will be 
there! 





*This product has been evaluated as “lacking substantial evidence of effectiveness as a fixed com- 
bination” for this indication. Please see prescribing information. 

tThis product has been evaluated as “probably” effective for this indication. Please see prescribing 
information. 





1. Astronaut Neil A. Armstrong taking his historic first steps on the moon 2. Apollo 
7 — the first manned Apollo space mission 3. Skylab — the first American home 
269 miles above earth 4. Blastoff — Cape Canaveral, Florida 


For symptomatic relief of winter cold symptoms” 
(and year-round allergic rhinitis) T 


ACTIFED 


Tablets/Syrup 


Each scored tablet contains ACTIDIL” (triprolidine HCI}2°5 mg, SUDAFED 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL® 1.25 mg 
and SUDAFED* 30 mg. 








Burroughs Wellcome Co. A See brief summary of prescribing information on next page. 
Research Triangle Park < 
North Carolina 27709 
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ACTIFED 


Tablets/Syrup 


Each scored tablet contains ACTIDIL* (triprolidine HCI) 2.5 mg, SUDAFED* 
(pseudoephedrine HCl) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL® 
1.25 mg and SUDAFED® 30 mg. 


Part of the NASA Space Medicine Kit since 1968. 
And scheduled aboard the upcoming Space Shuttle Orbiter. 


ACTIFED™ Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National Academy of Sciences — National Research 
Council and/or other information, FDA has classified the indications as follows 

*“Probably” effeciive: For the symptomatic treatment of seasonal and perennial allergic rhinitis and 
vasomotor rhinitis 

“*"Lacking substantial evidence of effectiveness as a fixed combination”: For the prophylaxis and treat- 
ment of the symptoms associated with the common cold 

Final classificatien of the less tnan effective indications requires further investipat 



























CONTRAINDICATIONS: Contraieticated in newborn or premature infants: in nursing mothers. for the treatment 
i lower respiratory symptoms 1cluding asthma; in patients hypersensitive to: 1) triprolidine hydrochloride and 
ther antihistamines of similar chemical structure; and/or 2) sympathomimetic amines including 

Pseudoephedrine; in patients os menoamine oxidase inhibitor therapy (see Drug Interactions Section) 


WARNINGS: Use with considerable caution in patients with. increased intraocular pressure (narrow angle 
glaucoma). stenosing peptic wecer, pyloroduodenal obstruction, symptomatic prostatic hypertrophy, bladder 
neck obstruction, hypertension. diabetes mellitus, ischemic heart disease, hyperthyroidism 


sympathomimetics may produe ce itral nervous stimulation with convulsion or cardiovascular collapse with 
accompanying hypotension 


. 


























Use in Children: As in adults, the combination of an antihistamine and sympathomimetic amine can elicit 
either miid stimulation or mild sedation in children. In the young child, mild stimulation is the response most 
frequently seen. In infants and children, especially, antihistamine in overdosage may cause hallucination 


convulsion or death. Large doses of pseudoephedrine are known to cause asthenia, lightheadedness, nausea 
and/or vomiting 


Use in Pregnancy: Experience with this drug is inadequate to determine whether there exists a potential for 
harm to the developing fetus 


Use with CNS Depressants: Iriprolidine has additive effects with alcohol and other CNS depressants (hypnot 
sedatives, tranquilizers, etc.) 


Use in Activities Requiring Mental Alertness: Patients should be warned about engaging in activities 
requiring mental alertness as driving a car or operating appliances machinery. etc 


Use in the Elderly (Approximately 60 years or older): Antihistamines are more likely to cause dizziness 
sedation and hypotension in elderly patients. Overdosages of sympathomimetics in this age group may Cause 
hallucinations, convulsions, CNS depression, and death 


PRECAUTIONS: Use with caution in patients with: history of bronchial asthma. increased intraocular pressure 
hyperthyroidism, cardiovascular disease, hypertension 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the anticholinergic (drying) effects of antihis 
tamines and overall effects of sympathomimetics. Sympathomimetics may reduce the antihypertension effects 
f methyldopa, decamylamine, reserpine, and veratrum alkaloids 


ADVERSE REACTIONS: The most frequent adverse reactions are underlined 


1. General: Urticaria, drug rash, anaphylactic shock photosensitivity, excessive perspiration, chills, dryness of 
mouth, nose and throat 


4. Nervous System: Sedation, sleepiness, dizziness, disturbed coordination, fatigue. confusion, restlessness 
excitation nervousness, tremor, irritability, insomnia, euphoria, paresthesias. blurred vision. diplopia, vertigo 
tinnitus, acute labyrinthitis, hysteria, neuritis, convulsions. CNS depression, hallucination 

9. G.I. System: Epigastric distress, anorexia, nausea, vomiting. diarrhea, constipation 

6. G.U. System: Urinary frequency, difficult urination, urinary retention, early menses 


1. Respiratory System: Thickening of bronchial secretions, tightness of chest and wheezing, nasal stuffiness 


OVERDOSAGE: Overdosage reactions may vary from central nervous system depression to stimulation. Stimula 
tion is particularly likely in children. Atropine-like signs and symptoms: dry mouth: fixed, dilated 
pupils; flushing; and gastrointestinal symptoms may also occur 


If vomiting has not occurred spontaneously the patient should be induced to vomit. Precau 
tions against aspiration must be taken, especially in infants and children. If vomiting 1s 

unsuccessful gastric lavage is indicated within 3 hours after ingestion and even later if 
large amounts of milk or cream were given beforehand. Isotonic and 42 isotonic saline is 
the lavage solution of choice 





Saline cathartics, as milk of magnesia, draw water by osmosis into the bowel and therefore 
are valuable for their action in rapid dilution of bowel content. Stimulants should not be used 
Vasopressors may be used to treat hypotension 


DOSAGE AND ADMINISTRATION: Dosage should be individualized according to the needs and the 


response of the patient 
Tablets 


Usual Dose: 
] 









Syrup 
teaspoonfuls (5 cc) 


















Adults and children 12 years and older 
3-4 
times 
a 
day 








Chilcren 6 to 12 years 


1/9 
¿ 


Children 4 to 6 years 


Chilcren 2 to 4 years 
Children 4 months to 2 years 


HOW SUPPLIED: 
Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100 
Actifed* Syrup — Bottles of 1 pint and 1 gallon 


Unit of Use 
Tablets — Bottles of 30 and 100 with child-resistant cap 
Syrup — 4 oz. bottle with child-resistant cap 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome! North Carolina 27709 
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When you talked, 
we listened. 


1723 Grason-Stadler Middle Ear Analyzer 
ST CAVITY 1 


Then we did something about it. 


We designed a single automated middle ear 
test system that eliminates complex multi- 
instrument calibrations. That means fewer 
operating errors and invalid tests. 


The Grason-Stadler GSI 1723 Middle Ear 
Analyzer. A complete automated test system 
that performs a full battery of diagnostic tests 
with reliable accuracy. 


e Tympanometry 

e Ipsilateral and contralateral 
acoustic reflex testing 

e Eustachian tube function testing 


In total testing capability, the 1723 fas no 
equal. It combines unsurpassed functional 
capabilities with fast and simple operation. 


The 1723. State of the art in middle ear diag- 
nostics. And it’s backed by Grason-Stadler’s 
reputation for quality, reliability and service. 
From the most advanced diagnostic systems 
to the simplest screening instruments. Grason- 
Stadler. We listen . . . and we do something 
about it 


For further information: 


a Oe Box 5 

537 Great Road 
Littleton, Ma 01460 
(617) 486-3514 


Grason-Stadler 








è Rapidly excreted unchanged in urine — ® 
1/2 times faster than ampicillin 
= 
*Based on T° 1/2 vaiues for single oral doses of 500 mg cyclacillin , 


Half the dose 
is absorbed inẸ minutes! 


compared to 32 minutes for ampicillin * 


Mean blvod levels in aas ml aher 250 mg |- Fevers idle of dicitiee and ich 
ee ee e | than with ampicillin i in studies i to date. 


- Efficacy proven in the treatment | 
of bronchitis, pneumonia, and upper 
respiratory infections.‘ 


In 117 patients, 73 with bronchitis/pneumonia 
caused by S. pneumoniae and 44 with streptococcal 
sore throat caused by Group A beta-hemolytic 
streptococcus, CYCLAPEN®-W achieved a clinical 

1 2 3 4 5 response rate of 100%! Bacterial eradication was 
Time (hours after administration) 95% and 86% respectively. 
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tDue to susceptible organisms. 


è Rapid, virtually complete absorption from GI tract 

è Exceptionally high peak blood levels — 3 times 
greater than ampicillin (Clinical efficacy may not 
always correlate with blood levels.) 


See important information on facing page. 


tablet and 500 mg ampicillin capsule. Data on file, Wyeth Laboratories. 


250 and 500 mg Tablets 


e è 
Copyright © 1980, Wyeth Eaboratories. All rights reserved. ( yí Ci | In 125 and 250 mg per 
` 


5 ml Suspension 






Wyeth Laboratories -»niaseionia. Pa 1910: 
more than just spectrum 


CYCLAPEN-W (cyclacillin) 


Indications 
Cyclacillin has less in vitro activity than other drugs in the ampicillin 
class and its use should be confined to these indications: Treatment 
of the following infections: 
RESPIRATORY TRACT 
Tonsillitis and pharyngitis caused by Group A beta-hemolytic 
streptococci 
Bronchitis and pneumonia caused by S. pneumoniae (formerly 
D. pneumoniae) 
Otitis media caused by S. pneumoniae (formerly D. 
pneumoniae) and H. influenzae 
Acute exacerbation of chronic bronchitis caused by H. in- 
fluenzae* 
“Though clinical improvement has been shown, bacteriologic 
cures cannot be expected in all patients with chronic respi- 
ratory disease due to H. influenzae. 
SKIN AND SKIN STRUCTURES (integumentary) infections caused 
by Group A beta-hemolytic streptococci and staphylococci, non- 
penicillinase producers. 
URINARY TRACT INFECTIONS caused by E. coli and P. mirabilis. 
(This drug should not be used in any E. coli and P. mirabilis infec- 
tions other than urinary tract.) 
NOTE: Perform cultures and susceptibility tests initially and dur- 
ing treatment to monitor effectiveness of therapy and susceptibil- 
ity of bacteria. Therapy may be instituted prior to results of sen- 
sitivity testing. 
Contraindications Contraindicated in individuals with history of 
an allergic reaction to penicillins. 
Warnings Cyclacillin should only be prescribed for the indica- 
tions listed herein. 
Cyclacillin has less in vitro activity than other drugs of the 
ampicillin class. However, clinical trials demonstrated it is ef- 
ficacious for recommended indications. 
Serious and occasional fatal hypersensitivity (anaphylactoid) 
reactions have been reported in patients on penicillin. Al- 
though anaphylaxis is more frequent following parenteral 
use, it has occurred in patients on oral penicillins. These reac- 
tions are more apt to occur in individuals with history of sen- 
sitivity to multiple allergens. There are reports of patients 
with history of penicillin hypersensitivity reactions who ex- 
perienced severe hypersensitivity reactions when treated 
with a cephalosporin. Before penicillin therapy, carefully in- 
quire about previous hypersensitivity reactions to Sanu Pet 
cephalosporins and pi iig: allergens. If allergic reaction oc- 
curs, discontinue drug and initiate appropriate therapy. Seri- 
ous anaphylactoid reactions require immediate emergency 
treatment with epinephrine. Oxygen, I.V. steroids, airway 
management, jhichoallec intubation, should also be adminis- 
tered as indicated. 
Precautions Prolonged use of antibiotics may promote over- 
growth of nonsusceptible organisms. If superinfection occurs, take 
appropriate measures. 
PREGNANCY: Pregnancy Category B. Reproduction studies per- 
formed in mice and rats at doses up to 10 times the human dose 
revealed no evidence of impaired fertility or harm to the fetus due 
to cyclacillin. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, use this 
drug during pregnancy only if clearly needed 
NURSING MOTHERS: It is not known whether this drug is excreted 
in human milk. Because many drugs are, exercise caution when 
cyclacillin is given to a nursing woman. 
Adverse Reactions Oral cyclacillin is generally well tolerated. As 
with other penicillins, untoward sensitivity reactions are likely, 
penon in those who previously demonstrated penicillin 
ypersensitivity or with history of allergy, asthma, hay fever, or 
urticaria. Adverse reactions reported with cyclacillin: diarrhea (in 
approximately | out of 20 patients treated), nausea and vomiting 
(in approximately 1 in 50), and skin rash (in approximately 1 in 
60). Isolated instances of headache, dizziness, abdominal pain, 
vaginitis, and urticaria have been reported. (See WARNINGS) 
Other less frequent adverse reactions which may occur and are 
reported with other penicillins are anemia, thrombocytopenia, 
thrombocytopenic purpura, leukopenia, neutropenia and 
eosinophilia. These reactions are mally reversible on discontinu- 
ation of therapy. 
As with other semisynthetic penicillins, SGOT elevations have been 
reported. 
As with antibiotic therapy generally, continue treatment at least 
48 to 72 hours after patient becomes asymptomatic or until bacte- 
rial eradication is evidenced. In Group A beta-hemolytic strep- 
tococcal infections, at least 10 days’ treatment is recommended to 
guard against risk of rheumatic fever or glomerulonephritis. In 
chronic urinary tract infection, frequent bacteriologic and clinical 
appraisal is necessary during therapy and possibly for several 
months after. Persistent infection may require treatment for sev- 
eral weeks. 
Cyclacillin is not indicated in children under 2 months of age. 
Patients with Renal Failure Cyclacillin may be safely administered 
to patients with reduced renal function. Due to prolonged serum 
half-life, patients with various degrees of renal impairment may 
require change in dosage level (see DOSAGE AND ADMINISTRA- 
TION in package insert). 
Dosage (Give in equally spaced doses) 


INFECTION ADULTS CHILDREN” 
Respiratory 

Tract 

Tonsillitis & 250 mg q.i.d. body weight < 20 kg 
Pharyngitis (44 Ibs) 125 mg q.i.d. 


body weight > 20 kg 
(44 lbs) 250 mg q.i.d 
Bronchitis and 
Pneumonia 


Mild or 250 mg q.i.d 50 mg/kg/day q.i.d. 

Moderate 

Infections 

Chronic 500 mg q.i.d. 100 mg/kg/day q.i.d. 

Infections 

Otitis Media 250 mg to 500 mg 50 to 100 mg/kg/day? 
q.i.d.7 

Skin & Skin 250 mg to 500 mg 50 to 100 mg/kg/dayt 

Structures q.i.d.7 

Urinary Tract 500 mg q.i.d 100 mg/kg/day 


“Dosage should not result in a dose higher than that for adults. 
tdepending on severity 
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HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 
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MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate vety accurate 
Current measurements with readings 
statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are Compact and lightweight for use in 
office or operating room. 


Detailed information is available from — 


WR menica 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 








IEF SUMMARY 
JICATIONS: Relief of nasal 
ygestion or eustachian 

ye congestion. May be 

en concomitantly with 
algesics, antihistamines, 
»ectorants and antibiotics. 


NTRAINDICATIONS: Pa- 
nts with severe hyperten- 
n, severe coronary artery 
ease, and patients on MAO 
iibitor therapy. Contraindi- 
‘ed in patients with hyper- 
\sitivity or idiosyncrasy to 
npathomimetic amines 
lich may be manifested by 
omnia, dizziness, weak- 

ss, tremor or arrhythmias 


“hildren under 12: 
should not be used. 


Nursing Mothers: 
Zontraindicated because 
»f the higher than usual 
‘isk for infants. 


ARNINGS: Use judiciously 
d sparingly in hyperten- 
n, diabetes mellitus, 
hemic heart disease, in- 
‘ased intraocular pressure, 
perthyroidism or prostatic 
pertrophy. See, however, 
ntraindications. Sym- 
thomimetics may produce 
IS stimulation with convul- 
ns or cardiovascular col- 
se with accompanying 
potension. 


Do not exceed 
recommended dosage. 


e in Pregnancy: Safety has 
t been established. 


e in Elderly: The elderly 

) years and older) are 

ore likely to have adverse 
actions to sympathomi- 
tics. Overdosage of sym- 
thomimetics in this age 
oup may cause hallucina- 
ns, convulsions, CNS de- 
2ssion, and death. Safe 

2 of a short-acting sym- 
thomimetic should be 
monstrated in the indi- 
jual elderly patient before 
nsidering the use of a 
stained-action formulation. 


ECAUTIONS: Patients with 
abetes, hypertension, car- 
ovascular disease and 
perreactivity to ephedrine. 


AVERSE REACTIONS: Hyper- 
active individuals may dis- 
ay ephedrine-like reac- 

yns such as tachycardia, pal- 
tations, headache, dizziness 


nausea. Sympathomimetics 


ive been associated with 
rtain untoward reactions 
cluding fear, anxiety, tense- 
‘ss, restlessness, tremor, 
»akness, pallor, respiratory 
fficulty, dysuria, insomnia, 
sllucinations, convulsions, 
JS depression, arrhythmias, 
id cardiovascular collapse 
ith hypotension. 


RUG INTERACTIONS: MAO 
hibitors and beta adrener- 
c blockers increase the ef- 
cts of pseudoephedrine. 
‘mpathomimetics may re- 
ice the antihypertensive 
fects of methyldopa, 
ecamylamine, reserpine 
ıd veratrum alkaloids. 
\UTION: Federal law pro- 
bits dispensing without 
escriptien. 

ee package literature 
‘PDR for prescribing 
formation.) 


OW PHARMACEUTICALS 
e Dow Chemical Company 
Indianapolis, IN 46268 
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For relief of nasal and eustachian tube congestion 


pseudoephedrine HCI 


120 mg controlled-release decongestant 


ffective relief of congestion. 
Starts with the first hour... 
continues for 12 full hours. 
Without drowsiness. 
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Just one capsule every 12 hours. 
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SIXTH DANIEL C. BAKER, JR. MEMORIAL LECTURE 
INDUCTION OF CANCER BY DNA VIRUSES 


JAMES D. WATSON, PhD 


COLD SPRING HARBOR, NEW YORK 


The life cycles of the tumor virus $V40 and polyoma are discussed with particular emphasis on the role of the viral coded proteins 
which mediate the transformation of normal cells inte their cancerous equivalents. One or more of these proteins possibly act by 
stimulating directly the synthesis of cellular DNA, while others may mimic the action of polypeptide mitogens that act at the cell surface. 


How tumor viruses induce cancer has long been a 
classical puzzle for biologists. Until we knew what 
viruses were and began to understand the molecular 
tricks by which they replicated, there was no way to 
even superficially attack this problem. We have had 
to wait until most of the basic facts of molecular 
virology were worked out before we could even 
make intelligent guesses as to what was happening 
when infection by a tumor virus changed (trans- 
formed) a normal cell into the cancerous 
equivalent. 


Though at first we hoped for a unitary answer, 
the discovery that both DNA viruses (eg, wart vir- 
uses) and RNA viruses (eg, Rous sarcoma virus) 
could transform cells made us suspect that there 
might be many different ways by which viral-in- 
duced cell transformation occurred. Now as firm 
facts have begun to appear over the past decade, we 
see this to be the case, with the generalization 
emerging that the transforming activity of the DNA 
tumor resides in the properties of viral genes needed 
for their own replication. In contrast, the trans- 
forming potential of the RNA tumor viruses results 
from their having accidentally picked up mermal 
cellular genes that play no role in viral replication, 
but which when expressed at high levels change the 
cells in which they reside into cancer cells. 


The first tumor virus that looked suitable for the 
molecular biologist was the Shope papilloma virus. 
The warts which it produces on wild cottontail rab- 
bits are rich sources of infectious virus particles, and 
already by the late 1940s, through the work of Jos- 
eph Beard,’ we knew the molecular weight of the 
virus to be about 50 million and, from its DNA con- 
tent, its chromosome was estimated to have a mo- 
lecular weight of about 5 million. This suggested 
that papilloma DNA might be smaller than any 
other DNA molecule. So encouraged, John Lit- 
tlefield and I? did some preliminary work at 
Massachusetts General Hospital in 1959 measuring 
its sedimentation constant and observing its reversi- 


ble melting as a function of temperature. We did 
not use the EM to look at our molecules, however, 
and missed the crucial fact that they were circular. 
Moreover, the inability to work with the Shope 
virus in cell culture meant that most experiments of 
the type that intrigues the molecular biologist were 
out of our reach, and I retreated back to work on 
bacterial viruses, soon focusing on the very small 
RNA phages whose chromosomes at most could con- 
tain only several genes. 


Since then papilloma viruses have been im- 
plicated as the causative agents for warts in a varie- 
ty of animals as well as humans (Table 1), and they 
clearly should receive much more attention than 
they now get. Nonetheless, the great holdup re- 
mains of our inability to effectively either grow 
them in cell culture or routinely use them as 
transforming agents. With, however, the recent 
major advances achieved by Howard Green’s MIT 
lab’ in the growing of normal epithelial cells in 
culture, we may soon witness the development of 
good in vitro systems for work on the papilloma 
viruses. But for the time being, virtually all our 
hard data on tumor viruses comes from work on 
those viruses that animal virologists have been able 
to domesticate for routine work in cultured cells. 


In this lecture therefore I shall focus on the small 
monkey DNA virus SV40 (Fig. 1), whose tumoro- 
genous potential was discovered almost 20 years ago 
and on which we began intensive work at Cold 
Spring Harbor some 10 years ago. SV40 both repli- 
cates in and transforms cells that grow well in cul- 
ture, and with its close relative, the mouse virus 
polyoma, are the best understood viruses at the mo- 
lecular level. 


The key factor that intially led the molecular bi- 
ologists to devote so much attention to SV40 and 
polyoma was their small size. They are among the 
smallest of DNA viruses with their chromosomes be- 
ing circular DNA molecules (Fig. 2) made up only 


From the Cold Spring Harbor Laboratory, Cold Spring Harbor, New York. 
Presented at the meeting of the American Laryngological Association, Palm Beach, Florida. April 14-15, 1980. 
REPRINTS — James D. Watson, PhD, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724. 
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TABLE 1. HUMAN AND BOVINE PAPILLOMAS AND ASSOCIATED VIRUSES 


Observed Malignant 
Fapilloma Conversion Virus 


Human 





Common war (verruca vulgaris) - 3 Distinct types and 2 subtypes of the most prevalent type (HPV-1); 


the 2 additional types are designated HPV-2 and HPV -4 


Flat wart (vemuca plana) - l Distinct type HPV-3 


Epidermodysplasia verruciformis +++ 2 Distinct types HPV-3 and HPV-5 
Genital warts condyloma acuminatum) + Virus-specific DNA has been tentatively identified; at least 1 serotype 
revealed by indirect immunofluorescence 
“Juvenile” typ= of laryngeal papilloma + i 
Bovine 
Fibroepithelioma P 2 Distinct types, BPV-1 and BPV-2 
Epithelial wars P 1 Type (BPV-3) distinct from BPV-1 and BPV-2 


HPV - Humar papilloma virus; BPV - Bovine papilloma virus. 


of 5,200 base pairs. This fact led us to suspect they 
might contair only 3-7 genes. Even so, the possibili- 
ty of knowing their exact molecular sequences 
seemed a mest remote idea, conceivably two to 
three decade: away. Thanks, however, to the dis- 
covery of 1) enzymes that cut DNA molecules at 
specific points (the restriction enzymes, Table 2), 2) 
the development of electrophoretic methods for sep- 
arating the reulting fragments, and 3) the develop- 
ment of powerful, quick ways for nucleotide se- 
quence detemmination, the exact nucleotide se- 
quence of bota the SV40 and polyoma chromosomes 
are now known. They provide a wealth of key 
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Fig. 1. SV=0 particles seen on the surface of a nuclear 
membrane fragment of an SV40-infected CV-1 (monkey) 
cell. (From “ooze J, ed. DNA tumor viruses. Part 2, 
Molecular bidlogy of tumor viruses. Cold Spring Harbor: 
Cold Spring Harbor Laboratory, 1980. Reprinted with 
permission. ) 


molecular detail that not even the most optimistic 
of molecular virologists would have dreamed at- 
tainable a decade ago. 


With SV40 and polyoma, like all other DNA tu- 
mor viruses, no trace of infectious virus particles are 
seen within the cells they transform. This is not sur- 
prising, since when DNA viruses multiply in cells, 
they invariably kill them. So DNA tumor viruses on- 
ly transform “nonpermissive” cells in which they 
cannot carry out a complete infectious cycle (Table 
3). For example, in studying transformation by 
SV40, we infect, say, mouse or hamster cells, while 
when we wish to study the normal replication cycle 
of SV40, we employ a “permissive” monkey cell line 
like CV-1. In contrast to lytic multiplication which 
can occur in virtually all permissive cells, transfor- 
mation (Fig. 3) is a much rarer event, and we 
generally do not study the transformation event 
itself. Instead we focus attention on the properties 
of the transformed cell lines, hoping from their 
properties (Table 4) to work backward to the 
molecular events which initiate them. 


From the very start of molecular tumor virology 


TABLE 2. SOME EXAMPLES OF CLEAVAGE OF 
POLYOMA VIRUS DNA AND SV40 DNA BY RESTRICTION 
ENDONUCLEASES 


Sequence 
5’ —3’ No. of Sites 







Microorganism Abbrev. 3’ —5' Polyoma SV40 

B albidum Ball CGG!CCG 0 0 
GCCtGGC 

H parainfluenzae Hpal GTT! AAC 0 4 
CAA! TTG 

B amyloliquefa- BamI G!GATCC l l 
ciens H CCTAGIG 

E coli RY13 EcoRI G!AATTC l l 
CTTAAIG 

H aegyptius Haell RGCGCIY 2 l 
YI CGCGR 

H influenzae R, Hindll GTY! RAC 2 ti 
CARIYTG 

H influenzae R, HindIII  A!lAGCTT 2 6 
TTCGAIA 

H haemolyticus Hhal GCG!C 4 2 

Ct GCG 
H parainfluenzae Hpall C!CGG 8 ] 
GGCIC 
H aegyptius Haelll GG!CC 24 19 


CCI GG 
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Fig. 2. Electron micrograph of polyoma virus particles and DNA 
superhelical (form I) DNA; right) polyoma circular (form II) DNA. A single nick in the DNA converts form I to 
this micrograph, the same scale was used for viral particles and DNAs. 
tumor viruses. Part 2, Molecular biology of tumor viruses. 


Reprinted with permission.) 


in the early 1960s, our way of thinking was strongly 
influenced by earlier research on the bacterial vir- 
uses (bacteriophages). In the first place, we knew 
that certain phage chromosomes not only contained 
genes which specified their structural proteins, but 
also genes which functioned to ensure the replica- 
tion of their own nucleic acids. Conceivably the 
DNA animal viruses were similarly consteucted, 
carrying genes that would not only speed up the 
replication of their own chromosomes but also that 
of their host cell’s chromosomes. In the second place 
we had learned that phage chromosomes could be- 
come inserted into bacterial chromosomes under 
conditions where some of phage genes could func- 
tion. If tumor viruses’ chromosomes could similarly 
become part of their host cell’s chromosomes, some 
of these integration events might yield transformed 


TABLE 3. RESPONSE OF CELLS OF DIFFERENT SPECIES 
TO INFECTION BY SV40 AND POLYOMA VIRUS 


Infection 
by Palyoma 


Species Infection by SV40 Virus 


Human Semipermissive Nonpermissive 
Mouse Nonpermissive Permissive 
African green Permissive Nonpermissive 
monkey 

Rat Nonpermissive or semipermissive Semipermissive 
Guinea pig = Nonpermissive or semipermissive NT 

Rabbit Nonpermissive or semipermissive NT 

Cow Nonpermissive or semipermissive NT 

Hamster Semipermissive Semipermissive 
Lizzard Semipermissive NT 


NT - Not tested. 
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Cold Spring Harbor: Cold Spring Harbor Laboratory, 1980. 


cells because of the subsequent expression of the 
viral genes coding for DNA replication. 


The first strong hint that SV40 transformed cells, 
in fact, contained viral specific genes, came from 
observations of SV40 specific antigen found in 
transformed cells. Called the T(tumor) antigen, it 


TABLE 4. PROPERTIES OF CELLS TRANSFORMED BY 
SV40 OR POLYOMA VIRUS* 
a am 

Growth 
High or indefinite saturation densityt 
Different. usually reduced, serum requirementf 
Growth in agar or methocel suspension — anchorage inde- 
pendencet 
Tumor formation upon injection into susceptible animals 
Not susceptible to contact inhibition of movement 
Growth in a less-oriented mannert 
Growth on monolayers of normal cellst 


Surface 
Increased agglutinability of plant lectinst 
Changes in composition of glycoproteins and glycolipids 
Tight junctions missin 
Fetal antigens reveale 
Virus-specific transplantation antigen 
Different staining properties 
Increased rate of transport of nutrients 
Increased secretion of proteases or activatorst 


Intracellular 
Disruption of the cytoskeleton 
Changed amounts of cyclic nucleotides 


Evidence of virus 
Virus-specific antigenic proteins detectable 
Viral DNA sequences detected 
Viral mRNA present 
Virus can be rescued in some cases 


* Transformed cells show many, if not all, of these properties, which are 
not shared by untransformed parental cells, 


‘Several of these properties have formed 
cedures for isolating transformants. 


the basis of selection pro- 
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Fig. 3. Transformation of BHK-21 cells by polyoma virus. a) Colony illustrating the regular parallel arrangement of the 
elongated fibroblastic cells. b) Section of the colony shown in 3a stained with hematoxylin and eosin. c) BHL-21 cells 
transformed by polyoma virus, illustrating the random orientation of more rounded cells. d) Section of the colony shown in c 
stained with hematoxylin and eosin. (From Tooze J, ed. DNA tumor viruses. Part 2, Molecular biology of tumor viruses. 
Cold Spring Harbor: Cold Spring Harbor Laboratory, 1980. Reprinted with permission. ) 












Fig. 4. a) Actin cables revealed by indirect immunofluorescent microscopy in untransformed Rat-1 cells. b) Actin 
distribution in an SV40-transformed cell line (14B) derived from Rat-1 cells. c) Untransformed Rat-1 cells stained with 
hamster anti-SV40-tumor serum. d) $V40-transformed Rat-1 cells (14B line) stained with the same serum and revealing the 
nuclear localization of SV40 large T antigen. All the micrographs were taken at the same magnification. (From Tooze J, ed. 


DNA tumor viruses. Part 2, Molecular biology of tumor viruses. Cold Spring Harbor: Cold Spring Harbor Laboratory, 1980. 
Reprinted with permission.) 
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Fig. 5. Induction of enzymes involved with DNA syn- 
thesis following infection of permissive monkey ceils by 
SV40 virus. Before these cellular-coded enzymes appear, 
synthesis of the viral-specific protein, the “T” nuclear an- 
tigen, has begun. (From Watson JD. Molecular biolegy of 
the gene. 3rd ed. Menlo Park: WA Benjamin, 1976. Re- 
printed with permission.) 


was observed not only in transformed cells (Fig. 4) 
but also was present in the monkey cells during 
SV40 replication. Most importantly, the T antigen 
bore no relation to any protein used to make up the 
viral capsid and so was not a structural protein. It 
might then be an enzyme involved, needed in DNA 
replication, a hypothesis strengthened by the fact 
that appeared only in the viral life cycle before viral 
DNA replication started (Fig. 5). Moreover. it was 
located almost exclusively in the nucleus, the site of 
all viral DNA synthesis as well as of normal chrom- 
osomal DNA synthesis. Likewise, in SV40 trans- 
formed cells the T antigen was exclusively located 
in the nucleus. 


If this way of thinking is correct, we should ex- 
pect to find direct evidence for the presence of SV40 
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Fig. 6. Cleavage map of SV40 DNA. Enzyme-producing 
single scissions of SV40 DNA are noted inside the circle; the 
EcoRI site is defined as the zero coordinate. Each concen- 
tric ring shows sites of cleavage by individual enzymes. 


first came from work in Dulbecco's Salk Institute 
lab* that showed the presence of not only $V40 
specific messenger RNA, but also of SV40 DNA inte- 
grated into large pieces of host chromosomal DNA. 
Cell transformation thus appeared to be due to the 
insertion of viral specific genes into host chromo- 
somes, and their subsequent functioning to produce 
viral specific proteins like the T antigen. 


To go further in this analysis required the work- 
ing out of the fundamental events in the lytic cycle 
through which SV40 DNA was replicated and the 
synthesis of the viral specific protein was insured. 
Here we were effectively stymied until the restric- 
tion enzymes became available to cut DNA at 
specific sites. We could then produce and isolate 
small chromosomal fragments whose arrangement 
within the circular SV40 chromosome could be pre- 
cisely defined (Fig. 6). Given these fragments it was 





mas 
Ka: 
rao 





494 JAMES D. WATSON 


possible to loea_ize a single site at which DNA 
replication commenced (the origin) (Fig. 7) as well 
as to show that the SV40 messenger RNA molecules 
were divided into two classes, one (the early mRNA) 
which apparently coded for only the T antigen, the 
other (the late mRNA) which coded for the viral 
capsid proteins used in the construction of the viral 
particles (Fig. 3) The early mRNA was synthesized 
counterclockwise from the origin, while the late 
mRNA was synthesized in the clockwise direction. 
The early and ‘ate mRNAs thus came from mutual- 
ly exclusive RNA regions, each occupying approxi- 
mately one half the genome. 


When similar experiments were done on trans- 
formed cells, only the early T antigen coding mRNA 
was found. In contrast, no late mRNA was found in 
agreement with the fact that no structural (late) 
proteins are found in transformed cells. Con- 
ceivably the onlv protein mediating cell transfor- 
mation was the 7 antigen since its size as revealed 
by its movement on SDS gels (Fig. 9) was in the 
neighborhood of 100,000 molecular weight (MW) 
corresponding to virtually all the coding capacity 
contained within the early DNA region. 


Clearly the T antigen had to be studied as a pure 
protein, but this was not initially easy since it is 
present in only very small amounts either during 
lytic infection or in transformed cells. Only when 
certain hybrid SV40 adenovirus particles were 
found here at Cold Spring Harbor to produce much 
larger amounts cf T antigen could it be properly 
studied as a molecular entity. Then Bob Tjian‘ 
could definitively show that the T antigen bound 
specifically to several specific sites around the origin 
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Fig. 8. The circular chromosome of SV40 sag 
showing its three genes, the initiation points for DNA 
replication, and the transcription pattern of its early and 
late genes. (From Watson JD. Molecular biology of the 
gene. 3rd ed. Menlo Park: WA Benjamin, 1976. Reprinted 
with permission.) 


Fig. 9. Immunoprecipitations from monkey (CV-1) cells 
Iytically infected with SV40. Cells were starved from 
methionine one hour prior to labelling with 250 uCi?*‘S- 
methionine. After incubation with radioactive label for 
one hour, the cells were disrupted and their proteins 
precipitated either with a rabbit immune serum directed 
against the SV40 large T-related protein purified from 
Ad2**D2 or with hamster anti-SV40-tumor serum. The 
anti-D2 serum recognizes only the large T protein, while 
the anti-tumor serum recognizes both Vices T and small t 
(data of W. Topp, Cold Spring Harbor Laboratory). 


of DNA replication. This was a most pleasing result, 
since Tjian, with Fey and Graessman, furthermore 
could show using microinjection experiments that 
the presence of T leads to the initiation of cellular 
DNA synthesis as well as of SV40 DNA. The nucleo- 
tide sequences at which cellular DNA synthesis is in- 
itiated thus must closely resemble those at the SV40 
origin. 


At the molecular level, how T antigen stimulates 
the initiation of DNA synthesis is still unknown. 
Our only clue is the presence of ATPase activity in 
highly purified T antigen. A similar activity is 
found on certain proteins involved in the replication 
of phage DNA, and hopefully through the use of in 
vitro systems derived from mammalian cells the ex- 
act step where T antigen acts can be elucidated in 
the not too distant future. 


It was thus almost possible to believe that the en- 
tire role of SV40 in transformation lay through its 
ability to initiate DNA synthesis, thereby giving to a 
cell blocked before DNA synthesis the capacity of 
double its DNA and to go through a complete cell 
cycle to yield two daughter cells. But a bad snag to 
this idea arose in late 1976, when SV40 mutants 
were found that were unable to transform well but 
which multiplied normally in monkey cells and in- 
duced normal complements of T antigen. This sug- 
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gested that a still undiscovered protein might be the 
key to the transformed phenotype, a most bother- 
some idea, since the T antigen seemed to require all 
the “early region” to code for all its some 900 amino 
acids. 


The resolution of this paradox came in the spring 
of 1977 from the discovery of RNA splicing. 
Through this process a given primary RNA trans- 
cript can be so modified to give rise to several dif- 
ferent smaller mRNA molecules, each coding for a 
different protein. Within a month after the 
discovery of adenovirus splicing this phenomenon 
was extended to SV40 where it was shown that the 
early as well as the late transcripts have several 
splicing pathways, each generating one specific 
protein product (Fig. 10). Through splicing, the 
early SV40 region gives rise not only to T (large) 
MW 100,000 but to t (small) MW 17,000. It is t 
which is functionally absent in cells infected with 
the replicating nontransforming mutants, and so t 
must play a vital role in transformation. Mere stim- 
ulation of the initiation of DNA synthesis is thus not 
by itself sufficient to make cells cancerous. 


In contrast to T, t is not located in the nucleus, 
but at a cytoplasmic site yet to be determined. Up 
until now t has not been sufficiently purified to let 
the protein chemist study it, but this should happen 
soon. Our main clue so far is that in absence of t, 
but in the presence of T, the recipient cells resemble 
normal cells and do not take up the less adhesive, 
rounded eharacter of the truly transformed cancer 
cell (Fig. 4). This “roundness” reflects the absence 
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Fig. Þ0. Schematic representation of SV40 genome in- 
dicating locations of some principal features. The genome 
is represented as a circle with the origin of replication at 
the top. (From Tooze J, ed. DNA tumor viruses. Part 2, 
Molecular biology of tumor viruses. Cold Spring Harbor: 
Cold Spring Harbor Laboratory, 1980. Reprinted with 
permission.) 


of the large actin-myosin-containing stress fibers 
that are so characteristic of the flattened adhesive 
normal cells. We can thus hypothesize that “t” by 
somehow interfering with a normal cytoskeletal 
component mimics a normal mitogenic stimuli that 
lets a cel! move from G, into the S (DNA synthesis) 
phase of the cell cycle. 


Here we should note the parallel with recent re- 
sults on the Rous sarcoma virus whose integrated 
presence also leads to rounded cells. Its “sare” gene 
codes for a 55,000 MW protein that acts within the 
cytoplasm most likely after combining with (insert- 
ing into) the cytoplasmic surface of the exterior 
plasma membrane. 


We must also ask whether, in fact, T is at all ne- 
cessary for cell transformation, as distinct from its 
unambiguous necessity for viral DNA replication. 
Here the answer for SV40 is most probably yes, 
since in order for fragments of SV40 DNA to 
transform DNA, they must contain all the DNA se- 
quences needed to encode T. But for its close 
relative polyoma it now seems totally clear that T 
plays no essential role in transformation. A decisive 
experiment here uses recombinant DNA procedures 
to create hybrid DNA molecules lacking sufficient 
DNA sequences to code for polyoma T, but contain- 
ing all the bases needed to make polyoma t. Cells in- 
fected with such DNAs can be transformed to yield 
stable clones capable of growing in agar (a key 
diagnostic feature of the transformed cell), and 
which lack significant numbers of the actin-myosin- 
containing stress fibers. The situation is here com- 
plicated by the fact that polyoma codes for still 
another protein from the early region that is called 
middle T. What middle T does is totally obscure ex- 
cept for the tendency to associate with the outer 
plasma membrane. There it somehow is able to gen- 
erate a cell-mediated immunological response that 
can prevent tumors forming in mice containing 
polyoma transformed cells. Somehow SV40 T also 
leads to a protective cell-mediated immunological 
response that may explain why SV40 infection so 
seldom leads to cancers within the animals it in- 
fects. This suggests that the SV40 T must also as- 
sociate sometimes with the plasma membrane, but 
of this we yet have no evidence. 


Clearly we also have to learn much more about t, 
asking among other things why it is always coded in 
native SV40 DNA even though it is not necessary for 
viral replication in cells in culture. One possible 
answer is that in nature SV40 often infects non- 
dividing cells which are blocked in from further 
DNA synthesis. Such cells may only be unleashed to 
make any DNA by the receipt of a mitogenic signal. 
Conceivably even with T present, the many other 
enzymes needed to carry out DNA synthesis are not 
present unless a t-like molecule has acted. We might 
ask here whether t mimics a normal cellular gene 
product that works only at specific times in the cell 
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cycle, say in G,. If that is the case, then t is likely to 
be evolutionarily derived from such a protein. 


In so suggesting that a viral gene has an ancestral 
origin in a cellular gene, we are much influenced by 
a very recent result obtained by David Lane at Cold 
Spring Harbor.‘ In order to better define chemical- 
ly T, he has generated a number of different hy- 
bridomas, each yielding a monoclonal antibody 
specific for T. Most of these, as expected, showed no 
cross reactivity for any normal cell component. 
One, however, to our initial surprise, yielded an- 
tibodies which bind also to a “normal” cell protein 
of MW 80,000 that is found in the nucleus and 
whose amount increases in cells transformed by a 
variety of carcinogenic agents. This cross reaction 
could possibly be accidental. We prefer to believe 
that all normal cells contain a T-like molecule 
which functions to initiate DNA synthesis in normal 
cells. If this is the correct hypothesis, then it seems 
simplest to assume that the T represents a modified 
cellular protein whose gene has been positioned 
within the viral chromosome in a way that op- 
timizes its appearance during the early phase of the 
lytic cycle. 


The exquisitely powerful tools now available to 
the molecular biologist also let us ask whether by in- 
tegrating into kuman chromosomes a given DNA 
tumor virus is a significant cause of cancer. Here the 


evidence for SV40, as well as the closely related 
human viruses BK and JV, looks largely negative. 
While several positive claims have been made over 
the past five years, one in particular for men- 
ingiomas, they have not been repeatable. These 
negative results are not the result of the lack of 
suitable human infections, since virtually all adults 
have been infected with and are carriers of BK and 
JV viruses. Since it could be most surprising if some 
human cells were not transformed by either BK or 
JV. we suspect they fail to generate such tumors 
because the presence of T invariably leads to an im- 
munological response. Given the increasingly so- 
phisticated experiments made possible by recombi- 
nant DNA techniques, we are now in a position to 
answer this question. Hopefully, within several 
years our effective immunity to transformed cells 
generated by $V40-like viruses will be explained. 


To conclude, we thus see that by studying tumor 
viruses at the molecular level, we may be also com- 
ing to grips with many of the key events involved in 
the transversal of a cell through the cell cycle. 
Hopefully, we shall soon isolate key cell-cycle pro- 
teins whose very existence we might have remained 
ignorant of had we not so heavily focused on tumor 
virology. Thus, even if SV40-like viruses turn out 
not to be the cause of much human disease, they 
may remain increasingly indispensable for the seri- 
ous study of the cancerous state. 
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One hundred and forty cases of papilloma of the larynx and tracheobronchial tree are documented in the records of the Childrens Hos- 
pital of Los Angeles. The records of 90 patients were available and were reviewed intensively. The method of direct laryngoscopy with 
general anesthesia using apneic technique in most patients and intubation in some was an adequate method of treating patients with 
laryngeal papillomata. A general anesthetic was never used where obstruction was severe and the airway could not be controlled. The low 
incidence of papilloma of the tracheobronchial tree and an absence of parenchymal lung seeding in this series is attributed to the avoidance 
of a tracheotomy and fewer intubation anesthetics thus avoiding trauma to the trachea and bronchi. The immediate removal of the 
tracheotamy tube seems an alternative if the surgical procedure had been performed. In the patients in this series decannulation was ac- 
complished in a very short period of time. The establishment of an airway seems to be a priority in the treatment of this disease and this can 
be accomplished by repeated endoscopic procedures rather than tracheotomy. Statistics are given, and prognosis based on the type of lesion 


and histapathology is documented. 


INTRODUCTION 


Ubiquitous but not a common laryngeal lesion in 
children, treacherous in its potential, defying all 
forms of treatment, eluding successful research into 
its cause, papilloma of the larynx remains a serious 
challenge to the clinical laryngologist. The most 
common benign tumor of the child’s larynx, papil- 
loma causes serious compromise of the important 
functions of the larynx and is a potential threat to 
the life of the child it invades. Papilloma of the 
larynx and tracheobronchial tree is responsible for a 
very high degree of morbidity and economic cost in 
this country as well as in other countries world- 
wide. 


This retrospective study reviews the charts of pa- 
tients with papilloma of the larynx and tracheo- 
bronchial tree, treated at the Childrens Hospital of 
Los Angeles (CHLA) in the prelaser days. All of the 
patients in this study were treated with cup or Pat- 
terson forceps removal of the tumor by direct laryn- 
goscopy under general anesthesia either using apne- 
ic technique or less often intubation. A general an- 
esthetic was not used when severe airway obstruc- 
tion was encountered. 


In a chapter on papilloma of the larynx in The 
Practice of Medicine,' published in 1897. the pro- 
posed treatment for papilloma of the larynx was the 
use of “causticum, sanguinaria, thuja, belladonna, 
calcarea phosp, conium silicea and when all else 
failed surgery.” The authorities of that day felt 
surgery should be used only when the tumor threat- 


ened the airway but reminded the reader that sur- 
gery caused these tumors to recur more rapidly. 


A review of the more recent literature indicates 
very little has changed in regard to the many and 
varied forms of medical, physical and surgical 
forms of therapy which have been suggested in 
dealing with this most frustrating disease. That 
treatment is no closer to a cure is disappointing in 
the light of remarkable advancements which have 
been made in basic immunological research and 
medical technology. Surgical extirpation remains 
the essence of therapy and will remain so until a 
cure is found. 


As documented almost 100 years ago! and still re- 
maining a mystery, it is unknown why papilloma 
will suddenly disappear or regress in some patients 
regardless of the form of therapy which was in- 
stituted. 


REVIEW OF LITERATURE 


Etiology. The most likely cause of laryngeal 
papilloma is viral.’ It is thought to be produced by a 
double-stranded tumor-producing DNA-containing 
virus belonging to the papovavirus group. Zur Han- 
sen? distinguishes between juvenile and adult 
papilloma as follows: 1) that virus particles are 
sometimes demonstrable in the juvenile form but 
not in the adult, 2) that transmissibility by experi- 
ment has been possible in the juvenile and not in the 
adult type, 3) that malignant transformation is 
common in the adult but rare in the juvenile form 
except after irradiation, and 4) that the type of 
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human papovavirus 1, 2, 3, 4 has not been deter- 
mined while virus-like particles have been de- 
scribed repeate lv in juvenile forms of papilloma. 
“Most of these findings do not withstand a severe 
scrutiny and are rot sufficiently distinguished from 
other nuclear inclusions such as perichromatin 
granula which ere thought to be inactive chromatin 
found in most n ac-ei in varying amounts. 


Spoendlin am Kistler* point out that in rapidly 
growing papillema, the virus is less likely to be 
found than in slow-growing lesions such as skin 
warts in which he virus is frequently demonstrated 
and a high tend=ncy to cure rate is known. Critical- 
ly minded authcrs have been unable to demonstrate 
the virus in juvenile laryngeal papilloma either in 
extracts or in Gectron microscopy sections. They 
conclude that tae papovavirus in laryngeal papil- 
loma exists most of the time as invisible genomes in 
the nuclear chromatin and that the mature virus 
particles are only found under certain, thus far not 
well-defined concitions. They conclude that the 
viral theory remains the etiology of papilloma of the 
larynx in theory only.* 


Ullman’ and Ishikawa,® were able to transfer 
children’s |arynzeal papilloma to laboratory ani- 
mals and to the human skin using a filtrate of 
papilloma tissue Holinger et al’ gave some evidence 
of the viral theery by serological tests, animal in- 
oculations and t ssue cultures. 


Boyle et al* p-oduced strong evidence to support 
the viral theory showing the presence of virus-like 
particles similar n configuration to the papovavirus 
in lesions removed from patients. 


Ahmed? reviews the literature regarding nuclear 
bodies in laryngeal papilloma and states there is a 
suggestion that there is a relationship between the 
presence of nucear bodies and viruses. He, how- 
ever, points out that while his studies provide fur- 
ther support for a viral theory, “present observa- 
tions do not permit any conclusion to be drawn con- 
cerning the exac relationship of nuclear bodies to 
papilloma virus ether than that it may be associated 
with some stage of virus formation.” He suggests 
further studies such as tissue culture, morphological 
and histochemieal, be carried out to establish 
whether there 5 indeed a relationship between 
nuclear bodies and papilloma virus and how these 
nuclear bodies a-e formed and what their fate may 


be. 


Many other etiological agents such as endocrine 
factors, allergy, mfection, chronic irritation, racial, 
sexual, geograrmnic, abnormalities of calcium, 
magnesium or <inc metabolism, are all factors 
which have never been consistently proven in any 
large series of paients. 


Therapeutics. The literature has been rampant 
with offers of potentially hopeful curative mea- 
sures. The most eommon form of therapy has been 


surgical, at times conservative and at other times 
very radical. The most common surgery is en- 
doscopic removal with forceps with other forms 
such as microlaryngeal cautery, laser surgery, lar- 
yngofissure and tracheotomy. The latter surgery 
once was suggested in order to place the larynx at 
complete rest but at this time most laryngologists 
will do this procedure only to protect the airway 
rather than for any effect it may have on the in- 
tralaryngeal disease. 


Tetracycline, advised by Holinger et al,’ has not 
proven beneficial as at first had been hoped. Cor- 
ticosteroids'® have been discarded. Estrogen’ and 
podophyllin’ applied locally and magnesium and 
calcium given systemically’? have been disappoint- 
ing. Immunological measures such as local injection 
of smallpox vaccine'* and bovine vaccination’ have 
given poor results and have been proven harmful. 


Of the physical methods, electrocautery’ has 
been used but may result in permanent damage un- 
less used extremely carefully. Ultrasound'® has some 
enthusiastic supporters but has not been universally 
accepted. 


Cryosurgery”’ has been used with varying degrees 
of success. Miller'® cautions that cryotherapy in 
children without a prior tracheotomy should be 
avoided. The CO, laser is now preferred by many in 
the field of laryngology and is probably the most ac- 
curate for removing small lesions in crucial areas of 
the larynx.'® It, however, like all other methods 
may produce serious damage if used injudiciously 
and has not reduced the recurrence rate significant- 
ly. 


METHODS 


Although the records at CHLA show there were 140 patients 
who were admitted with the diagnosis of papilloma in the larynx 
and tracheobronchial tree, only 90 charts were available for 
review. Because as in all retrospective studies certain data were 
desired but not documented, the statistical analysis of the group of 
patients in this study was not complete in a number of aspects of 
this study. Therefore it was not possible to document the birth 
history of the patient nor whether the mother had condylomata. 
Also, because of the number of years which have passed since 
many of these patients were treated, the follow-up was not 
always possible. 


The following items could be completely studied in the group 
of patients: the age at onset of symptoms, sex and race, birth- 
place, symptoms which led to the diagnosis, other sites of involve- 
ment by papilloma, patients with tracheotomy, the presence of le- 
sions in the tracheobronchial tree, the site and type of papilloma, 
preoperative diagnosis, the histological presence of atypia and its 
effect on the prognosis, complications, the number of procedures, 
the time of resolution, method of treatment and anesthesia, and 
the mortality. 


STATISTICAL ANALYSIS 


Of the total of 90 patients whose charts were 
available and were reviewed, 47 were male and 43 
were female. Unfortunately the birth history, type 
of delivery, and absence or presence of venereal 
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TABLE L INCIDENCE OF LARYNGEAL PAPILLOMA 
ACCORDING TO SEX AND RACE 


Sex No. Race No. 
Male 47 White 75 
Female 43 Black 14 

Mixed l 


warts in the mother were not documented. Only 
one child whose mother had vaginal condylomata 
was noted to have been born by vaginal route and 
had perineal warts and papilloma of the larynx 
with onset of symptoms at birth. 


Of the 90 children, 75 were white, 14 were black 
and 1 was mixed. There were no Orientals in this 
study. While the birthplace of most of the patients 
was California, patients in the study and referred 
for therapy came from many other states in the 
north, south, east and midwest areas. No 
geographic significance could be elicited (Table 1). 


SYMPTOMS 


The most common symptom was voice change, 
occurring in 81 (90% ) of the patients. It was usually 
moderately severe and progressive and in some 
children aphonia was present. Airway obstruction 
was documented in 40 (44%) of the children, but 
varied from moderate to very severe, some children 
requiring immediate attention. Stridor was docu- 
mented in 35 (39%) of the patients and in many of 
these children the treatment prior to the accurate 
diagnosis was misdirected to croup, allergy or 
asthma (Table 2). 


TABLE 2. LARYNGEAL PAPILLOMA: SYMPTOMS (N = 90) 





No. % 
Voice change 81 30 
Airway obstruction 40 44 
Stridor 35 39 


SITES OF PAPILLOMA OTHER THAN LARYNX 


In addition to their laryngeal papilloma, ten chil- 
dren had palatal lesions, two had lesions in the ton- 
sil area, three had tracheobronchial lesions, one on 
the skin of the hand and one had papillome cover- 
ing her perineum. These lesions responded to treat- 
ment much more rapidly than the laryngeal papil- 
loma. It is noteworthy that no parenchymal lung le- 
sions were seen in this series of patients (Table 3). 


TRACHEOBRONCHIAL PAPILLOMA 


Only three patients were found to have tracheal 
and bronchial papilloma, an exceedingly low inci- 
dence in a large series of patients. A breakdown of 
these patients is of interest. Tracheobronchial 
papilloma are rare in patients without laryngeal le- 


TABLE 3. LARYNGEAL PAPILLOMA: OTHER SITES 


Palate 10 Tracheobronchial 3 
Tonsil 2 Skin l 
Pharynx l Perineum l 


TABLE 4. LARYNGEAL PAPILLOMA: 
TRACHEOBRONCHIAL LESIONS* 





Primary without laryngeal lesion l 
Laryngeal without tracheotomy ] 
Laryngeal with tracheotomy{ ] 


*No pulmonary lesions. 
tOne bronchogenic CA. 


sions and uncommon where a tracheotomy has not 
been performed. 


One child, an 8'/,-year-old female had a perfectly 
normal larynx, no other papilloma in the body, and 
had severe stridor for many years diagnosed as em- 
physema. At bronchoscopy she had almost total ob- 
struction of her trachea by a large papillomatous 
mass which was cored out and with two endoscopic 
procedures was apparently cured. One year later 
another bronchoscopy was performed and the tra- 
chea and bronchi were found to be normal. One of 
the patients who had many procedures performed 
elsewhere for the removal of laryngeal papilloma, 
who had been intubated repeatedly for the laryn- 
geal surgery, developed wheezing and airway ob- 
struction and was found to have a large number of 
papilloma in the trachea and right bronchus. He 
responded to three procedures with complete reso- 
lution and is now free of disease for over two years. 
The third patient with tracheobronchial papilloma 
following a tracheotomy, and who had never been 
irradiated, developed transformation to a bron- 
chogenic carcinoma and succumbed from meta- 
static disease at age 20 years.”° His laryngeal lesions 
had been controlled for many years (Table 4). 


AGE AT ONSET OF SYMPTOMS 


The age at the onset of the papilloma could be 
correlated with the age at the onset of symptoms. 
The symptoms such as voice change, stridor and/or 
airway obstruction were most prominent. Twenty- 
one patients developed symptoms between birth 
and six months of age. Fourteen patients developed 
symptoms between one to two years of age and 12 
patients developed symptoms between three to four 
years of age. Sixty-one (68%) of the children had 
symptoms of papilloma prior to four years of age. 
Decreasing frequency of the disease, as evidenced 
by the development of symptoms, occurred as the 
child became older than six years. Only one child 
had his onset of symptoms between ages 10 and 11 
(Table 5). 


TRACHEOTOMY 
Of the patients who received all of their treat- 


TABLE 5. AGE AT ONSET OF SYMPTOMS 


Birth-6 Mo 21 o- 6 Yr 3 
7-12 Mo 8 6- 7 Yr 2 
l- -2 Yr 14 7- 8 Yr 2 
2- 3 Yr 6 8- 9 Yr 2 
3- 4 Yr 12 9-10 Yr 2 
4- 5 Yr 3 10-11 Yr ] 
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TABLE 6. LAR”7NGEAL PAPILLOMA: TRACHEOTOMY* 
CHLA 4 ( 4%) 
Elsewhere 9 (10%) 


*All decanrulatec except 1 who was treated a short period of time and 
moved. 


ment at CHLA only four were tracheotomized. One 
child wes tracheotomized on the ward soon after 
admissior because of coma and asphyxia. Soon after 
the diagmosis of papilloma was confirmed by direct 
laryngoscopy and treatment was instituted, he was 
decannulated and he made an uneventful recovery. 
One child was admitted for airway obstruction mis- 
diagnosed as croup, and was tracheotomized only 
to find that he had papilloma. He was decannulated 
when his cordition stabilized and after surgical 
management of the papilloma underwent reso- 
lution. Another patient, the third in this series, was 
tracheotomized for a rhabdomyolysis after anesthe- 
sia and succumbed to his disease. He had no papil- 
loma at the tine of his death. The fourth patient re- 
quired a trachectomy for the treatment of tracheal 
obstructicn due to an associated tuberculous com- 
pressive and invasive tracheal lesion. He was lost to 
follow-up after being transferred to a tuberculosis 
sanitorium. 


Eight of the nine patients who were referred for 
treatment wita a tracheotomy in place performed 
elsewhere, were decannulated within one to two 
months a:ter surgical therapy for their laryngeal 
papilloma. Tre ninth patient with a tracheotomy 
and tracheal papilloma was lost to follow-up and is 
being treated -n a midwestern children’s hospital. * 
For the past ten years a tracheotomy has not been 
performed for the treatment of this disease at 
CHLA (Table 6). 


ERRORS OF DIAGNOSIS 


Less than one third of the patients had a correct 
diagnosis made prior to direct laryngoscopy. The 
usual erroneous diagnoses were vocal nodules, vocal 
paralysis, bronchitis, asthma, allergy, croup, tra- 
cheoesophageal fistula, obstructive tonsils and ade- 
noids, anc larengomalacia. Two children had ton- 
sillectomies and adenoidectomies performed for air- 
way obstrcticn. In both of these children the air- 
way obstructicn was in actuality due to laryngeal 
papillomacosis In older children indirect laryn- 
goscopy with « positive diagnosis was occasionally 
possible. It wes quite clear in this study however 
that diree: laryr.goscopy was the only method of 
making a correct diagnosis (Table 7). 


TABLE 7. LARYNGEAL PAPILLOMA: INITIAL DIAGNOSIS 


Nodules TEF 

Vocal paralyss Obstructive T&A 
Bronchitis Laryngomalacia 
Asthma Emphysema 
Allergy Croup 


TEF - Tracheossophageal fistula. 


*Belenky W. Personal communication. 


TABLE 8. LARYNGEAL PAPILLOMA: TYPE OF LESION 





SL ML MD 
Total no. 13.0 6.0 60.0 
Mean no. procedures 3.8 12.8 15.9 
Mean age onset (yr) 2.8 3.0 3.2 
Mean duration of symptoms (yr) 3.2 11.9 5.34 


SL - Solitary local; ML - Multiple local; MD - Multiple diffuse. 


TYPE OF LESION AND COURSE OF DISEASE 


The lesions in the larynx were divided into soli- 
tary local, multiple local, and multiple diffuse. 
Thirteen patients with solitary localized lesions had 
an average number of procedures of 3.8. The mean 
age at onset of symptoms in this group was 2.8 years 
and the mean duration of symptoms was 3.2 years. 


There were six patients in the multiple localized 
laryngeal lesions. This group had an average of 12.8 
procedures with a mean age at onset of symptoms of 
three years and a mean duration of symptoms of 
11.9 years. 


Sixty patients with multiple diffuse lesions were 
in the majority and had an average of 15.9 pro- 
cedures. The mean age of onset was 3.2 years and 
the mean duration of symptoms was 5.34 years. 
While these figures may not be statistically valid, it 
would appear that the solitary localized lesion oc- 
curred in the younger child and these patients may 
undergo resolution at an earlier age and would re- 
quire fewer procedures. The least common, those 
with multiple localized papilloma, carried the 
poorest prognosis with symptoms lasting the longest 
of the three groups. Fortunately this was the least 
common of the three types. 


The most common form, the multiple diffuse le- 
sions, occurred in most of the patients, required the 
largest number of procedures, but resolved at a 
much earlier age (Table 8). 


HISTOLOGICAL CONSIDERATIONS 


Since there was good documentation of the pa- 
thology by the Surgical Pathology Division, the re- 
sults were reviewed. In almost all cases biopsies 
were taken at each procedure. The usual pathology 
was “papillary formation composed of stratified 
squamous epithelium on a fibrovascular core.” If 
nuclear atypia was present, this was so stated in the 
report of the pathologist. Seventy-six of the 90 pa- 
tients had reports which could be analyzed. Forty 
percent (36) showed atypia in their biopsies quite 
frequently. Fifty-one (56%) showed no atypical 
nuclei. The patients with atypia had a total of 896 
procedures with an average of 25. The patients 
without nuclear atypia had 406 procedures or an 


TABLE 9. LARYNGEAL PAPILLOMA: HISTOLOGY 
Atypia No Atypia 


Patients 36 (40% ) 51 (56%) 
Procedures 896 406 
Mean 25 8 
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TABLE 10. LARYNGEAL PAPILLOMA: COMPLICATIONS 
OF FORCEPS REMOVAL 





Webs 9 (10%) 
Hoarseness 10 (11%) 
Laryngeal stenosis 4 (4.5%) 
Keel surgery 2 


average of 8 per patient. Thus, atypia was 
associated with three times more procedures than 
the patients in the nonatypia group (Table 9). 


COMPLICATIONS OF FORCEPS REMOVAL 


Forceps removal of papilloma, while common- 
place and effective, produces complications. Many 
of the patients in this group had been referred after 
having had initial or multiple procedures per- 
formed elsewhere. As in all forms of therapy, the 
potential scarring, usually from excesses of the 
method, is hazardous to the larynx, resulting in 
voice change or obstruction of varying degrees. 


In nine of the patients, webs formed in the anteri- 
or commissure usually from injudicious use of 
forceps and denuding of both vocal cords at the 
same time. Of the 10% of these patients only two 
required keel surgery. These were some of the earli- 
est patients treated in this series. Ten patients 
(11%) had hoarseness of varying degrees, one quite 
severe and still under treatment. Laryngeal stenosis 
occurred in four patients (4.5%) but was never se- 
vere enough to require tracheotomy or intralaryn- 
geal treatment. Obstruction was never severe enough 
to produce functional disability (Table 10). 


NUMBER OF PROCEDURES 


The number of procedures varied with the-age of 
onset, type of laryngeal papilloma and the degree of 
obstruction. The smallest number required for 
resolution was two procedures in one infant while 
110 procedures were required in one female child. 
Another patient (male) had 109 procedures and suc- 
cumbed from metastases secondary to transforma- 
tion to bronchogenic carcinoma. The total number 
of procedures among the 90 patients was 1,047, an 
average of 11.8 procedures per patient. However, 
this figure is meaningless since eliminating those 
that had the largest number of procedures would 
bring this number down to a mean of nine. Also, 
many of the procedures were for follow-up care and 
no treatment in many of the children was necessary 
when they were found to be free of disease (Table 
hi}. 


RESOLUTION OR CURE 


As previously stated and well known ameng lar- 
yngologists, the disease can recur after years of be- 
ing quiescent. One of the patients, a black female, 
was free of disease for two years and returned with 
massive papilloma. The recurrences were eradi- 
cated with three procedures and she is now still be- 
ing followed. Thirty-three patients, or approx- 


TABLE 11. LARYNGEAL PAPILLOMA: NUMBER OF 


PROCEDURES 
——o—oooo——rrrrwrwmnmnwyrurhmmo0D0N9DDaomo Sooo 
Total no. 90 patients 1047 
Smallest no. 2 
Largest no. 110 (1 F) 


109* (1 M) 


* Developed bronchogenic CA — No irradiation. 


imately 30%, were followed for a sufficient length 
of time to be able to say that they had undergone 
resolution. This group was followed for at least two 
years and is known to have been free of disease. 
Many of the patients had no papilloma when they 
were last seen but their follow-up was of insuffi- 
cient length of time to regard them as having 
undergone resolution. 


SURGERY AND ANESTHESIA 


The methods of anesthesia varied among the 
three principle operators who followed these pa- 
tients. Seven hundred and sixteen of the procedures 
were performed with the apneic technique. Two 
hundred and ninety-eight procedures were per- 
formed with intubation anesthesia and 21 pro- 
cedures were performed with the anesthetic being 
given through the tracheotomy tube. When severe 
obstruction of the airway was present the bulk of 
the tumor was removed without anesthesia and 
when the airway was secure the general anesthetic 
was given. Only 10 procedures of the total 1,047 
were performed with suspension laryngoscopy and 
intubation. All the other procedures were per- 
formed with hand-held laryngoscopic technique. 
Two patients were treated without general anes- 
thesia having had local anesthetic sprayed to the 
larynx (Table 12). 


MORTALITY 


There were three deaths in this series of patients. 
One developed rhabdomyolysis after anesthesia and 
was found to be free of disease at autopsy. Another 
patient died of accidental extrusion of the tra- 
cheotomy after revision surgery for severe tracheal 
stenosis. He had no laryngeal papilloma when he 
was referred for therapy and had no laryngeal 
papilloma at death. The third patient died of 
metastatic disease from transformation of his 
papilloma to bronchogenic carcinoma. He had been 
tracheotomized and had had no laryngeal papil- 
loma for many years prior to his death. 


SUMMARY AND CONCLUSIONS 
Of the total of 140 patients seen and treated with 


TABLE 12. LARYNGEAL PAPILLOMA: METHOD AND 


ANESTHESIA 
Apneic tech 716 
Intubation D.L. 298 
Trach 21 
Intubation — Susp 10 
Local spray 2 


D.L. - Direct laryngoscopy. 
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papilloma of the larynx at CHLA, the charts of 90 
patients were available and were reviewed. The 
literature on etiology and therapy was also re- 
viewed. Of the 90 patients all were children under 
11 years of age at the onset of their therapy. Forty- 
seven of the children were male and 43 were fe- 
male. Seventy-five of this group of children with 
laryngeal papdloma were white and fourteen were 
black. One patient was of mixed racial heritage and 
none were of ‘he Oriental race. Ninety percent of 
the patients had moderately severe and progressive 
voice change, and this was the most common symp- 
tom of the disease. Forty-four percent of the chil- 
dren hac varving degrees of airway obstruction 
from moderate to very severe. Stridor was found in 
39% of the children, a symptom frequently misin- 
terpreted as beirg due to another cause. The most 
common extralaryngeal site of the lesion was on the 
palate and the least common was on the skin. 


Notable in this series is the extremely few cases of 
tracheobronchial lesions. This low incidence is 
ascribed to the avoidance of a tracheotomy or, 
when it had been performed, to make all efforts to 
remove it as soon as possible. The method of endos- 
copy and anesthesia may also be a factor in that 
with the use ef apneic technique, trauma to the 
trachea and bronchi was avoided. 


In this series cf patients 21 developed symptoms 
between birth and six months, 14 patients between 
one to two years of age and 12 patients between 
three to four wears of age. Sixty-one of the 90 pa- 
tients developed their symptoms prior to four years 
of age. 


Of the types of laryngeal papilloma the localized 
solitary form required the fewest number of pro- 
cedures before resolution. The majority of patients 
had multiple ciffuse lesions and required an aver- 
age of 15.9 procedures. The best prognosis, with 
resolution and a mean duration of symptoms of 3.2 
years, was found in the localized solitary lesion. 


Of the 90 patients only 76 had sufficient histolog- 


ical studies to allow critical evaluation of the 
pathological report. Of these 76, 60 (40%) showed 
atypia in their biopsies. This group of patients re- 
quired 896 procedures, an average of 25 procedures 
per patient as compared with those without atypia 
who required 406 procedures or an average of 8 
procedures per patient. Atypia was therefore 
associated with three times more procedures than 
the group without nuclear atypia. The complica- 
tion rate was acceptable in the study since no pa- 
tient had severe enough laryngeal stenosis to require 
surgical intervention. Only two patients with severe 
webs causing hoarseness required keel surgery. 


The chief method of anesthesia was the perform- 
ance of the direct laryngoscopy by the apneic 
technique in 716 of the total procedures. Two hun- 
dred and ninety-eight were performed with intuba- 
tion anesthesia and only ten procedures were per- 
formed with suspension laryngoscopy and intuba- 
tion. 


Of the three patients with a fatal outcome, one 
died of bronchogenic carcinoma with embolic me- 
tastases, one of rhabdomyloysis after anesthesia, 
and another from accidental extrusion of the tra- 
cheotomy tube after revision of the tracheotomy 
site. 


Over the almost 25 years of this study, only four 
patients had a tracheotomy performed at CHLA. 
On two of those occasions it was performed for the 
wrong diagnosis. Eight of the nine patients in the 
series who were tracheotomized elsewhere were de- 
cannulated within a one- to two-month period and 
one was lost to follow-up. A tracheotomy has not 
been performed for the treatment of papilloma of 
the larynx at CHLA. 


Direct laryngoscopy with apneic technique has 
been a successful method of treatment of papilloma 
of the larynx in children. A tracheotomy is rarely re- 
quired or necessary or justified for the treatment of 
this disease. Radical surgery is also not recom- 
mended. It is hoped that with interferon the ulti- 
mate cure may be obtained. 
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DOUBLE-BARRELED (DIVERSIONARY)TRACHEOSTOMY IN THE 
MANAGEMENT OF JUVENILE LARYNGEAL PAPILLOMATOSIS 


HARVEY M. TUCKER, MD 


CLEVELAND, OHIO 


A two-year-olc female presented to the author with a 1'4 year history of multiple recurrences of juvenile laryngeal papillomatosis 
which when first se n nad progressed to and below the tracheotomy site. The entire supraglottic larynx, glottis, and subglottic area were 
completely filled wih exuberant papillomata. There was active growth of papilloma at and below the tracheotomy site and the tube had 


to be inserted through papilloma in order to reach a clear area in the trachea. In hopes of preventing further spread of papilloma below the 
area already involved and in order to control the airway and provide access to the subglottic area for laser removal, a double-barreled 
tracheostomy was f2rformed. Laser treatment and/or spontaneous resolution ultimately resulted in complete clearing of all papillomata 
from the upper and ower tracheal segments. Four years and nine months after the initial procedure it was felt safe to attempt reconstruc- 
tion. Her postoperat ve course was uneventful and she was successfully extubated three months later. Both vocal cords are normally mobile 
and her voice is qui® clear although slightly hoarse as a result probably of slight changes in the edges of the cords because of the repeated 


surgical interventioes. There has been no recurrence of papilloma n 
radical approach toa _ife-threatening growth of endotracheal pap 
tracheostomy and urtimately permitted total reconstruction of an i 


The carbon dioxide surgical laser has revolu- 
tionized the management of juvenile laryngeal 
papillomatosis. Several recent reports’? confirm 
that this lesion ean be managed with a high degree 
of success and vith maximal preservation of a nor- 
mal-functioning larynx by the use of the laser. Be- 
cause this instrument instantaneously vaporizes le- 
sions in an almost bloodless field and further per- 
mits very meticulous removal with minimal damage 
to adjacent sot tissues, papillomatosis can be 
managed with zreater facility, and the need for 
tracheostomy to maintain an adequate airway 
should be dimirisaed even in very small children. 
Such improved nanagement is due at least in part 
to the minimal Exryngeal edema which results from 
use of the laser as compared to other techniques 
available. 


Most authors agree that juvenile papillomatosis 
spreads by viral transmission, possibly the same one 
that causes condy_oma acuminata, coupled with as 
yet poorly und=rstood immunologic factors. For- 
tunately, spreac into the tracheobronchial tree be- 
low the larynx is a relatively uncommon occur- 
rence, especially in the absence of direct tracheal 
trauma such as might result when tracheotomy is 
required. For this reason, even before the laser was 
available, every effort was made to avoid the need 
for tracheotomy because of the significant risk that 
papillomatous involvement of the tracheotomy site 
would result. 


This report is prompted by the author's ex- 
perience with a single case of virulent and rapidly 
progressive pap llomatosis of the tracheobronchial 


ow, over one year since reconstruction of the trachea. This somewhat 
lloma was successful in preventing further spread below the level of 
ntact tracheal bronchial tree in the case reported. 


tree in a small child. Because of the imminent risk of 
spread of papilloma beyond the level at which a tra- 
cheotomy could bypass it, a life-saving and some- 
what radical procedure was undertaken for the first 
time with success. 


CASE REPORT 


A two-year-old female presented to the author with a 1'4 year 
history of multiple recurrences of biopsy proven juvenile laryn- 
geal papillomatosis, which when first seen had progressed to and 
below the tracheotomy site. The child had undergone seven sep- 
arate endoscopic procedures for control of her airway and, fol- 
lowing the sixth procedure it had become necessary to perform a 
tracheotomy. At the seventh endoscopic procedure, the attending 
surgeon became aware that there was exuberant spread of papil- 
loma below the vocal cords to the point where it was approaching 
the level of the tracheotomy itself. The child was referred for fur- 
ther evaluation and management. Upon admission she presented 
as an attractive two-year-old with a tracheotomy tube in place 
and in no acute distress. She was essentially aphonic. Growth and 
development were otherwise normal and there was no other sig- 
nificant medical history, except for the fact that the mother had 
been known to have condyloma acuminata at the time that the 
child was delivered. After suitable preoperative evaluation, endo- 
scopy was undertaken. This showed that the entire supraglottic 
larynx and glottic chink were completely occluded by massive, 
frondular papillomata. The tracheotomy tube was removed and 
the subglottic area and upper trachea were inspected. A large pro- 
longation of papilloma was present on the posterior wall of the 
trachea and had reached and even passed slightly beyond the level 
of the tracheotomy tube (Fig. 1). The circumference of the 
tracheotomy wound itself and the anterior wall of the trachea 
seemed to be uninvolved. The subglottic portion of the vocal cords 
was involved bilaterally. Bronchoscopy beyond the site of the 
tracheotomy tube showed no evidence of distal spread of the 
papilloma. Since this represented a rapid progression of disease 
even in the ten days between the last observation by the referring 
surgeon and the current observation by the author, it was felt that 
there was imminent danger of rapid spread of the lesions to the 
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Fig. 1. Complete occlusion of the larynx and subglottic 
trachea by persistent papilloma. The leading edge of the 
tumor mass extends to the level of the tracheotomy. 


point where a tracheotomy tube would no longer be adequate to 
maintain an airway. It seemed apparent, therefore, that seme in- 
tervention was indicated in hopes of preventing further spread. 
Consultation was obtained with two recognized experts in the 
field and the plans of the author were agreed to. The parents were 
carefully appraised of the experimental nature of the procedure 
and the potential risks. They agreed to the procedure. 


SURGICAL TECHNIQUE 


The patient was prepared and draped for sterile 
surgery with a cuffed endotracheal tube in place. A 
slightly curved transverse incision was made Cross- 
ing the midline just below the existing tracheotomy 
site, the skin of which was excised in the process. 
Superior and inferior skin flaps were elevated in the 
subplatysmal plane. The great vessels and sterno- 
cleidomastoid muscles were mobilized and re- 
tracted bilaterally and the tracheal-laryngeal com- 
plex was isolated in the midline. The strap muscles 
were separated and retracted, thus exposing the tra- 
chea and the existing tracheotomy site. Both recur- 
rent laryngeal nerves were carefully identified at 
the point of entry into the larynx at the cricothyroid 
joint and then traced inferiorly to a point below the 
intended site of transection. The space between the 
trachea and esophagus was mobilized so that the 
esophagus could be protected. The trachea was 
then transected one ring below the existing trache- 
otomy site (at approximately the junction between 
the third and fourth tracheal rings). The distal 
trachea was inspected and was noted to be free of 
papilloma. This was brought out in the midline as a 
standard laryngostoma (Fig. 2). The proximal tra- 
cheal segment was inspected from below and was 
noted to be involved with papilloma in its posterior 
50%. The lesion reached almost to the level of the 





Fig. 2. Transection of the trachea with mobilization of 
hemp and distal segments. Note that the recurrent 
aryngeal nerves are preserved, 


tracheotomy site although it appeared to have ex- 
tended further because of a leading edge of tumor 
mass which was not actually growing from the pos- 
terior wall. No attempt was made at this time to ex- 
cise any of the lesion. The right sternocleidomastoid 
muscle was mobilized and the fibers separated at 
roughly the midpoint, at a level appropriate to the 
distal end of the proximal tracheal segment. The 
cartilage of the lowermost tracheal ring of the prox- 
imal segment was carefully removed leaving the 
mucosa and inner perichondrium intact (Fig. 3). 
The distal end of the proximal trachea was then 
lead between the two portions of the right ster- 
nocleidomastoid muscle and the cartilage tacked to 
the muscle with nonabsorbable sutures. A stab 
wound was made at an appropriate level in the skin 
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Fig. 3. The distal most catia ring of the proximal 
segment is removed leaving the un erlying soft tissue of the 
trachea intact. 
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Fig. 4. Dis al trachea brought out as a laryngostoma. 
Proximal trachea brought between heads of the ster- 
nocleidomasteid muscle as a mucous fistula. 


of the right side of the neck to allow the mucoperi- 
chondrium o the distal portion of the proximal 
trachea to be brought out through it and sutured 
mucosa-to-skin to produce a mucous fistula (Fig. 4). 
The neck incision was closed after placing a small 
hemovac drain. A small Foley® catheter was placed 
in the proximal mucous fistula and the balloon in- 
flated to allow suction drainage of any secretions 
that might co lect in this segment initially. A stan- 
dard pediatric tracheotomy tube was modified to fit 
the tracheal stoma. The postoperative course was 
uneventful. T1e child healed promptly and was dis- 
charged fron the hospital seven days after the 
surgical procedure. At this time there was little or 
no leakage frem the proximal mucous fistula, pos- 
sibly because of the obstruction due to the papillo- 
mata. 


FJRTHER MANAGEMENT 


The child was referred to Dr. Stuart Strong and 
his associates in Boston for direct management of 
the papillometa by laser surgery, inasmuch as his 
was one of the few institutions in the country which 
had one at thet time. After multiple laserings, most 
of which we-e directed at disease in the distal 
trachea, all residual papillomata disappeared. 
When a period of six months had elapsed since the 
last lasering with no evidence of recurrent disease, 
the child was referred back to the author for con- 
sideration of »econstruction of the trachea. During 
this period of time she was aphonic, although she 
did manage to communicate verbally using forced 
air expulsion from the oral cavity not unlike the 
type of speech used in certain African dialects 
(“click” speecn). Her progress in school, although 





Fig. 5. Status of neck five years later following successful 
treatment of papillomata by laser surgery. 


limited by her ability to communicate, was excel- 
lent and she was clearly of above average intel- 
ligence. With the exception of her airway problems, 
her health was excellent. 


When seen again by the author the child had a 
well-healed functioning midline laryngectomy sto- 
ma and a very small mucous fistula on the right side 
of the neck (Fig. 5). There was little or no drainage 
from it even during swallowing. When endoscopic 
evaluation again confirmed no recurrence of papil- 
loma one year from the last lasering, it was decided 
that an attempt could be made to repair the tra- 
chea. Under general anesthesia, the original skin in- 
cision was opened and was carried somewhat more 
superiorly on the right side to encompass the mu- 
cous fistula, which was excised. Skin flaps were 
elevated and the ends of the tracheal segments were 
freshened. The proximal trachea was remobilized so 
that it could be returned to the midline and an end- 
to-end anastomosis was accomplished between the 
two ends of the trachea (Fig. 6A, B). A Silastic® T- 
tube was placed and she wore this for a period of 
three months following the anastomosis. When re- 
endoscoped for removal of the T-tube, a well- 
healed anastomotic segment was noted above the 
new tracheotomy site. Therefore, a standard tra- 
cheotomy tube was inserted and another three 
months were allowed to elapse to be sure that there 
would be no secondary stenosis. During this time 
the tracheotomy tube was kept corked continually 
and she was able to talk. At first she was troubled 
by a tendency to persist in her oral speech mecha- 
nism, but with suitable speech therapy and practice 
she quickly overcame this habit and began to pho- 
nate in a more normal fashion. Although her voice 
is somewhat hoarse and rather deep for a child her 
age, it is really surprisingly good. Both vocal cords 
are normally mobile. 
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Fig. 6. End-to-end anastemosis of proximal and distal tracheal segments. 


At the time of this writing an additional year has 
elapsed since the final removal of her tracheotomy 
tube and the surgical closure of the stoma. There is 
no evidence of either recurrence of papilloma or of 
any deterioration in either voice or airway since 
that time. 


DISCUSSION 


Possible spread of papilloma to a traumatized 
area in the trachea, particularly after tracheotomy, 
is to be avoided at all costs. For this reason, the first 
priority in the management of juvenile papilloma- 
tosis is maintenance of as satisfactory a glottic air- 
way as possible. The laser has been a great improve- 
ment in this effort. Nevertheless, even with the laser 
it is not always possible to maintain an adequate 
airway and tracheotomy is sometimes necessary. 
Fortunately not all patients with juvenile papillo- 
matosis who require tracheotomy also exhibit such 
exuberant growth as was manifested in this case, 
but on occasion a truly life-threatening situation 
will occur. Because there seems to be evidence that 
spread of papilloma virus may be to adjacent cells 
and/or because of ‘ ‘drop” metastases to traumatized 
areas, it was felt in this case that separating the 
uninvolved distal trachea from the traumatized 
proximal trachea might prevent further spread of 
the disease into the trachea and also might offer bet- 
ter access for the laser to the existing disease. 


The concept of “double-barreled” (diversionary) 
tracheotomy is not a new one. It has been recom- 


mended in the management of uncontrollable aspi- 
ration where total laryngectomy is not appropri- 
ate.’* The technique most widely recommended is 
to divert the distal end of the proximal trachea into 
the esophagus and to bring the proximal end of the 
distal trachea out as a stoma. This would not have 
been suitable in the case described since there might 
have been progression of growth down into the 
esophagus. Furthermore, access to the subglottic 
area from below would not have been possible. 


This procedure was a radical one undertaken in 
what was felt to be a life-threatening situation. It 
was successful in managing this case although it did 
not prevent spread of papilloma into the distal tra- 
chea. Certainly there is insufficient clinical ex- 
perience to warrant recommending it as a routine 
procedure. Moreover, with the availability of the 
laser and other better means of managing papillo- 
matosis, perhaps on an immunologic basis, uncon- 
trolled growth down the trachea should be even 
more uncommon. 


CONCLUSION 


Life-threatening growth of papilloma into the 
distal trachea following tracheotomy in a small 
child was managed in one case by transection of the 
trachea with double-barreled (diversionary) trache- 
otomy. Such an approach not only can maintain a 
safe airway but may allow access to the subglottic 
area and upper trachea through the mucous fistula 
for laser treatment. 
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MANAGEMENT OF THE EXTUBATION PROBLEM IN THE 
PREMATURE CHILD 


ANTERIOR CRICOID SPLIT AS AN ALTERNATIVE TO TRACHEOTOMY 
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Long-term endotracheal intubation is a widely established means of giving ventilatory support in the newborn period. Though such 
long-term intubation is well tolerated by the premature infant, laryngeal complications do occur and extubation may be impossible even 
though the initial disease process for which the intubation was performed has resolved. In such a situation, careful endoscopic evaluation of 
the upper respiratory <ract is advocated to identify the site of the problem. If subglottic edema or mucosal ulceration in the subglottic area 
is the site of the darnaze and if, during endoscopic evaluation immediately following removal of the endotracheal tube, the subglottic area 
starts to narrow because of edema formation or edema fluid filling up compressed granulation tissue, then a split of the cricoid in the 
midline anteriorly, leaving the endotracheal tube in as a stent, appears to be a preferable alternative to performing a tracheotomy. Of 12 


consecutive patients, 9 have been successfully extubated. 


INTRODUCTION 


Long-term encotracheal intubation as a means of 
prolonged respiratory support was reintroduced by 
McDonald and S-ocks in 1965.' Since that time this 
method of support has been widely practiced in 
many countries throughout the world. A common 
clinical situation in which long-term endotracheal 
intubation is used is in the care of the premature in- 
fant with respiratory distress syndrome or other car- 
diopulmonary problems. Approximately 45% of 
admissions to a premature nursery in the United 
States will require endotracheal intubation for 
longer than seven days.’ 


There is no adequately documented prospective 
study of the ineicence of subglottic stenosis follow- 
ing this methed of ventilatory support. Various 
retrospective studies, however, suggest that the 
complication rate is in the region of 2.5% .? Cer- 
tainly the incidence of complications is relatively 
low and otolaryngologists as a group must com- 
mend our pediatric and anesthetic colleagues for a 
job well done in the care of the indwelling endo- 
tracheal tube in the premature. 


It is an establisned fact that the premature infant 
can withstand endotracheal intubation better than 
the full-term neonate or the older child.? This is all 
the more remarkable when considering the fact that 
it is often impossible to place an endotracheal tube 
with a leak around it as should be standard practice 
with the placement of an endotracheal tube in a 
larger child. The reason for this is merely the initial 
small size of the larynx in the neonate and even a 
3.0 mm tube fits snugly into the larynx. 


Complications, however, do occasionally occur 
(Table 1).*° In the larynx we have not seen supra- 
glottic disease as a sequela of intubation in the pre- 
mature child. In the glottis, however, lesions that 
may prevent successful extubation include edema, 
anterior web, granuloma formation, posterior glot- 
tic stenosis, vocal cord lacerations and vocal cord 
paralysis. 


Subglottic complications are more common than 
glottic problems’ and when they occur are usually 
more serious in nature. 


A third site for significant problems is in the 
carina area or in the region of the take-off of the 
right upper lobe bronchus, secondary to erosion of 
the mucosa in the region of the tip of the endo- 
tracheal tube. Finally, any combination of the 
above lesions may be seen. 


Avoidance of complications is of paramount im- 
portance. To do so the factors contributing to the 
complications must be adequately documented; 
however, there is no such study and all factors men- 
tioned must therefore be anecdotal. The pathologi- 
cal sequence of events in the subglottis, however, is 
well established.? Initially edema and mucosal 
hemorrhage is seen. After some days mucosal 
ulceration, particularly posteriorly in the cricoid 
area, is the striking feature, followed by carti- 
laginous exposure. Subglottic ulcerations beneath 
the arytenoids were seen in 15 of 16 neonatal lar- 
ynges intubated six days or longer.’ In the process of 
repair, granulation tissue forms in the ulcers, 
maturing to form collagen tissue, which in some 
cases is later covered with epithelium. Secondary 
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TABLE 1. COMPLICATIONS OF ENDOTRACHEAL 
INTUBATION IN NEONATES 


Stet Acre mere AAU LORNA h a hee Naar AL LAA RAE RRM reer 


Supraglottis 

No complications in our series 
Glottis 

Edema 


Anterior web 
Granuloma formation 
Posterior glottic stenosis 
Vocal cord lacerations 
Vocal cord paralysis 
Subglottis 
Edema 
Mucosal ulceration 
Granulation tissue 
Perichondritis 
Carina 
Granulation tissue 
Right upper lobe orifice 
Granulation tissue 


perichondritis may occur, producing both sabmu- 
cosal fibrosis and cartilaginous thickening. 


The cricoid in the premature infant is the most 
likely site of damage for two reasons: it is the small- 
est part of the upper airway in this age group, and it 
is the only complete cartilaginous ring. Certainly 
two important factors in the avoidance of complica- 
tions include the skill of the initial intubation and 
any subsequent tube changes, and the size of the en- 
dotracheal tube that is placed. 


With regard to subglottic damage, the typical 
history is that of a premature infant who developed 
respiratory distress syndrome soon after birth, re- 
quiring intubation. From days to weeks later, the 
pulmonary pathology has healed to the point where 
extubation may be attempted. Following extuba- 
tion, the infant does well for several minutes to 
hours and then respiratory distress, slowly advanc- 
ing in nature, recurs and reintubation is necessary. 
Often this sequence of events has occurred several 
times prior to an otolaryngological consultation. 


At this point, endoscopy should be performed, us- 
ing a laryngoscope in the vallecula and the 2.8 mm 
0° Storz Hopkins rod telescope. Adequate preox- 
ygenation and spontaneous ventilation allow for a 
leisurely examination. The various pathologies 
mentioned above are specifically looked for during 
the evaluation. If the subglottis is healthy, then 
complete endoscopy with the 2.5 mm sheath is per- 
formed. 


The most common site of the lesion is in the 
subglottic area. It is important to realize, however, 
that the endotracheal tube acts as a stent and it is 
often necessary to observe the subglottic area for 
several minutes following the removal of the en- 
dotracheal tube, looking for subglottic swelling 
secondary to edema formation or granulation tissue 
that has been compressed by the endotracheal tube. 


It is the reappearance of this swelling that causes 
the recurrence of symptoms of respiratory distress 
and a reintubation to be performed. 


Previously, in the management of this type of 
case, a tracheotomy has been reluctantly considered 
with the strong possibility that with the removal of 
the endotracheal tube and the loss of its stent-like 
action, subglottic stenosis will develop. These 
stenoses have been among the most severe that we 
have had to manage and have necessitated dilation 
in the early phases to keep the airway patent, fol- 
lowed in some cases by external laryngotracheoplas- 
ty techniques to remove the scar tissue. Certainly 
many of these children have a tracheotomy in place 
for several months or years. For the past three years 
in such cases, we have performed an alternate pro- 
cedure to the tracheotomy. This has been termed 
the “anterior cricoid split.” 


METHODS 


Under local anesthesia and with the endotracheal tube in place, 
a horizontal skin incision is made over the cricoid to expose the 
cricoid and upper two tracheal rings. A single vertical incision is 
made through the anterior cartilaginous ring of the cricoid and 
through the mucosa, to expose the endotracheal tube. This inci- 
sion is extended inferiorly to divide the upper two tracheal rings in 
the midline. When the incision is made through the cricoid, the 
cricoid springs open and the endotracheal tube is readily visible in 
the lumen, and an air leak is heard. The skin is loosely approx- 
imated around an elastic band drain. The endotracheal tube is 
left in place for two to three weeks, at which time extubation is at- 
tempted. Endoscopy is not performed at this time. 


The rationale behind this procedure is to decompress the area 
of the cricoid, the only complete circumferential cartilaginous 
ring, thus decreasing the pressure of the tube on the mucosa. 
Secondly, leaving the endotracheal tube in place for approximate- 
ly two weeks allows it to act as a stent and prevent the subglottic 
lumen from becoming obliterated with edema secondary to the 
mucosal damage already established. Our concept is that after the 
cricoid is decompressed the pressure factors contributing to the 
mucosal damage are lessened, allowing a decrease in mucosal in- 
flammation. When two weeks have elapsed there has been suffi- 
cient resolution of the edema that extubation may be accom- 
plished. 


RESULTS 


We have results to date in 12 patients treated in 
this manner, 9 of whom have been successfully ex- 
tubated. In three, extubation was unsuccessful and 
a tracheotomy was performed. Two of the three 
failures deserve some explanation. Encouraged by 
the initial success of the procedure for cases of 
isolated subglottic problems, the authors extended 
the indications for the procedure to include cases 
with visible glottic complications combined with 
subglottic pathology (cases 4 and 5, Table 2). In 
these cases, an incision in the lower third of the 
thyroid cartilage, immediately inferior to the 
anterior commissure, was also made in addition to 
the incision through the cricoid and the upper two 
tracheal rings. Both these cases could not be ex- 
tubated and required a subsequent tracheotomy. 
With this in mind, we have decided not to perform 
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TABLE =. DATA SUMMARY OF PATIENTS _ 


samunnana: 
amanna 





Age it Weight at 
Case Birth awk) Intubations Surgery (kg) Extubation 
l 3. 8 1.4 + 
ru 2& 5 1.5 + 
3 30 3 2.0 + 
4 ag 3 1.0 ~ 
5 28 2 1.2 — 
6 3% 5 1.6 + 
7 27 4 2.0 + 
§ 28: 3 1.2 + 
9 30 3 Lr _ 
10 27T 4 2l + 
11 30 2 1.6 + 
12 2R 5 2.0 + 


this procedure on any child in whom there is signifi- 
cant glott.c inwolvement. The third failure (case 9, 
Table 2) was ia a child with an isolated subglottic 
complication; t zhe time of initial assessment there 
was extersive nucosal ulceration and granulation 
tissue fornatioa with cartilage exposure and active 
perichondritis which subsequently formed a dense 
subglottic stenos:s. One significant complication 
has occurred ar d that was in a child who developed 
an infecticn of he neck wound with a persistent air 
leak that cook approximately three weeks to close 
spontaneously. The endotracheal tube was success- 
fully remcved «t three weeks in this case. 


None of the aine children successfully extubated 
have deve opec any subsequent airway problems. 


Two deaths scecurred unrelated to surgery. One 
child developec septicemia four months after leav- 
ing the hespita. and a second child died six weeks 
after the frocec. ure, secondary to severe congenital 
cardiac disease Both children, however, had been 
successfully ext abated. 


The gross lamyrx of the first child was obtained 
and the cr coid 2xamined by microscopic transverse 





Fig. 1. Cros section of cricoid, four months after 
anterior cricoid pl:t mowing some degree of submucosal 


PENE and. the site the anterior cricoid split 
(arrow). (The larger posterior opening is secondary to a 
posterior incisior performed by the pathologist at time of 
autopsy.) 


TABLE 3. CRITERIA FOR ANTERIOR CRICOID SPLIT 


marasararepuusamsanir: 





Neonate 
Appropriate extubation status 
Minimal glottic pathology 


Subglottic pathology 
Edema 
Mucosal ulceration 
Granulation tissue 

The alternative would be a tracheotomy 


section. Figure 1 illustrates a representative 
transverse section of the cricoid showing some ele- 
ment of submucosal thickening and also the site of 
the healing where the cricoid split was performed 
four months earlier. There is no evidence of car- 
tilaginous irregularity or cricoid collapse. 


DISCUSSION 


It is important to stress that this operation should 
be considered only in those neonates in whom ex- 
tubation is not possible because of subglottic 
pathology secondary to endotracheal tube damage. 
Formerly, in this group a tracheotomy would be 
performed. The incidence of performing the opera- 
tion should be low. In three years we have per- 
formed the operation on nine patients from our neo- 
natology service which has 1,500 admissions per 
year. Three patients have been referred from other 
regional nurseries. 


It may be argued that these patients could have 
been extubated without performing the anterior 
cricoid split. Review of our cases, however, in- 
dicates that since the introduction of the anterior 
cricoid split our incidence of tracheotomy and sub- 
sequent subglottic stenosis in the neonatal group has 
markedly decreased. Thus, our incidence of tra- 
cheotomy for neonatal extubation problems second- 
ary to subglottic pathology in 1974-1977 was re- 
viewed. In this three-year period, 11 tracheotomies 
were performed of which 8 subsequently developed 
severe subglottic stenosis. Since the introduction of 
the anterior cricoid split only four tracheotomies 
have been performed, three of which were the fail- 
ures of the anterior cricoid split operation (cases 4, 
5, 9; Table 2). The fourth case was an infant with 
severe glottic pathology in whom the split was not 
attempted. Evaluation of these figures strongly sug- 
gest that the anterior cricoid split has indeed 
lowered our incidence of tracheotomy for 11 in 
three years to 4 in three years. More significantly 
the incidence of neonatal subglottic stenosis has 
reduced from eight in three years to three in three 
years. Based on this data it is strongly our opinion 
that the anterior cricoid split has prevented a sig- 
nificant percentage of neonates from developing 
subglottic stenosis secondary to endotracheal tube 
damage. 


Our criteria for performing the procedure are 
outlined in Table 3. At this point we have only per- 
formed the procedure on the premature neonate. 


ANTERIOR CRICOID SPLIT 


The largest child weighed 2.1 kg. The neonate 
should in all other respects be ready for extubation. 
Extensive glottic pathology is a contraindication to 
the procedure. Two of our three failures had exten- 
sive glottic scarring at the time of initial endoseopy. 
With regard to the subglottis, the procedure has 
been successful in cases where there is evidence of 
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mucosal ulceration and granulation tissue. In one 
case where there was extensive active perichondritis 
the procedure was unsuccessful. Finally, we per- 
formed the procedure only in those infants in whom 
further prolonged intubation seemed contrain- 
dicated and in whom the alternative would have 
been a tracheotomy. 
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ASSOCIATION FOR RESEARCH IN OTOLARYNGOLOGY 


The 4th Mid Winter Research Meeting of the Association for Research in Otolaryngology will be held at the Happy Dolphin Inn, St. 
Petersburg Beach, Florida, January 19-21, 1981. In addition to the contributed paper sessions, a colloquium honoring Dr. Catherine A. 
Smith will be held entitled “Some Unresolved Problems in the Auditory System.” 
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ACQUIRED STENOSIS OF THE UPPER AIRWAY IN NEONATES 
AN INCREASING PROBLEM 
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Thirty reonates with acquired airway stenosis were treated between 1975 and 1979 at the C. S. Mott Children’s Hospital of the Uni- 
versity of Michigan. Neonates surviving a period of ventilation are at risk of developing subglottic stenosis (8.3%). The stenosis is often 
severe, Chikcren with respiratory distress syndrome and/or neurologic disorders were particularly prone to developing a stenosis (37 %). 
Following treatment. 43% were successfully decannulated and decannulation occurred in a biphasic pattern. Thirty-seven percent were 
still tracheostomy-dependent but had a voice and were developing normal speech patterns. The mean decannulation time was 92.5 weeks, 
confirming that acquired subglottic stenosis in the neonate is a serious problem with long-term disability. 


INTRODUCTION 


Advances im nzonatology have resulted in an in- 
creased survival of critically ill newborn infants. 
Many children who previously did not survive are 
now living after a period of endotracheal intubation 
and mechanical ventilation. In this particularly 
susceptible group of infants the apparent incidence 
of upper airwey damage, and later stenosis, might 
be expected to increase with prolonged survivals.'° 


The purpose of this study is to report the inci- 
dence of aequired stenosis of the airway in the neo- 
natal age group and to examine the treatment out- 
come. An attempt is made to characterize those “at 
risk” infants and to study those factors which may 
be used as precictors of outcome. 


METHODS 


In the five-vear period 1975 to 1979, 75 infants were treated at 
the C. S. Mat: Children’s Hospital, University of Michigan, with 
airway stenos:s; of ‘hese 74 required a tracheostomy. Children in 
whom the stenosis co.ild be related to congenital cricoid hypo- 
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Fig. 1. Histegrem showing the gestational age of chil- 


dren who acquirec subglottic stenosis following a period of 
intubation and ventilatory support. 
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plasia, eg, congenital subglottic stenosis, were not included in this 
study. Thirty neonates were identified as having survived a period 
of endotracheal intubation (and often assisted ventilation). All 
these babies had developed an airway stenosis following a period 
of intubation. The study group contained 20 males and 10 
females, of whom 26 were white, 3 black, and 1 Oriental. The 
birthweights ranged from 910 to 3,200 gm and the gestational 
ages from 26 to 40 weeks (Fig. 1). 


During the years 1975 to 1979 there were 1,827 admissions to 
the Neonatal Intensive Care Unit. Five hundred sixty-two 
children required intubation and ventilatory support and 199 
(35.4%) died. Three hundred sixty-three neonates (64.6% ) sur- 
vived a period of assisted ventilation, of whom 30 (8.26%) 
developed significant airway stenosis precluding prompt extuba- 
tion. 


Twenty-nine infants (96.6%) required a tracheostomy and in 
all those the degree of airway damage was seen to be severe at the 
time of endoscopy. The extent of stenosis varied. However, in no 
patient was a thin, easily dilated, short scar or web encountered. 
All stenoses were seen to involve at least two cartilaginous rings 
(the cricoid cartilage was involved in all cases). In many the 
stenosis extended from the cricoid cartilage to the tracheostomy 
site and constituted a complete stenosis along its length. The 
anatomic site of stenosis is shown in Table 1. 


In an attempt to characterize those infants developing stenosis 
maternal antenatal and infant-related problems were identified 
(Tables 2 and 3). 


The length of time intubated and/or ventilated was studied 
(Fig. 2). The range of time intubated was 1 to 110 days (mean 35 
days). The range of time ventilated was 2 to 110 days (mean 36 
days). 


Multiple intubations were common with a prolonged intuba- 
tion both for toilet purposes and during the period of attempted 
extubation. The number of intubations performed is shown in 
Figure 3. 


In 16.6% of infants (5/30) the intubation was precipitated by a 
respiratory arrest at birth, implying less than optimal endoscopic 
conditions. The tube was inserted by a neonatologist in 76% of 
our study group. 


TABLE 1. ANATOMIC SITE OF STENOSIS (N = 30) 
Percentage 





Tracheal stenosis 3 
Subglottic stenosis 100 
Glottic stenosis 6 


From the Department of Otolaryngology, University of Michigan, Ann Arbor. 
Presented a- the mee-ing of the American Laryngological Association, Palm Beach, F lorida, April 14-15, 1980. 
REPRINTS — Nigel F. T. Pashley, MB, BS, FRCS(C), Department of Otolaryngology, University of Michigan, Ann Arbor, MI 48109. 
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TABLE 2, PROBLEMS OCCURRING IN THE MOTHERS 


OF NEONATES WITH ACQUIRED STENOSIS (N= 30) 
Percentage 





Polyhydramnios 6.6 
Premature membrane rupture/labor 3.3 
Mid-trimester hemorrhage 3.3 


Once damage precluding extubation was present a tracheos- 
tomy was performed. All stenoses were assessed endoseopically 
and managed according to the degree of structural loss in the area 
(Table 4). Dilation was used as both a primary treatment, and as 
a surgical adjunct following resection of the stenesis and 
reconstruction. 


An open surgical resection of scar with free buccal mucosal 
grafts attached to a stent was used. Usually the stent was attached 
to a tracheostomy tube allowing synchronous motion of the 
larynx, stent, and tracheostomy tube to occur during swallowing. 
Posterior cricoidotomy and pedicled hyoid interpositioning were 
sometimes used. 


TABLE 3. ASSOCIATED PROBLEMS OCCURRING IN THE 


NEONATE WITH ACQUIRED STENOSIS (N = 30) 
Percentage 





Respiratory distress syndrome 36.6 
CNS disorders 36.6 
Congenital heart disease 20.0 
Congenital/hereditary disorders 20.0 
Severe jaundice 13.3 
Septicemia 6.6 


There were three deaths in the study group. One child with 
multiple congenital anomalies died of recurrent pneumonia 
unrelated to the stenosis or treatment. One death was tra- 
cheostomy-related. An overly long Silastic® tube for the 910 gm 
child eroded the carina. There was one death which oceurred six 
days following surgery. An autopsy revealed no abnormal find- 
ings other than bronchopulmonary dysplasia. 


In our study group the follow-up period was three months to 
five years. Forty-three percent of our infants (13/30) were suc- 
cessfully decannulated and had a voice. Thirty-seven percent 
(11/30) infants were still tracheostomy-dependent but a voice was 
present and they were developing normal speech patterns. Twen- 
ty percent (6/30) of the infants had an obligatory tracheostomy 
and were aphonic. The time relationships of decannulation and 
tracheostomy were examined (Fig. 4). 
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Fig. 2. Graph novne the number of days intubated 
histogram) and the number of days of assisted ventilation 
line graph) in children with acquired stenosis of upper air- 

way. 
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Fig. 3. Graph showing the number of intubations ex- 
perienced by children with acquired stenosis of upper air- 
way. 


DISCUSSION 


Neonates who survive a period of intensive care 
with intubation and/or mechanical ventilation car- 
ry a risk of 8.3% of developing an airway stenosis 
which is located in the laryngeal subglottis. There is 
a conspicuous absence of stenosis in the tracheal or 
glottic regions in our study. 


Prenatal maternal problems do not seem to be 
contributory. Children with respiratory distress 
syndrome and/or a neurologic disorder (including 
spinal dysrhaphism) seem to be predisposed to air- 
way stenosis (37% in each case). 


TABLE 4. TREATMENT OF ACQUIRED AIRWAY 





STENOSIS 
N Deaths 
ee ee |, ne `i A 
Tracheostomy 29/30 3.3% 
Dilation 15/30 0.0% 
Surgical reconstruction 7/30 3.3% 


The therapeutic aim was a child with no tra- 
cheostomy, a normal voice, and subsequently nor- 
mal laryngeal development. A relative therapeutic 
success rate of 80% was achieved (43% of infants 
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Fig. 4. Graph showing the number of weeks of tracheos- 
tomy required in children with acquired stenosis of upper 
airway (histogram) and the time of decannulation (line 
graph). 
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were decannulkated and had a voice: 37% had a 
voice but were still reliant upon a tracheostomy). 


A spectrum ef results was seen over the follow-up 
period of from three months to five years. As this is 
a continuing series, some of the recently treated in- 
fants may be expected to change their category. 


There is a low mortality for both tracheostomy 
and surgieal intervention in these delicate patients 
(3.3% in each case). 


Decannulatiən occurs in a biphasic pattern. Ear- 
ly decannulaticn (0 to 50 weeks after tracheostomy) 


PAPSIDERO-PASHLEY 


was possible in three patients (23% of those decan- 
nulated). Later decannulation peaked between 100 
to 150 weeks after tracheostomy (38.5% of those de- 
cannulated). This does not reflect differences in 
degrees of stenosis as almost all our patients had 
severe stenosis. We postulate that growth may con- 
tribute significantly to this second peak of the 
biphasic decannulation pattern. 


It is of interest that the mean decannulation time 
was 92.5 weeks, confirming that acquired subglot- 
tic stenosis in the neonate is a serious problem with 
significant long-term disability. 
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The use of an inert stent as an adjunct to surgical procedures to correct laryngotracheal stenoses remains somewhat controversial. It is 
the purpose of this report to describe the use of long-term stents in seven patients with either acute or chronic laryngotracheal stenoses. The 
conclusion from this series is that stenting for prolonged periods of time represents a valuable adjunctive technique in the correction of the 


more severe airway reconstruction problems. 


INTRODUCTION 


The management of acute injuries and chronic 
stenoses of the larynx and trachea continues to be a 
difficult problem. A number of therapeutic ap- 
proaches have been recommended over the years. 
No one surgical procedure has received uniform ac- 
ceptance to the total exclusion of other techniques. 
The primary problem can be defined as the need to 
maintain adequate patency of a hollow organ that 
has been traumatized and, therefore, becomes vul- 
nerable to progressive narrowing of the lumen as a 
result of the normal dynamics of healing, namely, 
wound contraction. The advisability of stenting the 
surgical repairs of these injuries has been actively 
debated among otolaryngologists. Earlier reports in 
the literature seem to generally favor the use of 
some type of a stent, whereas newer techniques 
have minimized the use of such a mechanism to 
maintain lumen patency. The purpose of this report 
is to describe the results of long-term adjunctive 
stenting in seven patients who had either severe 
acute laryngeal injuries or tracheal stenosis prob- 
lems and to illustrate the value of this treatment in 
selected clinical situations. 


LITERATURE REVIEW 


The otolaryngological literature continues to con- 
tain an abundance of reports describing surgical 
techniques being advocated for the correction of 
acute and chronic endotracheal injuries. In many 
cases, the technique chosen is a function of the 
anatomical area which is damaged. Techniques dif- 
fer for the repair of a supraglottic,' a glottic.?? or a 
subglottic* stenosis. The management of tracheal 
stenosis has evolved to the point where resection 
with end-to-end anastomosis is considered the treat- 
ment of choice. When the stenotic length is sub- 
stantial, some type of release mechanism, either in 
the form of a superior suprahyoid laryngeal release 
or inferior mobilization of the trachea through a 
thoracotomy approach is necessary.’ However, as 


these stenosis problems increase in severity, more 
elaborate procedures have been advocated. 


Alonso et al®” have recently reported on the use of 
a free hyoid arch autograft interposed between thy- 
roid cartilage and even cricoid cartilage for the 
management of laryngeal and even upper tracheal 
stenosis. Krizek and Kirchner’ in 1972, and more 
recently Toohill,’ have reported on the use of auto- 
genous mucoperichondrial grafts from the nasal 
septum in the repair of selected cases of laryngeal 
and upper tracheal stenoses. 


The special problem of subglottic stenosis in 
children has been intensively studied by Fearon and 
Cotton.'®"' Cotton’? has reported his successful 
management of subglottic stenosis in 18 children ac- 
complished with a composite graft of the perichon- 
drium and costal cartilage used as an elliptical 
wedge placed through a midline incision. The inci- 
sion includes the cricoid and upper tracheal rings to 
increase the diameter of the airway lumen. 


The successful management of extended combined 
laryngeal and tracheal stenosis has been described 
by Friedman et al.'? Their procedure involves first 
developing a trough, then inserting Marlex® adja- 
cent to the trough, and subsequently closing the 
defect with a local flap including the Marlex for 
rigid anterior tracheal wall support. An in-depth 
discussion of the problems and techniques employed 
in reconstruction of the larynx and trachea was 
recently published." 


The literature contains many descriptions of the 
role of inert stents to maintain patency after recon- 
struction of laryngotracheal stenoses. Most reports 
agree that stenting should be used;'*'® however, 
Olson’ has advocated not using stents. Not only is 
there a lack of agreement about whether a stent 
should be used, there is also no uniformly accepted 
optimal time duration for stent placement. Most au- 
thors recommend keeping a stent in place for a per- 
iod of six to eight weeks. However others’ recom- 


From the Department of Otolaryngology, Ohio State University and Children’s Hospital, Columbus. This study was supported in part by grant 
1 KO7 NS00417-01 from the National Institute of Neurolegical and Communicative Disorders and Stroke (Teacher-Investigator Award). 
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Fig. lL. (Case 2) Polytome erga t demonstrating 
complete stenosis ‘arrows) of trachea following a previous 
tracheal resection. 


mendations can vary from as short as two or three 
weeks to as long as three or four months.'* Harris 
and co-workers’? advocated earlier removal of 
any stent in the management of acute laryngeal in- 
juries and reported excellent results in a large series 
of patients. In 1977, Goode and Shinn?’ reported 
their favorable results using long-term (3-12 
months) silicone rubber stenting in the successful 
management of 12 of 14 cases of severe subglottic 
stenosis. Such long-term stenting evolved after the 
authors experienced failures following placements 
of stents for the usually recommended shorter time 
period. 


CASE REPORTS 


This report is based on the experience gained from treating 
seven patients with long-term stenting for various acute laryngeal 
or chronic laryngotracheal stenoses seen by the author at the Ohio 
State University Department of Otolaryngology and Columbus 
Children’s Hespita. in the last 30 months. It will be necessary to 
individually describe each of these patients to further define 
unique features of their health problems that played a role in the 





Fig. 2. (Case 3) The loss of any laryngeal projection 
when viewing the patient’s neck is a physical finding con- 
sistent with a laryngeal fracture which has decreased the 
anterior-posterier length of the larynx. 





Fig. 3. (Case 3) A) Postoperative radiograph documents 
proper position for modified Portex endotracheal tube 
aryngeal stent being held by external neck skin buttons. B) 
Lateral radiograph demonstrates laryngeal stent position 
and wires placed to stabilize C1-2 cervical spine disloca- 
tion. 


use of long-term stenting for the correction of their airway pro- 
blems. 


Case 1. An eight-year-old male sustained blunt trauma over the 
larynx resulting in a laryngeal fracture requiring lifesaving tra- 
cheotomy. This was followed by open reduction and repair of soft 
tissue and cartilaginous injuries and subsequent insertion of a 
modified Portex® endotracheal tube laryngeal stent as described 
by Birck.?? The stent was removed after six weeks and the boy 
subsequently developed stenosis within two weeks. Laryngeal 
dilatations and steroid injections were unsuccessfully used on five 
different occasions to correct this stenosis problem. He ultimately 
underwent laryngofissure and excision of a glottic supraglottic 
stenosis with insertion of another identical laryngeal stent. The 
stent was kept in place for ten months and he has been decannu- 
lated for the last ten months. He is now back to normal activities, 
including acting as a mascot for the local minor league baseball 





Fig. 4. (Case 3) Patient was maintained as an outpatient 
in an external cervical fixation apparatus concomitant 
with laryngeal stent and tracheotomy. 
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Fig. 5. (Case 3) A) Poststent-removal polytomographic 
evidence of an adequate laryngeal airway during inspira- 
tion, and B) showing some glottic and supraglottic cl sing 
during phonation. 


team. The patient speaks in a readily intelligible voice, but with 
decreased intensity. 


Case 2. A 53-year-old female developed a tracheal stenosis fol- 
lowing a prolonged endotracheal intubation for pneumonia. This 
was treated by another physician with multiple surgical pro- 
cedures, the last being a tracheal resection. She was then referred 
to Ohio State University with a total tracheal stenosis measuring 4 
cm long (Fig. 1). This patient underwent a tracheal resection en- 
compassing 5 cm of the trachea which necessitated a suprahyoid 
laryngeal and transthoracic tracheal release. Because of the ten- 
sion on the reanastomosis secondary to the extraordinary length of 
the stenosis coupled with a previous tracheal resection. a Mont- 
gomery tracheal T-tube? was placed and removed three months 
postoperatively. The patient began to experience some audible re- 
spiratory activity two weeks after removal of the stent. and un- 
derwent a second procedure to have the T-tube reinserted. This 
was then left in place for a period of 13 months. The patient has 
now been decannulated for the last 16 months and is back to nor- 
mal activity with bilateral vocal cord mobility. 


Case 3. Another eight-year-old female sustained blunt trauma 
to the larynx with severe laryngeal injury involving the soft tissue 
and multiple comminuted thyroid cartilage fractures (Fig. 2). 
The diagnosis of this injury required flexible fiberoptic laryngo- 
scopy because of a concomitant C 1,2 cervical spine dislocation 
with no neurologic injury. She underwent open reduction and la- 
ryngeal stenting at the same time that she had stabilization of the 
cervical spine dislocation (Fig. 3 A,B). Cervical immobilization 
was maintained with an external fixation apparatus coneomitant 
with tracheotomy and laryngeal stenting (Fig. 4). The patient has 
been decannulated for the last nine months and is back to normal 
activity which includes active participation in a local amateur 
dance troupe. Postoperative polytome radiographs reveal 
bilateral vocal cord mobility (Fig. 5 A.B) and the patiest speaks 
in a readily intelligible voice, but with decreased intensity. 


Case 4. This patient sustained a shotgun injury to the neck 
treated with tracheotomy approximately ten years prior to refer- 
ral. The injury involved destruction of the lower half of the larynx 
and cervical trachea (Fig. 6). He had been totally aphenic since 
the injury. Evaluation revealed a total stenosis at the level of the 
glottis except for a pinpoint opening in the posterior commissure, 
However, there seemed to be some slight arytenoid movement 
when he was asked to phonate. Below the level of the true vocal 
cords, there was total destruction of the subglottic region and the 





Fig. 6. (Case 4) Diagram of severe laryngeal and upper 
tracheal destruction following a gunshot wound ten years 
ago. 


upper 5 cm of trachea with only a string-like opening from the 
level of the glottis down to the tracheotomy site. The rest of the 
subglottic and upper tracheal area were replaced by scar tissue. 
The patient underwent a laryngotracheal reconstruction by excis- 
ing the glottic stenosis and then resecting all of the scar tissue in 
the subglottic and upper tracheal area. There was no remaining 
subglottic or tracheal mucosa and no usable cricoid cartilage or 
tracheal rings. The patient had one buccal mucosal graft sutured 
around the upper end of the modified Portex endotracheal tube 
stent. Then another larger buccal graft was sutured around a tra- 
cheal T-tube to hopefully provide mucosal lining for the posterior 
and lateral walls of the upper trachea (Fig. 7). The buccal muco- 
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Fig 7. (Case 4) es des illustrating the positioning of 
the laryngeal and tracheal stents. Upper end of tracheal 


T-tube was covered with a buccal mucosal graft. 
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Fig. 8. ‘Case 4) The second operation involved reconstructing the anterior tracheal wall with A) a local “turnover” and a 
regional rostion flap with B) “turnover” flap providing inner epithelial coverage, and C) tracheal T-tube maintaining 
patency with £ rotation chest flap used for neck skin resurfacing. 


sal graft for the t acheal reconstruction was supplemented with 
rotation flaps dev-loved from the posterior tracheal wall at the 
level of the trachestomy tube. These two stents were left in place 
for four months. When they were removed, the patient had mu- 
cosal continuity ofthe reconstructed larynx and posterior and lat- 
eral walls of the usper trachea with the normal distal trachea. A 
second stage operation involved reconstruction of the anterior 
wall using a local “turnover” flap for the inner tracheal epithe- 
lium and a region.1 upper chest rotation flap for neck skin cover- 
age (Fig. 8 A-C). No rigid implants were placed, but rather a 
tracheal T-tube was inserted to permit fibrous accumulation in 
the subepithelial tessues of these flaps around the T-tube to pro- 
vide the rigidity n-eded to maintain lumen patency. This T-tube 
was kept in position for six months and the man has now been de- 
cannulated for the last four months with only a small tracheocu- 
taneous fistula. He now has laryngeal speech for the first time in 
ten years and his leve. of activity has returned to a normal status. 


Case 5. The patent, following a total laryngectomy, developed 
a tracheal stenosis that extended from his stoma down to 2 cm 
proximal to the c.rina. Because of the extensive length of this 
stenosis, surgical r-section with reconstruction was not feasible. 
Therefore, the patent had the stenosis dilated followed immedi- 
ately by insertion Œ a specially designed and manufactured Silas- 
tic® tracheal tube Fig. 9). This total tracheal stent has now been 
in place for 14 morths and shows no radiographic evidence of ad- 
versely affecting the -rachea. Whereas prior to insertion of this 
stent the patient was at bedrest with partial airway obstruction, 
he is now baek to aormal activity and has resumed communica- 
tion with esophageal speech which he could not successfully per- 
form when he was obstructed. The plan is to leave this tracheal 
tube in place for am indeterminate period of time. 


Case 6. A quad=aplegic male developed a tracheal stenosis at 
the level of the end «tracheal tube cuff following a prolonged intu- 
bation for treatment of pneumonia. Because the patient’s cord 
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Fig. 9. (Case 5) Specially designed and manufactured 
tracheal tube used to maintain patency. 


level was such that he had restricted thoracic cage movement, a 
tracheal resection with primary reanastomosis was felt to repre- 
sent an excessive risk for him. Therefore, he underwent transtra- 
cheal excision of the granulation tissue and insertion of a T-tube. 
This tube has now been placed for six months and will be kept in 
place for an indefinite period. The patient's ability to com- 
municate and his activities are not at all restricted with the 
T-tube. 


Case 7, A mentally retarded male developed a tracheal stenosis 
at the site of an endotracheal tube cuff following prolonged endo- 
tracheal intubation used during treatment of a mediastinal hema- 
toma. The patient underwent tracheal resection and primary 
reanastomosis with insertion of a T-tube as an airway safeguard 
for this individual whose mental capabilities limit his ability to 
manage any insidious airway restriction which could develop 
without the use of the T-tube. The tube was kept in place for six 
months and then removed. However, the patient developed some 
audible respirations two weeks after removal. He had no airway 
distress, but because of his mental retardation,it was felt prudent 
to assure his airway with reinsertion of the T-tube. It has now 
been in place for a total of ten months and the patient's level of ac- 
tivity is back to normal, as is his ability to communicate, which is 
important for this particular individual. Plans are to keep this 
tube in place for an extended period. 


DISCUSSION 


The successful correction of acute and chronic 
laryngotracheal injuries has been and continues to 
be one of the toughest problems facing otolaryngol- 
ogists. Its complexity rivals the multiple variables 
associated with treatment decisions for head and 
neck cancers. The ultimate goal is to reconstruct an 
adequate airway for breathing without the need for 
permanent tracheotomy and also to maintain a 
voice quality adequate for communication. It is not 
possible to speak in terms of only one technique 
which is suitable for correction because the prob- 
lems differ according to what portion(s) of the 
larynx and/or trachea are involved. Even when the 
anatomical area of the injury has been defined, 
there are still a multitude of techniques that have 
been advocated for the successful correction of a 
particular problem. The extensive variety of 
surgical procedures probably attests to the fact that 
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not one procedure gives consistent results in all 
cases. This report has tried to illustrate the positive 
contribution of long-term stenting in the manage- 
ment of some of these difficult airway reconstruc- 
tive problems. 


Recent reports in the literature suggest tha: stent- 
ing may be deleterious. Thomas and Stevens? con- 
ducted an animal study to compare the use ef three 
stenting materials with no stent at all following in- 
tentional acute laryngeal injuries to dogs. Their 
study showed that those animals who had ne stents 
had the most complete and uncomplicated healing. 
It was their conclusion that stenting must be se- 
lected carefully depending on the severity of the 
clinical complication because of its potential 
adverse effect on wound healing. The results of this 
animal study are counterbalanced by the favorable 
results reported in 1977 by Goode and Shinn.?! 
Their report followed an earlier report?® describing 
the successful management of a posttraumatic 
tracheal stenosis with long-term stenting for nine 
months in one patient. 


It is important to emphasize that long-term stent- 
ing is not being advocated for every laryngotracheal 
injury encountered by the physician. A review of 
this series of patients indicates that their problems 
were complex for a variety of reasons. The two 
children with acute laryngeal injuries had mot only 
cartilaginous fractures, but also severe laryngeal 
soft tissue injuries. There are certain features of 
laryngeal soft tissue which provide a significant 
challenge for uneventful healing to occur. The 
laryngeal mucosa is loose and oftentimes there is no 
or minimal submucosa. Even with microsurgical 
techniques, which were used to reapproximmate the 
tissues in these two children (cases 1 and 3), it is still 
difficult to place sutures which can be expected to 
maintain epithelial continuity in this less than ideal 
tissue whose healing capabilities have been stressed 
even more by the edema and cell destruction 
associated with such an injury. 


Another patient (case 2) had previously under- 
gone a tracheal resection and needed an additional 
5 cm removal of this already shortened trachea. 
Even when the maximal surgical release techniques 
were used both superiorly and inferiorly, there was 
no way to achieve primary closure without con- 
siderable tension at the anastomosis site Some 
reports*®*’ in the literature state that the amount of 
tension involved with a tracheal resection of more 
than 4 cm is excessive and significantly decreases 
the chances of success 


No remaining mucosa or cartilage was present in 
the subglottis or trachea in this patient. He not only 
needed epithelium but also rigid support. The next 
patient (case 5) really had no options for treatment 
except long-term stenting. Temporary stenting fora 
distal tracheal stenosis with a long tracheotomy 


tube has been previously reported.?* In view of the 
fact that this man most probably will require a life- 
long stent, an inert, specially made tracheal tube 
was designed and manufactured specifically for this 
patient to minimize tissue trauma. The other two 
patients (cases 6 and 7) have concomitant health 
problems which favored a more conservative ther- 
apeutie approach to their tracheal stenoses. It be- 
comes apparent that long-term stenting seems to be 
especially useful in the cases that are more compli- 
cated either by magnitude of the severity of the lar- 
yngotracheal injury or by concomitant health prob- 
lems. 


When the dynamics of wound healing are con- 
sidered specifically in the context of the repair of 
laryngotracheal injuries, there seems to be a ration- 
ale for the use of stents. It is obvious that the ultim- 
ate goal is to restore epithelial continuity to mini- 
mize development of granulation tissue and subse- 
quent eollagen deposition which undergoes contrac- 
tion. As previously mentioned, there are certain 
features of laryngeal soft tissue which increase the 
difficulty in maintaining epithelial contact. Yet, the 
need to restore epithelial continuity is of paramount 
importance to decrease this inherent tendency for 
wound contraction. It is important to realize that 
there is still the problem of wound contraction even 
with restoration of epithelial coverage, especially 
with epithelial grafts. Both skin and mucosal grafts 
undergo contraction. Contraction which narrows 
the diameter of the airway by as little as 1 mm can 
result m partial airway obstruction. There is no safe 
margin of tolerance. The amount of contraction 
which occurs is less with skin flaps. However, the 
use of skin flaps has limited applicability due to the 
size of the areas being reconstructed in the laryngo- 
tracheal complex. The contraction seen with an epi- 
thelial graft is most probably a function of the colla- 
gen deposition in the subepithelial tissues. This is 
not necessarily an adverse factor. In fact, one pa- 
tient (case 4) had total subglottic and upper tra- 
cheal reconstruction based on the hypothesis that 
the amount of inelastic firm tissue deposited in the 
subepithelial tissues around a skin graft being main- 
tained by a long-term stent would provide adequate 
rigidity, and indeed this was the case. The intent of 
such long-term stenting is to permit the dynamics of 
wound healing to occur about a relatively inert ob- 
ject which resists the contraction process. When it is 
felt that wound healing has stabilized, the stent can 
safely be removed. 


Another variable which some authors fail to men- 
tion when discussing the inadvisability of stenting is 
that the phenomenon of wound healing is being spe- 
cifically challenged within the reconstructed laryn- 
gotrachea by an increased predilection for infec- 
tion. This adds additional stress which is not a part 
of wound healing when it occurs in other parts of 
the body that are not subjected to the prevalence of 
airway microflora. 
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There cre disadvantages to long-term stenting. In 
three of the patients, it resulted in persistent trache- 
ocutaneors fistulae which then had to be closed in a 
secondary procedure. The maintenance of the la- 
ryngeal stents with external neck skin buttons has 
increased the chance of infection with granulation 
tissue fornaticn on the neck skin. This can be a 
moderate prob em. But the major problem is deter- 
mining tte appropriate time for stent removal. In 
those four patients who have been successfully de- 
cannulated, the duration of stenting ranged from 
7-13 months with the average being 10 months. 
There does not appear to be any danger in leaving 
the stents in too Jong as attested to by the fact that 
one patiemt ha: had a stent in place for 14 months 
with no radiographic evidence of any irritation of 
the tracheal mucosa. Rather the problem seems to 
be at the other 2nd of the spectrum, namely remov- 
ing the stent to» soon. There seems to be no means 
of assessing the best time except for removing the 
tube and abserving the patient for airway problems 
after tube removal. One patient (case 7) had the 
tube remcved after six months of intubation and 
then developed audible respirations three weeks af- 


terwards, in spite of the absence of any granulation 
tissue at the tube site. The timing of the stent period 
should be based on the individual circumstances 
relative to the patient’s laryngotracheal problem 
and other health considerations. 


CONCLUSION 


The surgeon attempting to successfully treat 
acute or chronic laryngotracheal injuries needs a 
variety of surgical approaches in his armamentar- 
ium. The approach decided upon is a function of 
the location and extent of the injury. Buccal grafts, 
local flaps, regional flaps and tracheal resections 
with primary reanastomosis are just some of the 
commonly used approaches. The favorable exper- 
ience reported in this series of seven patients with 
severe laryngotracheal injuries supports Goode and 
Shinn’s report?! that the critical feature of any treat- 
ment program is the maintenance of lumen patency 
with a stent which is inert enough to permit long- 
term placement. It is emphasized that this tech- 
nique is not advocated for all clinical situations. It 
seems especially valuable in the more severe in- 
juries. 
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SILICONE TRACHEAL CANNULA 


WILLIAM W. MONTGOMERY, MD 


BosTON, MASSACHUSETTS 


This presentation is to introduce a silicone tracheal cannula which has been designed for use in selected cases instead of a tracheotomy 
tube. The design of the cannula was developed in the laboratory and has now been used clinically over a period of four years in 26 cases. 
Special features of the cannula include a one-size diameter which is suitable for all adults. An inner flange is shaped so as to conform with 
the inner aspect of the anterior wall of the trachea and to prevent rotation and anterior displacement of the cannula. The inner flange is 
angulated to allow for proper direction of the long axis of the cannula. An outer flange fits into one of a number of grooves and prevents 
posterior displacement of the cannula. Thus far the silicone tracheal cannula has been used in cases of sleep apnea, bilateral vocal cord 
paralysis in the position of adduction, intermittent glottic insufficiency, laryngeal carcinoma, chronic lung disease, and short-term necessi- 
ty for a tracheotomy. Special equipment has been designed for ease of the surgical procedure required for insertion of the cannula. A one- 
way valve has been designed which is easily applied to the cannula. A variation of the silicone tracheal cannula has been designed for long- 


term use. 


DESCRIPTION 


The silicone tracheal cannula (Fig. 1 A) has been 
designed to be used in place of a tracheotomy tube. 
The main advantage is that there is no foreign body 
projecting into the trachea as the silicone tracheal 
cannula extends only to the inner surface of the an- 
terior tracheal wall. The silicone tracheal cannula is 
constructed from vulcanized silicone material to 
which there is no tissue reaction. It is flexible and 
nonirritating. The cannula has an inside diameter 
of 8 mm which is an adequate airway for both male 
and female adults of all ages. The componeni parts 
of the silicone tracheal cannula include an inner 
flange which is thin and shaped so as to fit against 
the contour of the inner anterior tracheal wall. This 
inner flange is designed so that the vertical dimen- 
sion is greater than the horizontal dimension. This 
allows for ease of insertion into the opening of the 
anterior tracheal wall and also prevents rotation of 
the cannula once it is in place. The inner flange is 
fashioned at a 27° angle (Fig. 1 B) to the long axis of 
the tracheal cannula so that the cannula will project 
straight forward or in a slightly superior direction 
when inserted. The 27° angle was the end result of 
studying the angular relationship between the tra- 
chea and plane of the anterior cervical skin using 
soft tissue x-rays of 100 larynges and cervical tra- 
cheas. There are ten circumferential ridges on the 
shaft of the tracheal cannula. The three inner ridges 
are in the shape of circumferential barbs. This 
design allows the tracheal cannula to be easily in- 
serted but prevents it from being anteriorly dis- 
placed once it is fixed in place. The outer ridges are 
rounded. The grooves between these ridges serve to 
secure the face plate in the desired position accord- 
ing to the thickness of the wall between the trachea 
and the anterior cervical skin. There is a groove 
along the inferior surface of the shaft of the can- 
nula. This serves to allow for the drainage of serum 


and products of inflammation which may occur 
during the immediate postoperative period and also 
to identify the inferior aspect of the tube, thus being 
a point of reference to indicate if the inner flange 
has been accidentally rotated out of its proper posi- 
tion. 


The silicone tracheal cannula set also includes a 
wing-shaped face plate, a plug, and a ring washer. 
The wing-shaped face plate serves to secure the can- 
nula in place at the time of surgery. It is sutured to 
the skin with 3-0 polyethylene suture material. The 
plug is used to obstruct the cannula when the can- 
nula airway is not needed (Fig. 1 B). It is fixed in 
place simply by inserting and twisting it in a 
clockwise direction. The plug has a head so that it 
cannot be introduced too far into the tracheal can- 
nula. This also facilitates its insertion and removal. 
After the silicone tracheal cannula has been in place 
for a week, the wing-shaped face plate can be re- 
placed by the ring washer (Fig. 1 C). The washer is 
less bulky and prevents irritation of the skin sur- 
rounding the silicone tracheal cannula. The can- 
nula has now been used over a period of four years 
in 26 very carefully selected cases (Table 1). 


METHODS 


Either a vertical or a horizontal skin incision can be made to in- 
sert the silicone tracheal cannula (Boston Medical Products). I 
prefer the vertical incision made with an electrical knife (Fig. 2 
a). The median raphe between the sternohyoid and sternothyroid 
muscles is identified and incised. The thyroid isthmus is divided 
and suture ligated (Fig. 2 b). The anterior wall of the trachea is 
exposed so that the fenestration can be made at the proper level 
(Fig. 2c). 


The fenestration of the anterior tracheal wall is made with the 
tracheal trephine fenestrator (Figs. 2 d and 3 A). This tracheal 
fenestrator consists of an outer trephine knife which fits over an 
inner cannula. The trephine knife is 6 cm in length. The diameter 
of the trephine knife is 8 mm, which is 2 mm less than the outside 
diameter of the silicone tracheal cannula. Once the trephine 
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Fig. 1. A) The silicone tracheal cannula is shown along 
with the wing-shaped face plate, plug and ring washer. 
The outside diameter of the cannula is 10 mm, the inside 
diameter is 8 mm, and its length is 6 cm. The cannula is 
viewed from the bottom where there is a groove along its 
long axis. This groove serves both for drainage and also asa 
reference point to identify the inferior aspect of the can- 
nula. The first taree rings adjacent to the flange are 
roughly triangular in shape (circumferential barbs). This 
design assists in fixing the cannula in place and making it 
much more difficult to displace anteriorly. The remaining 
rings and grooves serve to secure the silicone face plate in 
place. The plug hes a head so that it cannot be introduced 
too far into the lumen of the cannula. B) The silicone 
tracheal cannula i; viewed from the side. The flange (ar- 
row), the only portion of the cannula to remain intra- 
luminal, is placed at a 27° angle to the long axis of the can- 
nula. The vertical dimension of this flange is much longer 
than its width. This shape permits it to fit snuggly against 
the concave contour of the anterior intraluminal tracheal 
wall. The silicone plug has been inserted and the face plate 
is placed in the fourth groove of the cannula. C) The face 
late has been removed from the cannula and is replaced 
by the ring washer in the fourth groove. 


TABLE 1. INDICATIONS FOR USE 
Sleep apnea — tube plugged except when sleeping 


Bilateral vocal cord paralysis (position of adduction) 


Temporary — after trauma to larynx 
— following thyroid or thoracic surgery 
Permanent — when a corrective procedure such as an aryte- 


noidectomy is contraindicated 


Intermittent laryngeal (glottic) insufficiency 

Neurological disorders — head trauma 

— myasthenia gravis 

— amyotrophic lateral sclerosis 
Laryngeal arthritis (cricoarytenoid) 
Intermittent laryngeal stridor — chronic laryngitis 

— laryngeal edema _postradi- 
ation therapy 


Laryngeal carcinoma with glottic insufficiency (used while re- 
ceiving radia- 
tion therapy) 

Chronic lung disease 


Short-term tracheotomy (when cuffed tracheotomy tube not re- 
quired) 
Following T-tube removal (until certain that airway is ade- 
quate) 


opening is made with this 8-mm trephine knife, it stretches so that 
it will easily allow the 10-mm diameter tracheal cannula. The 
cutting edge of the trephine knife is designed so that it can both 
cut and saw. The cutting effect is for the soft tissues of the anterior 
tracheal wall and the teeth are placed in order to cut through car- 
tilage which has become ossified. 


The second portion of the tracheal trephine fenestrator is an in- 
ner cannula which fits snuggly inside the trephine fenestrator. 
This is 8'4 mm in length. The serrated end fits into the suction 
tubing. 


To use the tracheal trephine fenestrator, the inner cannula is 
first attached to suction tubing (Fig. 3 B). The fenestrator is 
placed over the inner cannula so that the inner cannula projects 
beyond the cutting edge of the fenestrator (Fig. 2 d). The project- 
ing edge of the inner cannula is then placed against the anterior 
tracheal wall to which it immediately adheres due to the negative 
pressure inside (Fig. 2 d). The outer, or trephine, portion of the 
tracheal fenestrator is advanced to the anterior tracheal wall and 
rotated in a clockwise direction to incise a core of anterior trache- 
al wall (Fig. 4 a). The core of trachea thus removed either re- 
mains adherent to the end of the inner cannula or is aspirated into 
the suction tubing. 


The advantages of this instrument over the previous methods 
for making a tracheotomy fenestration are that it is simpler, less 
traumatic to the trachea, and a perfectly round fenestration can 
be made in the anterior tracheal wall (Fig. 4 b). 


To insert the end of the silicone tracheal cannula into the 
trachea, its end is compressed using a curved hemostat. In so do- 
ing, this end forms a point (Fig. 4 c) which can easily be inserted 
into the lumen of the trachea (Fig. 4 d). The tracheal cannula is 
then pulled anteriorly until the inner flange fits snuggly against 


the intraluminal anterior tracheal wall (Fig. 5 a, b). 


The wound is closed in layers above and below the silicone tra- 
cheal cannula (Fig. 5 c). The face plate is applied over the tra- 
cheal cannula and is then advanced until it fits fairly closely but 
not too tightly against the skin (Fig. 5 c). One 3-0 polyethylene 
suture is placed in each wing of the face plate to secure it to the 
skin (Fig. 5 d). Anesthesia or oxygen can be administered by way 
of the tracheal cannula as the patient recovers from general 
anesthesia. If there is a significant loss of air superiorly into the 
upper respiratory system, or if anesthesia is to be continued. then 
a Fogarty® catheter* is inserted and inflated superior to the level 
of the silicone tracheal cannula. 


"American Hospital Supply Corp, Irvine, Calif. 
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Fig. 2. a) A vertical skin incision is made to expose the thyroid isthmes, and b) it is divided and suture ligated. c) The 
divided segments have been dissected away from the anterior tracheal wall. The site for the fenestration is indicated. d) The 


tracheal trephine fenestrator has been placed over its inner cannula which in turn is connected to suction tubing and placed 
against the anterior tracheal wall. 
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Fig. 3. A) The tracheal trephine fenestrator is shown to 
the right of its inner cannula. The blade (arrow) of the 
fenestrater is sharp for a clean cut of the tracheal wall and 
also has teeth so that it can easily cut through ossified 
tracheal -ings. B) Suction tubing has been attached to the 
serrated end of the inner cannula of the tracheal fenestra- 
tor. The nner canaula projects beyond the cutting edge of 
the fenes-rator until it is applied to the anterior wall of the 
trachea. 


POSTOPERATIVE CARE 


The face plate is left in place for seven to ten days 
or until the silicone tracheal cannula is secured in 
place and the tracheotomy incision is healed. it is 
advisable to clean under the face plate twice a day 


with either peroxide solution or Betadine® solution. 
A record is made of the groove into which the face 
plate has been inserted. 


The small silicone ring washer replaces the face 
plate in the same groove when the face plate is re- 
moved (Fig. 5 e). The cannula can be shortened to a 
convenient length at this time simply by cutting it 
with straight scissors. The ring washer prevents me- 
dial displacement of the tube and is much less irri- 
tating to the skin surrounding the tracheotomy as 
compared to the face plate. 


The silicone tracheal cannula can be plugged 
when it is not needed to assist or replace the upper 
airway. The plug is inserted with a twist and will 
remain in place by friction. A silk suture can be 
placed through the plug and around the neck to 
prevent its being lost when not in use (Fig. 5 e). 


Postoperatively, a lateral soft tissue x-ray, pre- 
ferably a xeroradiograph, of the larynx and trachea 
is obtained to make certain that the inner flange is 
in the proper position and firmly against the inner 
aspect of the anterior tracheal wall (Fig. 6). 


LONG-TERM SILICONE TRACHEAL CANNULA 


The silicone tracheal cannula has been altered for 
a long-term tracheotomy by omitting the three 
barb-like rings adjacent to the inner flange. The 
shaft of the cannula between the inner flange and 
the first outer ring has a highly polished surface 
(Figs. 6 D and 7 A). This surface permits and en- 
courages growth of epithelium both from the tra- 
chea and the skin so as to line the tissue of the 
tracheotomy tract. 


Two washers are supplied with the long-term 
silicone tracheal cannula. These washers can be 
placed in various positions as shown in Figure 7 B, 
C. The position of the washer(s) depends on the 
distance between the anterior tracheal wall and the 
surface of the anterior cervical skin and are 
necessary to maintain the position of the inner 
flange against the anterior cervical tracheal wall. 
The plug is used in patients who require a tra- 
cheotomy intermittently. A patient with sleep 
apnea, for example, would use this plug during 
waking hours and remove it at night for sleep. 


VALVE FOR THE SILICONE TRACHEAL CANNULA 


A special valve (Fig. 8) has been designed. This is 
attached to the silicone tracheal cannula in those 
patients with insufficient inspiratory airway and 
adequate expiratory airway. An example of this is a 
patient with bilateral vocal cord paralysis in the 
position of adduction. The housing of the valve 
mechanism is constructed from a more dense sili- 
cone as compared to the silicone tracheal cannula. 


The valve is applied to the silicone tracheal can- 
nula by inserting it over the cannula which has been 


shortened to the desired length (Fig. 8 B, C). It is 
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Fig. 4. a) Once the inner cannula has become adherent to the anterior tracheal wall by suction, the outer, or trephine, 
portion of the tracheal fenestrator is advanced to the tracheal wall. A core ef tracheal wall is cut by rotating the fenestrator in 
a clockwise direction. The suction will prevent this core from falling into the tracheal lumen. b) The anterior tracheal wall 
has been fenestrated. c) The flanged and of the tracheal cannula is grasped with a curved hemostat and inserted through the 
fenestrated tracheal wall. d) The flange is now intraluminal. l 


held in place by four prongs which fit into the against the inside of the anterior aspect of the valve 
groove of the cannula (Fig. 8 C). housing during expiration (Fig. 8 F). During force- 

The valve mechanism consists of a very thin sili- ful expiration such as coughing, the diaphragm of 
cone hinged diaphragm (Fig. 8 D) which opens in- the valve pressure releases by partially extruding 


wardly during inspiration (Fig. 8 E) and closes from the anterior end of the valve housing (Fig. 8 
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Fig. 5. a. b) The end of the cannula is pulled anteriorly so that the flange fits snuggly against the anterior intraluminal 
tracheal wa_. c) Following repair of the incision, the face plate is advanced to the groove adjacent to the skin surface, and d) 
is secured tosthe skin with one 3-0 polyethylene suture through each wing. An endotracheal tube can be inserted into the sili- 
cone tracheal cannula as the patient recovers from anesthesia. e) The face plate has been removed and replaced by the ring 


washer. The cannula can be shortened by cutting it in a groove with straight scissors. A silk suture is placed through the plug 
so that it wi not be lost when not in use. 
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G). The diaphragm of the valve is very easily 
reengaged into functioning position by placing the 
end of the index finger against the end of the valve 
housing. 


The silicone tracheal cannula valve has advan- 
tages over previous tracheotomy valves. Duming in- 
spiration it allows for sufficient air flow even during 


C 


strenuous exercise. The valve is silent as it functions 
in contrast to the very noisy clicking sound of the 
metallic tracheotomy valves. The valve is easily 
cleaned using liquid detergent (liquid Ivory®) and 
then rinsed with clear hot water. It is either air 
dried or dried with an ordinary towel. The valve is 
durable and almost indestructible and rarely needs 
repair. 





Fig. 6. A) Soft-tissue x-ray or xeroradiograph is taken postoperatively te determine the position of the inner flange and 


shows it too far intraluminally. B) The cannula was advanced and is now in proper position. C) The flange of the cannula is 
in the soft tissues (arrow) anterior to the trachea and must be pushed into the lumen of the trachea. D) A xeroradiograph of 
another patient showing the inner ange fitting snuggly against the anterior intraluminal trachea. Note that there are no 


ridges on the cannula between the trac 


ea and skin (arrow). This cannula has been designed for long-term use. This x-ray 


also demonstrates the advantage of the 27° angle of the flange to the long axis of the cannula. 
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Fig. 7. A) The silicone tracheal cannula for long-term use is shown with two washers and a plug. This differs from the 
other -annula in that the three circumferential ridges adjacent to the inner flange are omitted. B) The washer is placed in 
varied positions depending on the distance between the anterior trachea! wall and the skin. In this photograph the washer is 
placec in the innermost groove. C) Two washers are placed posterior to the innermost ridge when the distance between the 
trachea and skin is short. 





Fig. 8. A) A side view of the valve for the silicone tracheal cannula is shown in this photograph. The outline (arrow) of 
the hmged diashragm can be seen inside the valve housing. B) In this case there is a short s a between the anterior 
tracheal wall and the skin. The two washers are applied posterior to the innermost ridge. C) The cannula is shortened to the 
desired length (here, two grooves showing) with suture scissors or a number ten surgical blade. The four prongs on the 
posterior aspec- of the valve housing serve to secure the valve to the cannula. D) The hinged diaphragm can be seen inside the 
antersor aspect of the valve housing. E) The valve has been applied to the cannula. The diaphragm is pulled inward during 
inspiration. F) During expiration the diaphragm is forced against the valve housing and he expired air is directed to the 
laryn=. G) During forced expiration such as a severe cough the diaphragm is forced through the opening in the anterior aspect 
of the valve housing. The diaphrari is easily replaced with a touch of the finger. 
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AN ENDOSCOPIC TECHNIQUE FOR RESTORATION OF VOICE 
AFTER LARYNGECTOMY 
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Reports of restoration of voice after total laryngectomy include diversion of exhaled pulmonary air through planned or spontaneous 
fistulae with a variety of modified tracheal cannulas and valves. Limitations of these techniques include aspiration, scar closure of the 
shunts, wound complications, and failure to achieve voice consistently. We report a two-year experience with an endoscopic method using 
a unique valved prosthesis eliminating complicated surgical reconstructions, aspiration, and stenosis. Fifty-four of 60 patients (90% ) 
achieved fluent voices with one deglutition problem. Radiation therapy preceded voice restoration in 63% of the patients and radical neck 
dissection in 72% . The endoscopic procedure, hospitalization and period of speech therapy are short and constitute a cost-effective voice 
rehabilitation program. The results of this simple method and lack of complications are encouraging. 


INTRODUCTION 


Restoration of voice after total laryngectomy may 
occur with diversion of exhaled pulmonary air into 
the esophagus or hypopharynx. Successful case re- 
ports of spontaneous fistulae and planned shunts ac- 
company the history of laryngectomy surgery." 
There are also descriptions of modified tracheal 
cannulas, flutter valves, reeds, and air bypass 
devices spanning nearly 100 years.*’ Glottic 
replacement procedures for restoration of laryngeal 
functions are frequently complicated by aspiration, 
scar obliteration of the shunts, or breakdown of the 
operated tissues. 


In 1958 Conley et alë stated: “The technical prob- 
lem to overcome consisted of creating a passageway 
that would permit the free flow of air from the 
trachea into the esophagus without the passage of 
food or saliva from the gullet into the trachea. The 
great inconvenience caused by an inadvertent small 
pharyngeal or esophageal fistula would unquestion- 
ably condemn any such uncontrolled communica- 
tion.” Ogura et al? proposed an experimental 
laryngeal substitute based on observations of satis- 
factory function of the “simplified” larynx fol- 
lowing conservation surgery. Long-term animal re- 
sults were characterized by life-threatening aspir- 
ation pneumonia, obstruction, and rejection of the 
implanted prosthetic devices. 


Recently European and Japanese laryngologists 
have introduced subtotal laryngectomy with main- 
tenance of some residual laryngeal function, or 
total laryngectomy with construction of a tracheo- 
hypopharyngeal shunt for voice restoration. '®™'? 
The ideal of voice without external fistulae and ap- 
pliances makes these techniques of interest. The 
results, however, are inconsistent; and the incon- 
veniences of leakage and stenosis of the shunts re- 


quire multiple revision procedures for satisfactory 
function. 


The “neoglottic” procedures, as they have been 
incorrectly labeled, are applied to lesions failing the 
established criteria for conservation laryngeal sur- 
gery. In many cases, they represent extended con- 
servation procedures or narrow field laryngec- 
tomies. The local recurrence rate is unacceptable 
and has been reported as high as 25% in pseudo- 
glottic reconstructions. ™ 


The conventional treatment of extensive laryn- 
geal carcinoma often includes radical neck dis- 
section and supravoltage radiation therapy. Pri- 
mary voice restoration surgery in this population is 
accompanied by a considerably higher incidence of 
stenosis. wound breakdown, and mediastinitis than 
would be expected in patients undergoing laryn- 
gectomy alone.'*'5 Delayed voice restoration after 
laryngectomy is no freer of serious complications, 
with carotid hemorrhage reported in some in- 
stances. '° 


We propose in this paper a simplified method for 
voice restoration after total laryngectomy.'’’'® It is 
an endoscopic procedure, and the problems of as- 
piration and stenosis are eliminated by the use of an 
inexpensive, miniature, valved prosthesis developed 
by the authors. The rehabilitation is rapid follow- 
ing the procedure, and the complications are 
minimal. 


METHODS 


The series consists of 60 patients treated over a two-year period 
from February 1978 to February 1980, at the Indiana University 
Medical Center and Veterans Administration Medical Center, In- 
dianapolis, Indiana. There were 14 females and 46 males, with an 
age range from 42 to 78 years. 


Forty-three patients (72%) had radical neck dissection with 
four bilateral dissections. Radiation therapy was used either 


From the Department of Otorhinolaryngology, Indiana University School of Medicine and the Audiology-Speech Pathology Service, Veterans Admin- 


istration Medical Center, Indianapolis. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, April 14-15, 1980. 
REPRINTS — Mark I. Singer, MD, 1633 N. Capitol Avenue, Suite 780, Indianapolis, IN 46202. 
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Fig. 1. Blom-Singer voice prosthesis. A - Retention 
flange; B - Port for air entry; C - One-way valved end. 


before the laryngectomy or after, but preceded the voice restora- 
tion in 38 patients (63%). The radiation dosage ranged from 
4,500 to 7,600 rads mainly delivered by supravoltage equipment. 


Thirty-one patients (52%) received both radiation therapy and 
radical neck dissections and four had staged, multiple flap recon- 
struction of the pharynx. Only four had developed some func- 
tional esophageal voice and the artificial larynx users were not 
satisfied with their mechanical voice. The earliest the procedure 
was applied was four weeks after laryngectomy and the longest 
was 19 years. 


All patients were assessed preoperatively by esophageal air in- 
sufflation. A catheter (French No. 12) is passed through the nose 
into the esophagus to the level of the tracheostoma. Air is gently 
insufflated with the patient at rest, and it leaves the oral cavity 
producing an esophagzal sound. If the air passes into the stomach, 
the catheter is withdrawn until oral escape is detected. Catheter 
placement in the oropharynx or superior hypopharynx will result 
in a breathy whisper and is avoided by further insertion until the 
esophagus is set into vibration. 


When sound is produced, the amount of pressure required is 
subjectively noted. Tle patients are then instructed to participate 
by counting or forming words. The quality of airflow during par- 
ticipatory speech is observed with particular reference to spasm 
and duration of voice ‘see discussion). 


Voice Restoration Method. The endoscopic procedure is de- 
signed to preduce a controlled midline tracheoesophageal “punc- 
ture.” The puncture is stented 36-48 hours until the voice pros- 
thesis is inserted. The site in the stoma is selected for patient acces- 
sibility for hygiene, end to eliminate mechanical obstruction to 
breathing. 


The voice prosthesis functions as a one-way valve stent (Fig. 1). 
It is a hollow tube of silicone, 3 cm long. Thin flanges on either 
side provide retentior. The outside diameter is 5.4 mm (French 
No. 16). At the proximal end (esophageal side) is a razor-thin slit 
paralleling the long axis of the tube. It opens as a “duck’s bill” 
with positive air pressure permitting airflow into the esophagus. * 
It remains closed during swallowing, and performs as a compe- 
tent one-way valve. The distal end (tracheal side) includes a port 
on the inferior surface measuring 3.5 x 7.0 mm for exhaled air en- 
try; and the end is open to permit cleaning and to decrease the 
mechanical resistance to airflow at the stoma. 


*Blom-Singer Voice Prosthesis, Bivona Surgical Instruments, Inc, Ham- 
mond, Ind. 


Fig. 2. Perforated esophagoscope in position with pos- 
terior tracheal wall puncture. Inset) Puncture at 5 mm 
from mucocutaneous junction at superior aspect of tra- 
cheastoma. 


An esophagoscope is placed 2 cm inferior to the tracheostoma. 
We prefer a modified 7 x 30 cm fiberoptic Holinger esophago- 
scope, perforated on the beveled surface’ (Fig. 2). Transillumin- 
ation of the light through the membranous tracheal wall as well 
as palpation of the perforation on the endoscope serve to orient 
the operator. 


A trocar is fashioned from a disposable 14 gauge intravenous 
catheter set, by bending it to form a “C” curve.* This is intro- 
duced by the operator through the posterior tracheal wall into the 
esophagoscope perforation. The puncture is monitored at all 
times by the endoscopist to prevent a misdirected perforation. 


Ideally, the puncture is situated 3 to 5 mm inferior to the muco- 
cutaneous junction of the stoma at the superior aspect (Fig. 2). It 
must cross the membranous wall of the trachea to prevent the risk 
of salivary leakage. This level also insures access to the esophagus 
at a point inferior to the pharyngeal constrictors and Killian’s in- 
let. 


The disposable intravenous catheter with wire stylet (60 cm, 24 
in) is inserted through the needle and retrieved in the esoph- 
agoscope by the endoscopist. The needle is withdrawn and the in- 
travenous catheter is attached to a straight urethral catheter 
(French No. 14). The tracheal puncture may be dilated with a 
right-angled hemostat, and the catheter is drawn retrograde into 
the oral cavity (Fig. 3A). 


A loop is completed by drawing the intravenous catheter out of 
the nose with a second urethral catheter and fixing it to the end of 
the stent to prevent accidental dislodgement (Fig. 3B). The cath- 
eter should rest in the hypopharynx for normal swallowing in the 
postoperative period. 


In the immediate postoperative period, stoma hygiene is main- 
tained by continuous humidification and topical instillation of a 
10% solution of acetyleysteine. Analgesics are unnecessary and 
antibiotics are not used. On the first postoperative day a progres- 
sive diet is resumed without difficulty. 


On the second day, the stent is withdrawn through the nose, 
the valved voice prosthesis is inserted, and its flanges are taped to 
the paratracheal skin. The surgeon and speech pathologist select 
the proper length prosthesis and insert it in the puncture site im- 
mediately after removal of the stenting catheter. It is fixed to dry 
skin by double-backed adhesive tape. A coating of tincture of ben- 
zoin is applied to the skin and flanges, and two reinforcing strips 
of paper adhesive tape are placed (Fig. 4). 


The patient is instructed to occlude the stoma to divert exhaled 
air through the voice prosthesis into the esophagus, and voice is 
obtained immediately. The speech pathologist instructs the pa- 


*Intracath Intravenous Set, Deseret Co, Inc, Sandy, Utah. 
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Fig. 3. A) Retrograde placement of catheter for stenting of puncture. B) Stent in place in hypopharynx with pull-out 


catheter exiting the nose. 


tient in proper breath control, articulation, and if necessary, mus- 
cle relaxation for satisfactory voice production. 


Although the prosthesis remains in place at all times, the pa- 
tient is instructed on daily removal, cleaning, and replacement as 
part of his speech therapy. The diet remains unrestricted, and pa- 
tients are released from the hospital on the average im four to 
seven days. 


RESULTS 


Satisfactory communication is regarded as intelli- 
gible and fluent to listeners, while nonfluent 
speakers are classified as failures. From the 60 pa- 
tients, 54 (90%) achieved fluent voices, and were 
satisfied with their communication ability. 





Fig. 4. Voice prosthesis in puncture placed in superior 
tracheostoma. 


No operative complications of infection, wound 
breakdown, hemorrhage, or aspiration have been 
noted. Swallowing is reported as normal, and on 
contrast radiography appears unimpeded. Only one 
patient developed leakage around the voice prosthe- 
sis, and required a second procedure for closure. 
Five others have developed transient leakage 
around the voice prosthesis from two to eight 
months postoperatively. This is successfully elimin- 
ated by electrocauterization of the puncture site to 
enhance stenosis. 


The six voice failures were “closed” simply by 
removing the voice prosthesis. Within one hour the 
puncture did not leak saliva, and a normal diet 
could be resumed in six hours. A small mucosal in- 
dentation remained on the tracheal wall at 24 hours 
with no evidence of aspiration. 


Inadvertent dislodgement of the voice prosthesis 
occurred in 15 patients, usually because of lack of 
attention to adequate installation. The punctures 
were too stenotic for the patient to reinsert the pros- 
thesis comfortably, but were easily dilated with 
urethral dilators for reintroduction of the prosthe- 
sis. 


Twenty-six months is the longest interval that a 
patient has used the voice prosthesis, and the short- 
est is two months. There are 6,960 patient days of 
continuous prosthesis use with an average device 
life of 60 days. Valve deterioration is indicated by 
leakage through the prosthesis with resultant 
coughing. 


DISCUSSION 


The tracheoesophageal puncture and valved 
voice prosthesis provide a simple method for voice 
restoration. The endoscopic midline puncture safely 
avoids vascular injury, and decreases the risk of 
salivary leakage into the neck or mediastinum. The 
puncture is accessible for inspection, patient main- 
tenance, and stenting with the valved prosthesis. A 
complicated series of stoma fittings, intercon- 
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necting tubes, and valves are unnecessary. This 
technique elimmates the need for skin flaps, dermal 
or mucosal tubes, and pharyngostoma construction. 
The contraindications of radical neck dissection, 
radiation, and postoperative tumor recurrence are 
avoided. 


The surgical procedure and period of hospitaliza- 
tion are short. Speech therapy for prosthesis use and 
initial voice production is necessary and can be pro- 
vided by speech pathologists experienced in conven- 
tional alaryngeal voice rehabilitation. The time re- 
quired is also short and represents a cost-effective 
voice rehabilitation program. 


Although this method appears uncomplicated, it 
is not always “2asy” and a number of factors must 
be considered. A small number of the cases will re- 
main voice failures, and five of the six failure pa- 
tients in this series had severe pharyngoesophageal 
spasm with vo untary airflow. This was apparent 
because of voice failure and resultant gastric disten- 
tion. The sixth patient had a tight pharyngeal stric- 
ture superior to the puncture site effectively preven- 
ting airflow. 


The voice fa lures can be predicted preoperative- 
ly by the air insufflation test. The test is critical to 
successful patient selection. Limitation to airflow 
by this test cor-elated well with lack of initial voice 
fluency and the reed for reeducation of the pharyn- 
goesophageal muscles for voice production. To date 
there have been both false positives and negatives, 
but in limited numbers. We use the test as a relative 
guide to patient selection, and estimation of time 
involved for pestsurgical rehabilitation. 


Other patient selection factors must be con- 
sidered jointly by the surgeon and speech pathol- 
ogist. The patient himself should be motivated for 
voice restoratien rather than the family. This is of 
particular sigmficance among the elderly. The pa- 
tient must be eapable and interested in caring for 
the stoma and the prosthesis. These functions can 
rarely be delegated to a family member or visiting 
nurse. 


Candidates should be recovered from the laryn- 
gectomy and ¿ll adjunctive therapy. They should 
demonstrate a suitable disease-free interval. Con- 
ventional speech therapy may be offered and tried 
if the patient cesires. 


The tracheostoma must be of adequate size and 
not retracted behind the manubrium. Chronic tra- 
cheitis and ulceration must be absent before punc- 
ture. If the patient customarily uses a tracheal can- 
nula, this is continued following the puncture pro- 
cedure. 


If there is a history of previous unplanned 
fistulization, stricture, or flap reconstruction, a 
barium esophazogram is important for preoperative 
assessment. Di atations may be required to main- 





Fig. 5. Respiratory valve for stoma occlusion. A - Ad- 
justable valve diaphragm; B - Disposable valve casing; C - 
Self-contouring parastomal valve housing. 


tain an adequate lumen for normal nutrition and 
satisfactory airflow for voice production. 


The patient's general status and medical history 
are reviewed from the standpoint of anesthetic tol- 
erance. Severe arthritis, visual disturbance, and 
general unreliability are relative contraindications 
for this procedure. Chronic obstructive pulmonary 
disease, diabetes, and alcoholism have not pre- 
sented significant problems for this method of voice 
restoration. 


The patient’s ability to occlude the stoma for 
voice production varies widely. Careless occlusion 
allows air escape and decreases the speech intelligi- 
bility. Heavy-handed occlusion may distort the tra- 
cheoesophageal communication and choke off the 
voice. Occupational constraints, such as the need to 
have two hands free, or unclean working condi- 
tions, limit the ability to occlude the stoma. 


We have developed a light-weight, two-way re- 
spiratory valve for use with the voice prosthesis to 
address these problems* (Fig. 5). It allows two-way 
airflow at the stoma for breathing and converts to a 
one-way inspiratory valve with increased breath 
pressure for voice production. Air is then diverted 
into the esophagus, eliminating the need for finger 
occlusion of the stoma. With the increased respira- 
tory demands of exercise, the valve tolerance is ad- 
justable, and the soft diaphragm will evert when ex- 
piratory pressure increases during coughing. 


The valve fits a housing which is applied to the 
paratracheal skin, eliminating an indwelling can- 
nula and the potential problems of tracheitis, dila- 
tion, and air escape. The valve housing and dia- 
phragm measure 2.5 cm in diameter by 1 cm in 
width. The optional respiratory valve is intended 
for use with the voice restoration method and voice 
prosthesis described in this paper. 


*Tabor Plastics, Inc, St. Louis, Mo. 


POSTLARYNGECTOMY VOICE RESTORATION 533 


CONCLUSION 


In a series of 60 patients after total laryngectomy, 
54 have achieved fluent voice without disruption of 
normal swallowing or respiratory function by the 
method of endoscopic tracheoesophageal puncture 
and indwelling voice prosthesis. The low failure 
rate and freedom from complications have been ob- 
served over a two-year period in patients with ex- 
tensive primary resections, radiation therapy, and 
varying socioeconomic status. 


As a delayed or secondary method for rehabilita- 
tion after total laryngectomy, no compromise of 
conventional cancer surgery or radiation occurs. 
The need for skin or mucosal tubes, multistaged 
pharyngostoma construction, and complicated air 


bypass devices is eliminated. The high risks of rad- 
ical surgery and radiation therapy are not en- 
countered. The airway requires no protection with 
a cuffed tracheotomy cannula, and the patient 
maintains normal swallowing and independent care. 


The surgeon and speech pathologist work as a 
team for the selection and rehabilitation of the 
laryngectomy patient. It is this interdisciplinary ap- 
proach to the communication-impaired patient that 
forms the cornerstone of this voice restoration 
method. We are encouraged by the results of this 
simple method and its lack of complications. It ap- 
pears to represent a safe and effective procedure for 
alaryngeal voice restoration in a majority of pa- 
tients who have undergone removal of the larynx. 
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NEOGLOTTIC RECONSTRUCTION FOLLOWING TOTAL 
LARYNGECTOMY 


A REAPPRAISAL 


BRUCE LEIPZIG, MD 


GALVESTON, TEXA® 


The purpose af -his paper is to analyze the problems and complications which have resulted from neoglottic reconstruction at the 
University of Texas Medical Branch in Galveston. It has been performed as a primary procedure at the time of laryngectomy on 50 pa- 
tients. Over 40% ct these patients have required a second operative procedure to control major complications of their neoglottis. Aspiration 
is a nearly constant feature of the procedure, and a significant number of patieats do not tolerate it well. Radiation therapy does not appear 
to increase the number of problems, but the complications are more severe when they do occur, and they are more difficult to control. The 
indications for surgical neoglottic reconstruction cannot be extended beyond those tumors which are within the confines of the larynx 
without an increasec. incidence of major complications. Other relative contraindications to this surgery are poor patient pulmonary 
reserve, reflux esophageal incompetence, and a “hyperactive” gag reflex. Nine patients with prior treatment which included a total 
laryngectomy underwent secondary neoglottic reconstruction. In our experience, all have had significant aspiration. About one half of 
these patients developed speech. The procedure of neoglottic reconstruction must be reviewed critically prior to popular introduction into 
the surgical armaraentarium. A plea for careful study by a small number of experienced surgeons is now in order. 


The recent o-:olaryngologic literature contains 
several articles attesting to the reliability of the 
operation and tne success of vocal rehabilitation 
with a one-stage neoglottic reconstructive tech- 
nique based or that of Staffieri..* Numerous 
workshops anc presentations seem to promote the 
operation as a simple procedure to learn and per- 
form. A second modification is now receiving atten- 
tion as a surgical technique of vocal rehabilitation 
for previous laryvngectomees. The purpose of this 
paper is to analyze the problems and complications 
which have resulted from neoglottic reconstruction 
as a primary procedure following total laryngec- 
tomy on 50 patients, and as a secondary procedure 
for previous laryngectomies on 9 patients at the 
University of Texas Medical Branch in Galveston 
during the 3"; years from October 1976 to April 
1980. Our initial enthusiasm for this surgical pro- 
cedure must be tempered by a critical review of our 
results. 


METHODS 


Fifty-nine patients have undergone neoglottic reconstruction as 
described by Staffieri et al,‘ Griffiths and Leipzig,’ and Leipzig et 
al? at the University of Texas Medical Branch in Galveston since 


TABLE 1. PATIENTS UNDERGOING NEOGLOTTIC 


___....___ RECONSTRUCTION oo 
Year | Primary Seconda 
1976-1977 12 Ò 
1977-1978 18 2 
1978-1976 17 7 
1979-1980 (6 mentas) 3 0 
Total 50 9 


October 1976 (Table 1). Objective analysis of the success or fail- 
ure of neoglottic reconstruction has been assessed according to 
three major criteria: 1) the adequacy of cancericidal surgery 
which is evaluated by the success of local cancer control in the op- 
erative field; 2) the ability to swallow food as well as handle one’s 
own secretions without aspiration through the neoglottic tracheo- 
esophageal fistula; and 3) the production of vocal sounds that are 
accep‘ able for communication purposes. Further, the role of ad- 
junctive radiotherapy has been evaluated to determine its effect 
on eaeh of these three criteria. 


RESULTS 


At this time, nine patients have evidenced recur- 
rence of their primary laryngeal cancer as shown in 
Table 2. Three have recurred locally, ie, at the site 
of the neoglottie fistula and tracheostoma. Each of 
these patients had subglottic extension of disease 
greater than 1 cm below the inferior margin of the 
true vocal cords on pathologic examination. Each 
should have had a lower resection of the trachea to 
prevent recurrence. Six other patients had recur- 
rence of carcinoma; all were at sites metastatic to 
their original disease and resection. Nineteen pa- 
tients had subglottic extension of a vocal cord car- 
cinoma that was less than 1 cm in length, and none 
have recurred in the operative field following total 


laryngectomy and neoglottic reconstruction (Table 
3). 


TABLE 2. PATIENTS WITH RECURRENCE OF 





aa = MPE E E EE E, 
Local (stoma) 3 
Regional 3 
Distant 3 
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TABLE 3. SUBGLOTTIC EXTENSION AT PATHOLOGIC 


EXAMINATION 
No. 
Patients Recurrence 
None 28 Ə 
Less than 1 cm 19 l 
More than | cm 3 a 
Total 50 9 


*Local (stoma). 


All patients undergoing neoglottic reconstruc- 
tion, whether primary or secondary, have some dif- 
ficulty with aspiration. The aspiration is often 
minor with only a bubble of saliva evident at the 
neoglottic fistula when the patient attempts to 
swallow; but in 40% of patients undergoing pri- 
mary reconstruction, it is a potential threat to life. 
In order to objectively evaluate this difficulty, each 
patient was assigned a grade from 1 to 4 as seen in 
Table 4, with grades 3 and 4 considered major com- 
plications, which potentially threaten survival from 
the operation. Twenty of 50 patients (40%) ex- 
perienced aspiration to a significant degree (Table 
5); 14 of these 20 neoglottic fistulae required revi- 
sion, and one half of them were closed in order to 
control aspiration. 


Among patients who received a neoglottie fistula 
metachronous to total laryngectomy, ie, a secon- 
dary neoglottic reconstruction, aspiration has been 
an even more serious problem (Table 5). All of these 
patients experienced major difficulty, with six of 
nine patients evaluated as grade 3 and 4 aspirators. 
Most patients have required or chosen closure of 
their neoglottis after attempts at revision surgery 
were unsuccessful to control aspiration. 


TABLE 4. COMPLICATIONS OF ASPIRATION 


Grade 


l Bubble on neoglottic fistula 
2 Occasional cough, no significant problems 


3 Constant cough, worse with eating (ie, potentially 
dangerous) 
4 Pneumonia 


The third major area of evaluation is neoglottic 
speech. A simple objective evaluation of the success 
of the operation in this area requires, as its only 
criterion, that the patient be able to communicate 
primarily with his neoglottic voice. The patient 
who can make sounds or utter an occasional word 
or syllable cannot be considered a successful neo- 
glottic speaker. Utilizing this criterion, neoglottic 
speech was evaluated in each patient (Table 6) with 


TABLE 5. RECONSTRUCTION PATIENTS EXPERIENCING 


ASPIRATION (N = 50) 





Grade Primary Secondary 
l 15 0 
2 15 3 
3 13 4 
4 7 2 


TABLE 6. EVALUATION OF NEOGLOTTIC SPEECH 


Grade 
l Excellent subjective speech 
2 Communicates with voice primarily 
3 Occasional word or syllable produced 
4 Requires lip reading to understand sounds 


grades l and 2 considered as “success.” Using these 
criteria, 25 of 50 patients (50%) who underwent 
primary neoglottic reconstruction and 4 of 9 pa- 
tients (44%) who underwent secondary neoglottic 
reconstruction had successful voice production 


(Table 7). 


TABLE 7. VOICE PRODUCTION FOLLOWING 
NEOGLOTTIC RECONSTRUCTION (N = 50) 


No. Patients 
____ Grade Primary, Secondary 
l fi 2 
2 18 2 
3 ll 4 
4 14 ] 


Radiation therapy is not a contraindication to 
neoglottic reconstruction. However, when a patient 
who has had radiation therapy experiences a prob- 
lem or complication from neoglottic reconstruction, 
it is more difficult to alleviate or cure the problem. 
Patients receiving radiotherapy develop voice in 
about ome half of cases: 13 of 27 patients who 
received some regimen of radiotherapy developed 
voice; however, 14 (52%) of these patients required 
revision surgery in order to control a major com- 
plication (Table 8). The most common reason for 
revision surgery was aspiration. Another common 
reason was spontaneous closure of the neoglottis 
during radiation treatment. In comparison, 12 of 23 
patients who did not receive radiotherapy devel- 
oped voice, and 8 (34%) required revision to con- 
trol complications related to their neoglottis. Again, 
the most common reason for reoperation in this 
group of patients was for control of aspiration. A 
similar pattern may be seen among patients who 
underwent secondary neoglottic reconstruction 
(Table 8). 


DISCUSSION 


A critical review of the problems and complica- 
tions which have resulted has highlighted several 


TABLE 8. VOICE PRODUCTION FOLLOWING 
RADIOTHERAPY (N = 50) 


No. Patients 
Primary Secondary 
Voice No Voice Voice No Voice 

None l2 (4*) ll @*) 2 @*) 1 
Preoperative 2 a 
Postoperative 10 46") 12 (7) 
Perioperative 2 (2°) 4 (3*) 
Full course l i 0 0 

Total 25 25 4 5 


* Revision required. 
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TABLE 9. PRIMARY NEOGLOTTIC RECONSTRUCTIONS 


No. 

Site of Primary Temor Performed Success 
Glottic laryn» 20 14 (70%) 
Suprag ottis 14 7 (50%) 
Subglottis 3 0 ( 9%) 
Pyriform sinus 1] 3 (27%) 
Vallecula 2 l 


areas of concern and contraindication for neoglottic 
reconstruetion. Several problem areas which were 
not initially aparent to us deserve special con- 
sideration. 


Patients wita subglottic extension of tumor for 
more than 1 cn below the inferior edge of the true 
vocal cords shculd not be considered for neoglottic 
reconstruetion at the time of primary resection and 
total laryngectomy. Resection of four or five tra- 
cheal rings amd a low entry into the cervical 
esophagus maze creation of the neoglottic flap 
technically dificult, and lesser surgery com- 
promises the patient’s chance for cure. 


Patients whese primary tumor extends beyond 
the confines cf the larynx so that an extended 
laryngectomy i: required, including either a portion 
of the pharyngea_ wall, the vallecula, or the base of 
tongue, should not be considered for neoglottic re- 
construction. ‘ho date, 16 of 50 patients have under- 
gone primary ae9glottic reconstruction for tumors 
outside of the arynx (Table 9). Only four of those 
patients (25% ) have had a successful reconstruction 
according to tke criteria of a communicative voice 
without signifieant aspiration, as well as a surgical 
procedure which is cancericidal for local disease. 
Fifty percent ef patients with supraglottic lesions 
had a successfid neoglottic reconstruction, and only 
among those patients whose tumor was at the level 
of the true vocal cords was the rate of success com- 
parable to tha’ in the European series (70%). Ex- 
tensive lesions requiring a large resection of 
pharynx or tor gue make neoglottic reconstruction 
very diffieult. The additional loss of tissue, as well 
as untoward scarzing, lead to gaping of the neoglot- 
tic fistula with attendant aspiration. 


Aspiration is a nearly constant feature of the pro- 
cedure and a s-gnificant number of patients do not 
tolerate it well Many patients have required revi- 
sion surgery ir an attempt to control aspiration, 
and, among these, half have required closure of the 
neoglottis. Pat&nts with poor pulmonary reserve do 
not tolerate even slight aspiration which may pre- 
dispose to a temminal pneumonia. 


Reflux of gastric contents into the esophagus, 
with possible sabsequent aspiration of these gastric 
contents, shouH make the cautious surgeon wary of 


performing neoglottic reconstruction in the patient 
with esophageal reflux incompetence. 


Patients with poor pulmonary function often 
have difficulty using the neoglottis for speech. A 
well-constructed neoglottis will remain closed un- 
less considerable pressure is directed through the 
neoglottis from the trachea. The patient with a low 
vital capacity will be unable to open his neoglottis 
or will only be able to use it in a halting fashion 
(grade 3 or 4 speech). There is no exact volume of 
air which a patient must be capable of inhaling in 
order to use his neoglottic fistula; however, patients 
with severe obstructive and restrictive disease are 
poor candidates for the procedure. 


The adjunctive use of radiotherapy does not ap- 
pear to significantly increase the risk of complica- 
tions from neoglottic reconstruction. However, 
when problems and complications arise, they are 
harder to control and cure. Patients who have re- 
ceived radiotherapy, either before or after neo- 
glottic reconstruction, have required more revision 
surgery than those who have not received any radia- 
tion therapy (34 vs 52% , P=0.05). More of these 
patients have required closure of their neoglottis to 
control aspiration; several have closed spontaneous- 
ly during radiation treatment. This is sometimes 
prevented by keeping a piece of black silk suture 
through the neoglottis. The silk suture is kept in 
place until radiotherapy is completed, and may 
serve as a useful guide for occasional office dilata- 
tion of the neoglottis in these patients. 


Revision surgery has been necessary in 22 of 50 
patients undergoing primary neoglottic reconstruc- 
tion (aspiration in 14 cases, radiotherapy closure in 
8). The surgery has been required to control major 
complications of the neoglottic reconstruction; it 
has been required more commonly in patients re- 
ceiving adjunctive radiotherapy than in those who 
do not receive any radiotherapy. 


Secondary neoglottic reconstruction has been 
very unsuccessful in our experience. All patients ex- 
perience significant aspiration and less than half 
have developed communicative voice. The proce- 
dure has been fraught with many complications 
which have been poorly controlled, requiring revi- 
sion surgery in seven of nine patients to date. 


There should be additional critical review of the 
procedure of neoglottic reconstruction prior to its 
popular introduction into the surgical armamentar- 
ium. Careful study by a small number of experi- 
enced surgeons should elucidate indications for a 
more careful selection of patients and should 
prepare the surgeon to give better preoperative 
counseling for neoglottic reconstruction in order to 
optimize the chance for success. 
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NINCDS NOTES* 


Dr. Donald B. Tower, NINCDS Director since 1974, has announced that he will retire February 1, 1981. He will end a 28-year career 
with NINCDS. During his directorship, Dr. Tower reorganized the Institute along program lines, greatly strengthening extramural pro- 
grams. He also oversaw an extensive survey of neurological and communicative disorders research; seven panels of experts developed a 
comprehensive long-range plan for research in neurological and communicative disorders. A search committee will begin at once seeking 


candidates for the NINCDS directorship. 


The Department of Health and Human Services has issued regulations dealing with recipients of federal funds who violate the law or 


fail to honor the terms of previous awards. The “debarment” regulations were publishe 


copies write to: Office of Scientific and Health Reports, NINCDS. 


d in the Federal Register of October 9, 1980. For 


- *This information is prepared monthly by the Office of Seientific and Health Reports, National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Bldg. 31, Rm. 8A06, Bethesda, MD 20205. (301) 496-5751. 
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LARYNGOLOGY AND THE NUMBERS GAME 


FRANK E. LUCENTE, MD 


NEW YORK, New York 


Numbers play a great role in our practice of laryngology, and when used appropriately can be extremely valuable. However, careless 
or uncritical use may cause them to be an impediment or detriment to clinica! practice and teaching. Examples of problems which arise 
with numbers are readily found in the areas of tumor staging (TNM system), the scientific literature, resident training and communications 
with third-party agencies. Consideration of these examples reminds us of the need to evaluate our use of num bers frequently. 


Numbers dominate our daily lives and pervade 
our medical thinking. The communications media 
use numbers in a medical sense to signify the import 
of a disease or an injury. The government and other 
third-party agencies ask us to quantify symptoms, 
findings, and results in order to provide a tangible 
product with which they might deal. And by aca- 
demic training, natural inclination, or simple prag- 
matics we learn to express everything numerically. 
The advent of computers, machines which function 
almost exclusively on the basis of numbers, makes 
our burden in this area even more pressing. 


Are there any disadvantages or dangers to our use 
of numbers? First, the acquisition, computation 
and application of numbers is time-consuming. 
Secondly, the process of quantification lengthens 
and complicates our intellectual work. Thirdly, 
there is a potentia. for deleterious redefinition of the 
doctor-patient relationship if the interposition of 
numbers and machines between the two persons is 
not handled carefully. 


In looking at numbers in laryngology we encoun- 
ter four basic questions: Why do we need numbers? 
Do they mean anything? How accurately do we ac- 
quire them? Do we keep them in perspective? Let us 
consider these questions in regard to several aspects 
of our specialty: clinical practice, especially tumor 
staging (TNM system), the scientific literature, 
residency training and dealing with regulatory 
agencies. 


In the area of clinical practice we encounter the 
TNM system, a tool used to quantify, classify and 
give statistical significance to our diagnostic and 
prognostic approach to cancer, But what are the 
limitations of this system? What are the uncon- 
sidered factors which may overrule, outweigh, or 
invalidate the considered factors? 


For example, with T for tumor, what about the 
exact size or degrze of histological differentiation? 
What about the characteristics of the border of the 
tumor and its relationship to surrounding tissue? Is 


a pushing border different from an infiltrating bor- 
der? Maybe we should divide T;s in the supraglottis 
into several groups. For example, the large anaplas- 
tic T, with an infiltrating border differs from a 
small, well-differentiated T, with a pushing border. 
The present T-system also fails to give adequate at- 
tention to certain danger areas such as the base of 
the aryepiglottic fold where a small tumor may 
readily involve the posterior commissure region. It 
also risks understaging those iceberg tumors, lesions 
with a small surface presentation and extensive sub- 
mucosal infiltration, demonstrated so well by total 
laryngeal sections of Kirchner! and others. 


With nodes the TNM system is based on size, 
number and fixation. However, many of us have 
seen that the amount of fixation may vary inversely 
with the experience of the examiner and with his in- 
clination towards surgery. The student, referring 
physician, or junior resident frequently describes 
nodes as fixed while the senior attending staff man 
may be less likely to concur in that diagnosis. This 
difference in interpretation clouds the literature. 


Size, too, is elusive. I recently assembled six 
round objects and asked three residents and three 
experienced head and neck surgeons to give the size 
of each in centimeters. One of the residents gave the 
best estimates, being off by an average of only 7%. 
The other two residents were off by 33% and 36%. 
The attending staff men did slightly better. 
However, of all 36 measurements offered, 11 were 
off by more than 30% , even when there was no in- 
tervening tissue to hamper palpation. The inac- 
curacy of these measurements may potentially lead 
to an inaccurate staging in the TNM system. An ad- 
ditional problem with the N classification is the 
failure to specify the level of the node. 


Although many of the concerns about the TNM 
system are minor, they raise questions about the ac- 
curacy and the value of the TNM system and possib- 
ly suggest a conflict between an individualized, 
patient-oriented approach and the numerical ap- 
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proach of this system. Are there ways to improve 
the system and to include factors which are present- 
ly ignored? Can we include comorbidity or concur- 
rent disease? Can we list age, sex, marital status, or 
socioeconomic level, all of which factors may deter- 
mine therapy and influence survival more than a T 
or an N or an M? 


What about the diagnostic and prognostic role of 
the patients symptoms? We are all familiar with 
the ominous import of pain or respiratory distress in 
a patient with laryngeal carcinoma, and yet there is 
no provision for the inclusion of symptoms in the 
present system. It is particularly important to focus 
on comorbidity, for our duty is to characterize a le- 
sion in a given patient and to select a therapy and 
predict an outcome for that patient. Therefore, the 
inclusion of significant information about concur- 
rent medical diseases is extremely important. Fein- 
stein and associates?’ have developed elaborate but 
useful systems for the classification of comorbid fac- 
tors and several years ago I suggested the SHA- 
MONT system which added an S for surgeon, H for 
hospital, A for associate, and O for oncologic facili- 
ties to the standard TNM.* However, now I would 
tend to question the applicability of any alphanu- 
meric system. 


The value of the TNM system for comparing case 
series among institutions is also reduced when one 
considers the fact that in any given year approx- 
imately 30,000 new head and neck carcinomas pres- 
ent, and yet the TNM system includes 800 possible 
categories, perhaps too many categories for so few 
cases. When one considers the vagaries of measure- 
ment within these categories and the nuances of in- 
terpretation, one sees that meaningful communica- 
tion among cancer centers is difficult. 


Having considered the role of numbers in our ap- 
proach to tumor staging, let us direct our attention 
to three other areas: publications, resident training 
and third-party involvement in medicine. 


The burden to publish continues unabated and 
some of our publications tend to show an increasing 
emphasis on statistical significance rather than 
clinical significance. Series are large, numbers 
abound, and they are manipulated with ease. But 
what has happened to the old notion of studying a 
few patients in depth over a long period and learn- 
ing from the evolution of disease and the longi- 
tudinal evaluation of therapy — characteristics of 
the medical literature 50 years ago? How often do 
we hear today of 10 or 20-year follow-up? How 
often do we see an outdated procedure retracted? 
Has our research become acquisitive rather than in- 
quisitive? We still need large prospective random- 
ized controlled studies in which the number of vari- 
ables is minimized and the intrusion of extraneous 
factors is reduced. They are understandably dif- 
ficult to produce. 


Numbers also have their impact in our training 
programs with residents being tempted to concern 
themselves more with acquiring numbers, compil- 
ing lengthy operative lists, rather than in studying 
patients intensively. Perhaps we have all engaged in 
the easy task of doing a cross-sectional analysis of a 
large number of patients at one stage of their disease 
rather than in waiting to report on those patients 
studied for a longer time. Therefore, we can appre- 
ciate the problem of the resident who does not al- 
ways have the opportunity for such longitudinal 
studies. However, it is necessary to bring this aspect 
to their training. In attending daily resident rounds 
at a teaching hospital, I am often confronted by 
questions which suggest that the diagnostic or 
therapeutic decision will be based on the applica- 
tion of probability of a few superficial observations 
rather than a more time-consuming and intensive 
analysis and a full appreciation of the history. How 
difficult it is to teach history-taking and patience. 


The final area of concern with numbers is that of 
governmental and third-party involvement in medi- 
cine. Many of us are becoming increasingly aware 
of the quantity orientation of the city, state, and 
federal governments. Departmental privileges are 
granted on the basis of bed occupancy and outpa- 
tient volume. Hospitals are reimbursed on the basis 
of the number of beds occupied. In the surgical line, 
the only important factor seems to be the number of 
procedures performed. No attention is given to 
duration or complexity of procedure, frequency of 
complications, efficiency of preoperative evalua- 
tion, and the results of surgery. One seems to be 
rewarded for playing the numbers game by admit- 
ting a few extra patients, keeping them a few days 
longer, and scheduling more tonsillectomies and 
fewer jaw-neck dissections. Once again we see the 
problem of numbers themselves influencing the 
practice of medicine. 


Having looked at these several areas of numerical 
involvement, we might wonder about the source of 
some of these problems. Why do we have an affinity 
for numbers? Is it because they seem concrete? Are 
they the foundation of medical science or are they a 
refuge? Do they possibly have an anesthetic effect 
— mesmerizing or even seducing the mind? Is it 
foreseeable that they will dominate our specialty 
and distract us from those observations which defy 
quantification and from the intuition, fostered by 
experience and responsive to serendipity, which in- 
fluences so much of our therapy? Do we even have 
areas in which there are no numbers, such as non- 
verbal communication and the psychosomatic as- 
pects of clinical practice? 


As we meet yearly to hear reports of new and ex- 
citing advances in science, we might profitably 
scrutinize any new procedure whose mathematical 
complexities smack of scientism, a term which 
means “an exaggerated trust in the efficacy of the 
methods of natural science to explain 
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phenomena, to solve pressing human problems, or 
to provice a comprehensive unified picture of the 
meaning of the cosmos.” We need numbers. We 
hope that they will be our friends and serve us well, 
but we should avoid any tendency to use them 
much as a drunk uses a lamppost, more for support 
than for illumination. 


FRANK E. LUCENTE 


Even though we may not be able to propose bet- 
ter systems we must be grateful for the occasional 
opportunity to articulate our discomfort at the im- 
perfections in any system and to suggest periodic 
reexamination of any tenets which we take for 
granted or any tools which we use routinely, even 
something so simple as a numerical system. 
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16271, Tel-Aviv, Israel. Telex: 342272 (Kenes) Tel-Aviv. 
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Vocal cord positioning produced by selective laryngeal denervation remains a controversial issue in clinical laryngology. Previous 
studies fail to arrive at uniform conclusions for two important reasons: 1) failure to mark a reference sagittal plane from which to assess the 
degree of vocal cord lateralization, and 2) failure to reeognize the influence of tracheostomy and respiratory positioning of the vocal cords. 
The present study makes use of photographic and electromyographic documentaticn in the assessment of the paralyzed cord. Physiologic 
inactivation of the cricothyroid muscle by tracheostomy is a key determinant of the tateralized cord observed in acute low vagal and recur- 
rent nerve paralysis. Tracheostomy-related cricothyrcid inactivation cannot be ignored as a major determinant of cord positioning in 
paralysis and should not be overlooked in determining the neuroanatomic site of injury. 


INTRODUCTION 


The characteristic configuration of the glottis 
produced by selective denervation is a controversial 
issue. Numerous studies performed in both animals 
and in human beings fail to arrive at a consensus of 
opinion. Conflicting explanations fill the laryn- 
gologic literature, creating vague insecurity at the 
very basis of our clinical judgments. In the begin- 
ning Semon’ invoked sequential injury to neural 
fascicles within the recurrent laryngeal nerve to ex- 
plain three stages of paralysis: 1) isolated abductor 
paralysis, 2) median paralysis, and 3) cadaveric 
paralysis. Each stage, Semon assumed, resulted 
from progressive neurofascicular involvement. Fur- 
ther clinical and laboratory observations »owever, 
failed to confirm Semon’s predictions. Therefore, in 
apparent desperation more than half a century 
later, Ellis? whimsically ascribed the shape of the 
glottis to “personal qualities” of the larynx, in- 
dicating the level of frustration he experienced in 
correlating the site of the lesion with the ap- 
pearance of the paralyzed vocal cord. 


Assuming that both abductor and adduetor mus- 
cles are denervated by injury to the recurrent 
laryngeal nerve, how is it that such injury elassical- 
ly produces a cord found in the adducted position? 
To Grossman? must go the credit for our present 
understanding of this phenomenon. In low vagal in- 
jury, the median position of the paralyzed cord is 
unquestionably due to the continued function of the 
ipsilateral cricothyroid muscle, an extrinsic tensor 
and adductor of the vocal cord innervated oy the in- 
tact external division of the superior |aryngeal 
nerve. Grossman’s observation is therefore the key 
to our understanding of the cord paralyzed in the 


lateral position caused by injury to the vagus nerve 
above the nodose ganglion, a lesion which, of 
course, denervates the ipsilateral cricothyroid mus- 
cle. 

One now had an acceptable neuroanatomic ex- 
planation for cord paralysis in either the adducted 
or the lateralized positions. In short, high vagal 


paralysis (above the nodose ganglion) produced an 
adducted cord. 


Nevertheless, a number of reports described lat- 
eral paralysis due to low vagal injury, an observa- 
tion inconsistent with the accepted level of neuro- 
anatomic understanding. For example, Lewy and 
Mathews,’ reported three cases of “lateral-lying” 
vocal cord paralysis following intrathoracic sur- 
gery. Hofer® reported four patients with glottic in- 
competence due to intrathoracic disease. Kirchner® 
observed glottic incompetence in three patients im- 
mediately after cardiovascular procedures. In these 
and other reports, although tracheostomy had been 
performed in some patients, its use was not always 
specified. It was therefore difficult to draw conclu- 
sions from published reports, because most of them 
lacked some essential point of information. Conse- 
quently, such observations on the paralyzed larynx 
exerted an unsettling mood among laryngologists in 
search of more precise neuroanatomic correlations. 


Vocal cord positioning produced by selective lar- 
yngeal denervation therefore remains a controver- 
sial issue in clinical laryngolegy. In our opinion, 
numerous studies failed to arrive at uniform conclu- 
sions for two important reasons: 1) failure to mark a 
reference sagittal plane from which to assess the 
degree of vocal cord lateralization; and 2) failure to 
recognize the influence of tracheostomy on respira- 
tory positioning of the vocal cords. 


From the Department of Surgery, Section of Otolaryngeiegy, Yale School of Medicine. New Haven, Connecticut. This study was supported by USPHS 


grant No. RO] HD 09494-05. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, April 14-15, 1980. 
REPRINTS — Clarence T. Sasaki, MD, Department of Sargery, Section of Otolaryngology, Yale School of Medicine, 333 Cedar Street, New Haven, CT 
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Fig. 1. Kowa photography of the larynx. A) Adducted position; B) intermediate position: C) abducted position, A pin 
marks the midline. The left cord lies on the left side of each frame. 


The authors recognize that lateralized cords may 
result from musele atrophy in cases of long-standing 
paralysis or crieoarytenoid arthritis from prolonged 
intubation. These are not, however, the situations 
we wish to address. Rather, it is the configuration 
of the glottis in ecute paralysis that is in question. 


Because the principal determinant of vocal cord 
position in acute low vagal injury is the ipsilateral 
cricothyroid muscle, its function is key to under- 
standing glottic configuration in paralysis, What 
factors are capable of inactivating the neuro- 
logically intact cricothyroid muscle to cause a 
paralyzed cord to lateralize from the midline? In 
this study, the electromyographic activity of the 
ericothyroid muscle is therefore correlated with 
vocal corc positioning after selective laryngeal 
denervation in both tracheostomized and untra- 
cheostomized subjects. 


METHODS 


Ten adult dogs were anesthetized with pentobarbital sodium 
25 ng/kg body weight. A constant level of anesthesia was main- 
tained in stage HI, pare I, The larynx and trachea in these spon- 


taneously breathing dogs were exposed by a vertical midline neck 
incision. The right recurrent laryngeal nerve (RLN) was sectioned 
in four untracheostomized dogs. These four dogs were subse- 
quently tracheostomized and restudied. In a second group of four 
untracheostomized dogs, the right vagus nerve was sectioned at 
the thoracic inlet. These four dogs were later tracheostomized and 
restudied. The remaining two undenervated control dogs were 
likewise studied before tracheostomy and restudied thereafter. 


A Kowa camera was used to photograph the glottis before and 
after selective denervation. Electromyography (EMG) of the cri- 
cothyroid (CT) and posterior cricoarytenoid (PCA) muscles was 
accomplished with hooked wire electrodes (platinum-iridium 
0.051 mm diameter). The electromyographie signal was ampli- 
fied (DAM 5A, WP Instruments) and displayed on an oscilloscope 
(Tektronix 564), Oseilloscopic spike activity was photographed 
with a camera (Grass C-4). 


Arterial blood gases, analyzed with a Radiometer PHM 72, 
were maintained within narrow physiologic limits. Body temper- 
ature, measured with a rectal thermometer, was kept at 38 C by 
warming the anesthetized animal with a heating pad placed 
beneath it, 


Using a pin to mark the midline, we recognize three vocal cord 
positions, determined by Kowa photography (Fig. 1 A, B, Œh. D 
The adducted position refers to a median lie, 2) intermediate 
refers to a lateralized position, and 3) abducted refers to an ex- 
tremely lateralized position, 





Fig. 2. Neurologically intact larynx before tracheostomy. A) Inspiration; B) expiration. 
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Fig. 3. EMG of right PCA and right CT muscles before 
tracheostomy. Phasic inspiratory activity of PCA produces 
cord abduction. CT activity on inspiration causes the eord 
7 elongate. Expiratory CT activity causes the cord to ad- 

uct. 


RESULTS 


Neurologically Intact Larynx Before Tracheosto- 
my (Fig. 2 A, B). On the inspiratory phase of 
respiration the vocal cords abduct and elongate. 
While in expiration, the cords close to the median 
position. The reason for this is of course well- 
known. The PCA muscle becomes active on inspira- 
tion, thus producing cord abduction. On the other 
hand, the CT muscle acts in both phases of the res- 
piratory cycle accounting for inspiratory elomgation 
and expiratory adduction. In the normal spontane- 
ously breathing dog, the glottis therefore widens on 
inspiration and narrows on expiration. Note that ex- 
piratory narrowing is an active phenomenen, not 
necessarily due to passive recoil alone (Fig. 3). 


Neurologically Intact Larynx After Tracheos- 
tomy (Fig. 4 A, B). The vocal cords remain in the 
intermediate position in both phases of the respira- 
tory cycle. Decreased airway resistance produced 
by the tracheostomy abolishes physiologic activity 
of both the PCA and CT muscles. The cords there- 
fore remain practically motionless in both the inspi- 
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Fig. 5. Tracheostomy abolishes both PCA and CT activity. 


ratory and expiratory phases of spontaneous respi- 
ration through the tracheostomy (Fig. 5). 


Right Recurrent Laryngeal Nerve Section Before 
Tracheostomy (Fig. 6 A, B). On inspiration the in- 
tact left cord abducts and elongates, whereas the 
right denervated cord assumes the median position. 
Inspiratory CT activity causes the denervated cord 
to adduct on inspiration. In expiration, both cords 
adduct due to bilateral expiratory CT activity. 
Thus the denervated cord remains in the adducted 
position during both phases of the respiratory cycle 
by continued action of the CT muscle. Note that CT 
activity responsible for bringing the paralyzed cord 
to the midline position and keeping it there 
throughout the respiratory cycle is not tonic activi- 
ty, but clearly phasic in its pattern of behavior. 
That is to say, there is clearly an inspiratory burst of 
activity followed by distinct expiratory spike distri- 
bution (Fig. 7). 


Right Recurrent Laryngeal Nerve Section After 
Tracheostomy (Fig. 4 A, B). Both vocal cords as- 
sume the intermediate position throughout the res- 
piratory cycle. Tracheostomy abolishes the physio- 
logic activity of both PCA and CT muscles (Fig. 5). 
In very light anesthesia, during coughing, the neu- 





Fig. 4. Appearance of the larynx after tracheostomy. 
each frame. 


A) Inspiration; B) expiration. The left cord lies on the left side of 
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Fig. 6. light recurrent nerve section before tracheostomy. A) On inspiration the intact left cord abducts and elongates. 
The cenerveted right cord is adducted. B) On expiration both cords adduct. (An identical pattern is seen after right 


vagotomy.) The left cord lies on the left side of each frame. 


rologically intect cord adducts, but the denervated 
cord remains -n its intermediate position. Due to 
mechanical disadvantage of this cord, an ineffective 
cough results (Fiz. 8). 


Right Vagot»my Before Tracheostomy (Fig. 6 A, 
B). On inspira-ion the intact left cord abducts and 
elongates whereas the right denervated cord as- 
sumes the median position. Inspiratory CT activity 
causes the denervated cord to adduct. On expira- 
tion, both corcs assume the median position due to 
bilateral CT contraction. The pattern of vocal cord 
positioning fron vagotomy is therefore identical to 
that of right RLN section before tracheostomy. 


Right Vagotomy After Tracheostomy (Fig. 4 A, 
B). Both vocal cords assume the intermediate posi- 
tion throughoit the respiratory cycle. Tracheos- 
tomy abo ishes the physiologic activity of both PCA 
and CT muscles. Again, when coughing is induced, 
the denervatec cord, mechanically disadvantaged, 
fails to adduct sufficiently to produce an effective 
diaphragmatic expulsion of air (Fig. 8). 
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Fig. 7. EMC cf the right PCA and right CT muscles 
after right recurrent laryngeal nerve section before 
tracheostomy. PCA is silent because it has been dener- 
vated. CT is aetive on inspiration and expiration. 


From these observations it is quite clear that the 
glottic configuration produced by low vagal injury 
is identical to that caused by RLN injury. From a 
clinical standpoint, therefore, the position of the 
denervated cord does not allow one to readily dis- 
tinguish between low vagal and recurrent laryngeal 
nerve interruption. More significant is the effect of 
tracheostomy on glottic configuration. Precisely 
how, therefore, does tracheostomy affect the res- 
piratory activity of the laryngeal muscles? 


The following explanations are key to an under- 
standing of vocal cord positioning in the presence of 
tracheostomy. As ventilatory resistance decreases, 
the inspiratory activity of PCA diminishes (Fig. 9). 
After three to five minutes of tracheostomized 
breathing, inspiratory PCA activity disappears. It is 
therefore apparent that a critical level of ventila- 
tory resistance is essential for continued PCA inspi- 





ae 8. During a cough, the denervated right cord fails 
to adduct sufficiently from its lateralized position. 
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Fig. 9. EMG of the PCA muscle. A) Before 


tracheostomy; B) after tracheostomy. 


ratory contractions.” The effect of tracheostomy on 
CT inspiratory activity is even more striking. Im- 
mediately upon reducing ventilatory resistance, in- 
spiratory CT contraction is abolished’ (Fig. 10). 


On the other hand, expiratory CT activity is di- 
rectly controlled by a rise in subglottic pressure. 
This evoked response continues for as long as sub- 
glottic pressure remains elevated* (Fig. 11). The 
threshold of this pressure-sensitive response is deter- 
mined by a critical rate of rise in subglottic pres- 
sure, measuring 30 cm of water per second in nor- 
mocapneic, well-oxygenated dogs? (Fig. 12). 
Therefore, when tracheostomy abolishes the critical 
pressure changes necessary to trigger expiratory CT 
contraction, it necessarily inactivates this muscle in 
expiration as well (Fig. 10). 


DISCUSSION 


Physiologic inactivation of the CT muscle by tra- 
cheostomy is therefore an important consideration 
in the evaluation of the paralyzed cord. Grossman’s 
early observations carry the highest significance on- 
ly if one recognizes the modifying role of tracheos- 
tomy on cord position. The authors suggest that lat- 
eralized cord paralysis may result from low vagot- 
omy, if the ipsilateral CT muscle is physiologically 
inactivated. Although some have speculated that 
vagal interruption may mysteriously “inhibit” the 
CT muscle,’ this suggestion remains unconfirmed 
by the present data. Rather, the role of tracheos- 
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Fig. 10. EMG of the CT muscle. A) Before 
tracheostomy; B) after, tracheostomy. 








Fig. 11. EMG of the CT muscle (bottom tracing). Sub- 
glottic pressure (top tracing). Duration of a k pressure 
stimulation determines duration of CT evoked activity (ar- 
rows).° 


tomy is of far greater significance in CT inactiva- 
tion and should therefore be recognized as a key 
determinant of the lateralized cord observed in 
acute low vagal or RLN paralysis. Tracheostomy- 
related CT inactivation cannot be ignored as a ma- 
jor determinant of cord positioning in paralysis. 


The authors do not suggest that every case of lat- 
eralized paralysis is due to tracheostomy. This, of 
course, would involve faulty and improper deduc- 
tion. What we do emphasize is that tracheostomy 
can and will cause lateralization of a paralyzed 
cord, and that this should not be overlooked in 
determining the neuroanatomic site of injury. 


We hope these observations will further clarify 
and strengthen our understanding of basic laryn- 
gologic principles by responding to the quest raised 
by Semon more than a century ago. 


The authors do not suggest that every case of lat- 
eralized paralysis is due to tracheostomy. This, of 
course, would involve faulty and improper deduc- 
tion. What we do emphasize is that tracheostomy 
can and will cause lateralization of a paralyzed 
cord, and that this should not be overlooked in 
determining the neuroanatomic site of injury. 


We hope these observations will further clarify 
and strengthen our understanding of basic laryn- 
gologic principles by responding to the quest raised 
by Semon more than a century ago. 
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Fig. 12. The threshold of CT elicitation in response to 
rate of tracheal pressure change measures 30 cm H,O/sec 
in a normocapneic, well-oxygenated dog.* 
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tually lead toa substantive further understanding of the disease process which underlies otosclerosis. The applicant should describe correla- 
tions between propesed research with the clinical pathological entity of otosclerosis. 


The policy is te aid and encourage research in the immediate field of otosclerosis and also in adjoining fields, if, in the opinion of the 
Board, there is a substantial promise that results obtained will be of assistance in the ways indicated, and may lead to the attainment of the 
objective of the further understanding of otosclerosis. 


Applications for a research grant from the Research Fund of the American Otological Society may be obtained from the Office of the 
Secretary-Treasurer of the Research Fund of the American Otological Society. Write to Robert J. Ruben, M.D., Secretary-Treasurer, 
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A SIMPLE METHOD OF LARYNGEAL PHOTOGRAPHY THROUGH 
THE OPERATING MICROSCOPE 


“MACROLENS TECHNIQUE” 
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NEW HAVEN. CONNECTICUT 
DAVID E. EIBLING, MD MASAFUMI SUZUKI, MD 


Travis Ain Force Base, CALIFORNIA TOKYO, JAPAN 


A simple and inexpensive method of laryngeal photography through the eyepiece of the operating microscope is described, Provided 
that the operating room is equipped with the microscope, the laryngoscope and the laryngoscope holder, the only essential equipment re- 
quired is an “aperture-preferred” automatic single lens reflex camera with a 50 mm macrolens. The macrolens of the camera is placed 
against an eyepiece of the microscope and the laryngeal image is centered and focused via the viewfinder of the camera. The respiration of 
the patient is temporarily halted. The camera is held still and pictures taken. Kodak high speed Ektachrome® tungsten film ASA 160 is 
used and push-processed to ASA 320. With practice, one should be able to obtain satisfactory photographs of the larynx suitable for 
teaching and documentation. 


Ever since the first documentation of the suc- Camera. Any 35 mm SLR camera, which has a 
cessful photography of the larynx by Thomas French built-in match-needle light metering system can be 
in 1882, many different methods of laryngeal pho- used. However, the periphery of the viewing screen 
tography have been described. "° Recent methods of of the camera is usually dark in microscopic pho- 
significant value include direct laryngoscopic pho- tography and it is difficult to read the match-needle 
tography with the Holinger-Brubaker encoscopic of the light metering system. Besides, it mav be 
camera;**” microscopic photography using the time-consuming to adjust the exposure. The auth- 
Zeiss surgical microscope with a single lens reflex ors, therefore, use an “aperture-preferred” auto- 
(SLR) camera attached to a photoadapter and a matic SLR camera exclusively for this technique. 
beam splitter;*” and telescopic photography with a With such an “aperture-preferred” automatic 
combination of a single lens reflex camera. a tele- camera, the photographer sets the aperture (f-stop) 
photolens, a straight or angled telescope, a tiberop- and the eamera automatically sets the correct shut- 
tic light transmission sheath and an electronic flash ter speed. 


unit 2,3,5,8 
The “aperture-preferred” automatic cameras 


Although these methods may produce laryngeal tried by the authors include Nikon FE; Pentax ME: 
pictures of high quality, the expense of the equip- Minolta XG-7, XE-7 and Olympus OM 2, Any “ap- 
ment is often prohibitive for the resident or the erture-preferred” camera equipped with a 50 mm 
practicing otolaryngologist who uses it infrequent- macrolens can be used. It is important to mention 
ly. The purpose of this paper is to describe a simple that a “shutter-preferred” camera cannot be used 
and inexpensive method of microlaryngeal photog- for this technique. 
raphy that utilizes equipment possibly already 
owned by many otolaryngologists. The Pentax ME camera uses a visible colored 

light-emitting diode (LED) read-out system which 
EQUIPMENT signals under, correct, or overexposure. This is par- 
ticularly useful in microlaryngoscopy photography 

The equipment required for this technique is 1) in which the periphery of the picture is often dark 
“aperture-preferred” automatic SLR camera; 2) 50 and the match-needle may not be visible, 

mm macrolens; 3) film; 4) Zeiss operating micro- 

scope; 5) laryngoscope; 6) Lewy laryngoscope hold- Macrotens. A50 mm macrolens is used. When the 
er; and 7) light source. Since most of the equipment macrolens is set at infinity and the microscope is 
mentioned above is available in the operating room focused with the eyepiece dial at 0, the laryngeal 
of most teaching medical centers, the only essential image as seen in the viewfinder of the camera 
equipment may be an “aperture-preferred” auto- should be in good focus (Fig. 1). The lens dia- 
matic SLR camera with a 50 mm macrolens. phragm (f-stop) is set at its maximum aperture 


From the Section of Otolaryngology, Department of Surgery, Yale University School of Medicine, the Section of Otolaryngology, Department of 
Surgery, Hospital of St. Raphael, New Haven, Connecticut, and the Department of Otolaren gology, Keio University School of Medicine, Tokyo, Japan. 
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Fig. 1. The macrolens of the camera is placed over an 
eyepiece of the microscope. The laryngeal image should be 
in focus via the viewfinder of the camera. 


(usually f 3.5) as a smaller aperture does not im- 
prove depth of `ocus in microscopic photography. 


The design of the macrolens includes a recessed 
front housing wh:ch enables the lens to be placed 
directly over the eyepiece of the microscope without 
direct contact with the lens surface (Fig. 2). 


Film. Kodak high speed Ektachrome color film 
tungsten (3200 E). ASA 160, was chosen after a trial 
of various color films since it gave the best color 
results. The film was exposed at ASA 320 and then 
push-processed as ASA 320. This can be processed 
by most laborator-es for a nominal additional fee or 
mailed directly to the Kodak laboratory in their 
special processing envelope, ESP-1. 


Laryngoscope. Standard Jako and Dedo laryngo- 
scopes were used in most cases. More recently we 
have used the Cedo photographic laryngoscope. 


Light Sources Light sources used are 1) the stan- 
dard laryngoscope light with the microscope light, 
9) the standard laryngoscope light with the inten- 
sified microscop: light using the House-Urban pow- 
er supply unit, and 3) two Pilling regular light 
sources connect2d to each of two fiberoptic light 
cables of the standard Jako laryngoscope or the 
Dedo photographic laryngoscope. Every attempt is 
made to increas the amount of light illuminating 
the larynx as this allows faster shutter speeds and 
better photographic results. 


The amount ef light which falls upon the larynx 
when transmitted by fiberoptic light depends great- 
ly upon the brightness of the original light source 
and the total diameter of light-transmitting fibers. 
The use of the large Jako-Pilling laryngoscope and 
cables is recommended whenever possible. The 
bright light sources specifically designed for 
photography such as Storz (xenon) or Wolf photo- 
graphic unit, if available, should be utilized. We 
did not use thera in our study. 
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Fig. 2. The recessed front housing of the macrolens pre- 
vents direct contact of the lens surface with the eyepiece of 
the microscope. 


TECHNIQUE 


With the patient under oroendotracheal general 
anesthesia the laryngoscope is inserted, positioned, 
and suspended with the Lewy laryngoscope holder. 
For an adult patient, a No. 6 endotracheal tube is 
used. 


The larynx is viewed and focused through the 
eyepieces (12.5 x) of the Zeiss operating microscope 
with 400 or 300 mm objective lens. If the 
magnification is set at 25x for a 400 mm lens or 16x 
for a 300 mm lens, a full-frame view of the vocal 
cords will be obtained in the camera viewfinder and 
it will not be necessary to enlarge the laryngeal pic- 
ture later. 


The macrolens is set at infinity and the aperture 
at maximum (usually f 3.5). The ASA film speed 
dial of the camera is set at 320 and the exposure 
compensation dial set at 0 (Fig. 3). The knobs at 
each joint of the microscope are then tightened to 
prevent camera movement during exposure. 
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Fig. 3. The ASA film speed dial (left arrow) of the cam- 
era (Nikon FE) is set at ASA 320 and the exposure compen- 
sation dial at 0 (right arrow). 
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B. Reinke’s edema: Minolta XE-7; 300 mm; X 
16: § 3.5. 
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E. Bilateral polyps: Nikon FE; 400 mm; X 25; f F. Epidermoid carcinoma: Pentax ME; 300 mm; 
3.5: X 16; f 3.5. 





G. Verrucous carcinoma: i Minolta XE-7; 400 H. Retention cyst taken with high magnifica- 
mm: X 25; f 3.5. tion; note the details of the cyst amd its blood sup- 


ply: Pentax ME; 400 mm; X 40; f 3.5. 


Fig. 4. Representative photographs taken with the “macrolens technique” with notation of SLR camera, objective lens, 
magnification, and aperture (f-stop). 
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The macrolens of the camera is placed against an 
eyepiece of the microscope and the laryngeal image 
is centered and focused via the viewfinder of the 
camera (Fig. 1). Make certain that the subject is in 
perfect focus as viewed through the viewfinder of 
the camera. It may be necessary to change the sub- 
ject-to-microscope distance slightly or turn the ma- 
crolens itself in either direction until the subject ap- 
pears sharpest. 


It is important to have an exact alignment of the 
optical axis of the microscope with the central axis 
of the laryngoscope.’ Just prior to taking the pic- 
ture, the anesthesiologist is asked to halt respiratory 
movement of the patient temporarily and the pictures 
are taken. Hold your breath at the moment of shut- 
ter release to insure that the camera is held very 
still. Shutter speeds may be as slow as one-nalf or 
one-fifteenth second. 





At least three pictures are taken for each lar- 
yngeal pathology by bracketing the exposure time. 
In the “aperture-preferred” automatic camera, this 
ean be accomplished by taking pictures at 0, +] 
and — 1 of the exposure compensation dial usually 
located on the top of your camera (Fig. 3). 


RESULTS 


Satisfactory results were obtained in over 70% of 
the laryngeal photographs taken. Representative 
color pictures of various laryngeal conditions taken 
with the macrolens technique are shown in Figure 4 
A-F. 


Poor results were mainly due to inadequate illu- 
mination and poor focusing. The most common 
cause was inadequate illumination. It is essential to 
sufficiently illuminate the larynx either by the lar- 
yngoscope light or by the intensified microscope 
light or by both. The standard laryngoscope light 
alone was not sufficient for photography. The stan- 
dard laryngoscopic light with the intensified micro- 
scope light using the House Urban power supply 
provided adequate illumination for photography. 
Most of the pictures shown were taken using both 
the laryngoscope light and the intensified miero- 
scopic light. Unwanted light reflex from the edges 
of the laryngoscope can be eliminated by using 
larger magnification (400 mm objective lens with 
25x magnification) or applying a bone wax ever the 
edges of the laryngoscope. 


If the power supply to intensify the microscope 
light is not available, the large Jako laryngoscope 
with two fiberoptic light cables should be used. 
Each cable is connected to two separate light 
sources. The Dedo photographic laryngoscope pro- 
vided more than an adequate amount of light. 


DISCUSSION 


Although laryngeal photography with the macro- 
lens technique has long been used in Japan, little 
has been mentioned in otolaryngologic literature. 
Since this is a very useful and practical method, we 
felt that it should be brought to the attention of 
those who believe that adequate laryngeal photog- 
raphy can only be accomplished with more sophisti- 
cated and expensive equipment. 


In order to obtain the best possible picture, it is 
wise to “bracket” the exposure time. It is generally 
believed that when the “aperture-preferred” auto- 
matic camera is used you cannct control the expo- 
sure time. This is not true. To intentionally overex- 
pose, turn the exposure compensation dial to the 
plus (+) side. The + 1 represents one full f-stop of 
overexposure. To intentionally underexpose, turn 
the dial to the minus (—) side. The — 1 represents 
one full f-stop of underexposure (Fig. 3). 


Critical focusing is very important in microscopic 
photography. It is advisable to “bracket the focus.” 
Since the depth of focus is very shallow in micro- 
scopic photography, only a portion of the laryngeal 
lesion may be in focus. When your focus is not cor- 
rect, a small lesion may be entirely out of focus. 
Therefore, for the important pictures, take one pic- 
ture at the correct focus and two others, one slightly 
closer to the subject and the cther slightly away 
from the subject. This can be accomplished by turn- 
ing the focusing dial of the microscope. 


Admittedly, one cannot expect to take perfect 
pictures of the larynx with this simple and inexpen- 
sive method. Yet, if all of the steps described in this 
technique are carefully followed, satisfactory pho- 
tographs of the larynx can be obtained in the ma- 
jority of cases. With practice, ycu should be able to 
take surprisingly good pictures comparable to those 
obtained by using more expensive and sophisticated 
equipment. 


SUMMARY 


1. The “macrolens technique” is a simple and 
economical way to photograph the larynx via the 
eyepiece of the operating microscope. 


2. Suceess of this technique depends upon: a) 
adequate illumination, b) critical focusing via the 
viewfinder of the camera, c) stabilization of the pa- 
tient, the microscope and the camera. 


3. This technique is relatively inexpensive and, 
with practice, good results may be obtained in more 
than 70% of the cases. 
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A retrospective study was done of 602 patients with primary squamous cell carcinoma of the upper aerodigestive tract and a clinically 
negative neck (N,) seen at the University of Illinois Hospital between 1960-1975. There was no uniform policy as to the treatment of N, 
neck during this period; therefore in many of the patients, cervical lymph nodes were treated with elective neck dissection and others were 
followed until they became positive clinically. It was this difference which formed the basis for this study. All the patients were treated 
surgically; the patients were placed into two groups depending on whether they had radical neck dissection at the same time as resection of 
the primary. Group 1 consisted of 149 patients and hac surgery for the primary only. The 253 patients of group 2 had surgery for the 
primary and also had a neck dissection. Both groups were analyzed for recurrences in the cervical region. In group 1, 12.9% of the patients 
developed either ipsilateral or contralateral metastases. Of the group 2 patients, 22% developed palpable nodal disease. The evolution of 
palpable nodal disease was analyzed by primary site, T-stage, and according to whether the tumor at the primary was controlled. Only 
3% of the patients developed lymph nodes when the prinsary was controlled. The pathology reports of the neck specimens were studied to 
determine the relationship between a) positive node histology and b) number of nodes positive to the recurrence rate in the neck, Our 
results showed a 23% failure rate for the histologically positive group and a 21% failure rate for the negative group. The number of 
positive nodes did not seem to affect the recurrence rate. 


INTRODUCTION 6. Allowing neck metastases to develop increases 


a oa the incidence of distant metastases. 
The incidence of occult metastatic disease has 


been well established from analyses of elective neck 7, The cure rate of radical neck dissection is 
dissection specimens. It is this knowledge which has decreased if gland enlargement occurs or multiple 
fueled the controversy regarding elective neck treat- nodes appear. 


ment in the clinically negative neck. The treatment 
choices available to the head and neck physician 
range from elective neck dissection or elective neck 


The case against elective neck dissection is based 
upon the following key points:' 


irradiation to careful observation for evolution of 1. The cure rate is not higher if one waits until 
nodal disease. the neck converts from N, to N,. 

The question of the benefits of elective neck dis- 2. Careful clinical follow-up will allow detection 
section has yet to be resolved. The arguments for of the earliest conversion from N, to N.. 
and against elective radical neck dissection (RND) a l l , 
have been carefully reviewed by Nahum et al' and 3. Radiation is as effective as radical neck dissec- 
the case for elective neck dissection is based upon tion for treatment of the clinically negative neck. 
the following key points: 4, Elective neck dissection results in a large num- 

1. The relatively large incidence of false negative ber of unnecessary surgical procedures, and radical 
examinations (it varies from 4 to 40% in various neck dissection carries a significant morbidity. 
studies). 5. Elective neck dissection removes a barrier to 

2. Radical neck dissection has a relatively low the spread of disease and also has a deleterious im- 
morbidity and mortality. munologic effect. 

3. If the neck must be entered to remove a pri- The efficacy of elective neck irradiation has been 
mary lesion it is better to perform an incontinuity published by various authors,?” but most notably 
dissection at that time. by Fletcher® and Million,’ and Million et al.? These 


authors have advocated that moderate radiation 
doses, in the range of 5000 rads given over a five- 
week period, can control subclinical cancer in 


4. The cure rate is higher with patients who have 
clinically negative necks. 


5. It is impossible to provide the clinical follow- lymph nedes in over 90% of the cases. Theoretical- 
up necessary to detect the earliest conversion of a ly, this effectiveness was explained on the basis that 
neck from N, to N,. in the case of N, stage, the relatively tew cancer cells 
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and the Department of Otolaryngology, Northwestern University Medical School, Chicago. 
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TABLE 1. SURGICAL GROUP 1 — DISTRIBUTION OF 
PATIENTS WHO DID NOT HAVE RND 


Site ay 7; T Ta Totals 
Glottic 8 36 9 





3 76 

Supraglottic 8 13 8 4 33 
Oral cavity 9 10 2 0 21 
Oropharynx 2 0 0 0 2 
Totals £7 59 19 7 132 


are well oxygenated and thus are more sensitive to 
lethal injury by -adiation. 


The status o the cervical lymph nodes is a signifi- 
cant factor in predicting the therapeutic outcome of 
patients with Fead and neck cancer.® The literature 
cites changes n survival by 20-40% based solely 
upon the N-stage at the time of evaluation. In an at- 
tempt to influence the cure rate of patients, many 
authors have recommended elective therapy for the 
clinically nega ive necks.' The purpose of this paper 
is to clarify ths matter somewhat by reviewing the 
evolution of the clinically negative neck in head and 
neck squamou. cancers. 


MATERIALS AND METHODS 


The clinical meterial for this study consists of 615 patients 
treated at the Illinəis Eye and Ear Infirmary of the University of 
Illinois from the y2ars 1960 to 1976. All the patients had squa- 
mous cell cancers end clinically negative necks at the time of their 
presentation. The petients were divided into groups based on 
their initial treatmert modality. There were 213 patients who 
were treated with -aciation therapy alone, and 402 patients with 
surgery. 


TABLE 2. SURGICAL GROUP 2 — DISTRIBUTION OF 
PATIENTS TREATED WITH SURGERY FOR PRIMARY 


+ RND 
Site F, T: T, Ts Totals 
Glottic H 31 38 6 86 
Supraglottic 23 28 18 77 
Oral cavity 5 30 9 0 44 
Oropharynx 1 5 2 0 8 
Hypopharynx 7 3 2 0 12 
Totals 2 92 79 24 228 


A small number of the surgical patients did receive pre- 
operative radiatioa. These patients were studied in a previous 
paper’ where it ws established that these doses had no significant 
effect on local coreral of the tumors. 


In the surgical goup there were two further subdivisions. Sur- 
gical group one (S's-_) had surgery for the primary and no RND. 
Surgical group twe (SG-2) had surgery for the primary and a con- 


TABLE 3. DISTRIBUTION OF GROUP TREATED WITH 
RADIATION ALONE 


T-stage* 

Primary 
Oral cavity 0 20 23 3 56 
Oropharynx 3 1] 14 9 37 
Larynx 0 13 35 5 53 
Hypopharyax 0 6 4 6 16 
Nasopharymx 6 8 2 7 23 

Totals 9 58 78 30 185 


*In 2 pts. T-stagesco ild not be determined. 


TABLE 4. SURVIVAL ACCORDING TO SITE — SURGERY 


FOR PRIMARY ONLY (NO RND)* 


Survival 
Site Total Pts. Evaluable Pts. Pts. % 

Glottic 83 73 67/73 = 91.7 
Supraglottic 33 33 25/33 = 75.7 
Transglottic and 4 3 3/3 = 100.0 

subglottic 
Oral cavity 27 21 18/21 = 85.7 
Base of tongue 2 2 2/2 = 100.0 
Hypopharynx — -— — 

Total 149 132 115/132 = 87.1 


*Min. follow-up - 3 yrs. 


comitant RND. SG-1 consisted of 149 patients and there were 253 
patients in SG-2. 


These patients have all been analyzed for neck failures. An at- 
tempt has been made to clarify the many variables operating 
here. Neck failures have been analyzed with regard to the T-stage 
of the primary and control of the primary at the time of the neck 
recurrence. In addition, in the patients undergoing RND, the re- 
lationship between neck failures and the histopathology of the 
neck failures was evaluated to determine whether the recurrence 
occurred outside or within the radiation fields. 


The treatment plan for the patients in this study was based on 
the individual needs of each patient and represents the diversity of 
opinion inevitable in a large teaching institution over 16 years. 


The distribution of study material by site and size is shown in 
Tables 1 and 2 for the surgical cases and Table 3 for the irradiated 
patients. As is evident by reviewing these Tables, the surgical 
group that did not have an RND tended to have smaller lesions 
than the group that did have an RND. This trend is expected in 
any retrospective study. 


RESULTS 


In 615 patients 1,230 heminecks were analyzed 
for recurrence. The 402 patients in the surgical 
groups were analyzed for survival. The patient’s 
survival was calculated on a three-year basis since 
90% of the recurrences appeared within that time 
frame. The minimum follow-up for the entire 
group of 615 patients was three years. The survival 
rate for the two surgical groups is listed by anatomic 
site and for all stages (Tables 4 and 5). No com- 
parison is intended for these two groups since SG-1 
had an overall lower set of T-stages. 


The sites of failure of the SG-1 are presented in 
Table 6. In this group, there were 149 patients in- 
itially; however, inadequate records reduced this 
number to 132 evaluable patients. There were 17 
neck recurrences for an overall recurrence rate of 


TABLE 5. SURVIVAL ACCORDING TO SITE — SURGERY 
FOR PRIMARY + RND* 


Survival 
Site Total Pts. Evaluable Pts. Pts. % 
Glottic 86 86 49/86 = 57 
Supraglottic 82 77 57/77 = 74 
Transglottic and 8 5 5/5 = 100 
subglottic 
Oral cavity 49 44 32/44 = 72.7 
Base of tongue 12 8 4/8 = 50 
Hypopharynx 16 8 6/8 = 75 
Total 253 228 153/228 = 67 


*Min. follow-up - 3 yrs. 
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TABLE 6. SITES OF FAILURE FOLLOWING TREATMENT TO PRIMARY ONLY: NO RND (SG 1) 


Ipsilateral" Contralateral * 
Total Recurrences Primary Primar 
Primary Sites In Cervical Region Uncontrolled Controlled Uncontrolled Controlled 
Glottic 6/73 = 8.2% 190% (6) ae i soem 
Supraglottic 8/33 = 24.0% 50% (4) 12.5% (1) 25% (2) 12.5% (1) 
Oral cavity 3/21 = 14.2% 190% (3) _ -= _ 


“Expressed as percentage of total cervical recurrences, 


12.9%; 15 (88%) primaries were uncontrolled and 
two (12%) were controlled. The rate of recarrence 
of the glottic lesions was 8.2% with all failures be- 
ing the ipsilateral neck with the primaries uncon- 
trolled. 


In patients with primary tumor in the supraglot- 
tis, the overall cervical failure rate was 24% and in 
only two of eight failures were the primary cancers 
controlled. With the oral cavity lesions, failure in 
the cervical region was seen in 14.2% of the cases 
and all were associated with the lack of primary 
control; however, one was ipsilateral and the other 
contralateral. Therefore the conversion rate for 
both the ipsilateral and contralateral cervical lym- 
phatic beds was 1/33 (3%) in patients with con- 
trolled primaries. 


There were 228 patients suitable for study in the 
SG-2 group (Table 7). The specimens obtained from 
this group afforded the advantage to review the 
histology of the neck nodes and its influence on 
recurrent disease. The total number of recurrences 
in the neck was 49 (21.4%). In 29 (59.2%) the 
primary was uncontrolled. 


Associated with glottic lesions there were 19 neck 
failures (22%). In 11 of these cases, the primary 
was controlled and in eight the primary was uncon- 
trolled. Thirteen (68.4%) of the neck recurrences 
were contralateral and approximately half of these 
were with controlled primaries. 


The neck failure rate for supraglottic lesions was 
20.7% . None of the operated necks failed when the 
primary remained controlled. Sixty-two percent 
conversions were in the contralateral neck and half 
of these occurred with a controlled primary. 


With oral cavity lesions, there were eight 
(18.1%) neck failures, and no ipsilateral neck 
failures when the primary was controlled. Of the 
neck failures in oral cavity lesions, 62.5% were in 
the contralateral neck, and 80% had primary con- 
trol. In the base of tongue and hypopharyngeal can- 


cers, all the neck failures were associated with un- 
controlled primaries. 


In summary of the results of SG-2, there were 49 
patients with recurrent neck disease. Twenty of the 
49 patients were associated with a controlled pri- 
mary; within this group of 20 recurrences, 15 were 
contralateral and five were ipsilateral. Thus the 
conversion rate in patients with primary control is 
15/228 (6.1%) for the contralateral neck and 5/228 
(2.1%) for the ipsilateral neck. 


The data on neck recurrence were further analyzed 
concerning the influence of the neck histopathology 
and subsequent neck failure. Tables 8 and 9 show 
this relationship for glottic and supraglottic lesions. 
In the glottic group, there were 13 neck failures in 
the histologically negative group. In analyzing 
those failures where the primary was controlled, 
there were two failures in the histologically positive 
group ineluding one bilateral failure (three hemi- 
necks and two patients). In patients with a controlled 
primary and histologically negative necks there 
were seven neck failures. Three of these failures 
were ipsilateral and four were in the contralateral 
neck. In the supraglottic group, there were seven 
neck failures in the histologically positive group and 
nine failures in the histologically negative group. In 
those patients where the primary was controlled, 
there were no neck failures in the histologically pos- 
itive group and five neck failures in the histoiog- 
ically negative group. 


Analyzing the rate of contralateral metastasis 
with the primary controlled, the rate of contralat- 
eral neck failures was not influenced by a positive 
histopathology in the ipsilateral neck. There were 
ten contralateral neck failures with both glottic and 
supraglottic lesions when the ipsilateral neck 
specimen was negative, and only one contralateral 
neck failure with a positive ipsilateral neck spec- 
imen. The neck was not a reliable guide in pre- 
dicting future contralateral neck disease. 


Table 10 shows the site distribution of the micro- 





TABLE 7. SITES OF FAILURE FOLLOWING INITIAL TREATMENT IN RND GROUP (SG 2 a 
Total Cervical Ipsilateral* Contralateral* 

Primary Site References Uacontrolled Controlled Uncontrolled Controlled 
Glottic 19/86 = 22.0% 10.5% (2) 26.3% (4) 36.8% (7) 31.6% (6) 
Supraglottic 16/77 = 20.7% 37.5% (6) 31.2% (5) 31.2% (5) 
Oral cavity 8/44 = 18.1% 37.5% (3) 12.5% (1) 50.0% (4) 
Base of tongue 4/8 = 50.0% 30.0% (4) 50.0% (4) 

Hypopharyax 2/12 = 16.6% 200.0% (2) 


*Expressed as percentage of total cervical recurrences. 
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TABLE & SITES OF FAILURE IN GLOTTIC CANCERS ACCORDING TO T-STAGE FOLLOWING INITIAL TREATMENT 
CAND CROUET SE eee ea ee 


Sa ttn tnt AHHH AMAR RHE aana ananman maana RLY ARAMA annaa Ray amen tie 
{ah in niinn otek niar whan aruairMiahanamernnnntnihl wi amvinarr—ntmsntye=s" 


_IN RND GROUP (SG 2 


Hep titel tel AAO UI SNA HA SAL CLAIRE RARER LRA RRL AAAA a RAMANA BALA LALLA ruaa aaa a 


| Ipsilateral Contralateral 
Site T-Stage Total No. Uncontrolled Controlled Uncontrolled Controlled 
Glottic (positive modes in RND 
spec.) Ts 
T, 2 2? i? 
Ts 3 3 
T, l 1 
Glottic (negative aodes in RND 
spec.) T, 
T; l 1 
T; 9 l 2 2 4 
Ty 3 l ] l 
Total 19 2 5 i 6 
*One patient had bilateral neck failure. 
scopically posi ive neck specimens. As expected, the DISCUSSION 


glottic lesions had the lowest number of positive 
specimens and the hypopharynx and base of tongue 
had the highest. In Table 11 the histological find- 
ings in the rad cal neck specimens with the cervical 
failures are co-related. The failure rate was essen- 
tially the same when the neck nodes were positive or 
negative. Furtaer analysis of the neck specimen in 
Table 12 show: that the number of nodes that were 
microscopically positive or the extent of the 
microscopic disease did not influence the cervical 
failure rate. 


The radiation ~herapy group consisted of 213 pa- 
tients of whom 187 patients were eligible for study. 
In all these patients the first and second echelon of 
lymph nodes were treated with radiation alone and 
of these 53% vere treated with less than 5000 rads 
and 42% with sreater than 5000 rads. It was appar- 
ent from the arrangement of the ports that the first 
echelon of lymvh nodes received as much radiation 
as the primary :umor in 42% of the cases. Thus the 
dose utilized in the necks in these cases was approx- 
imately equal to zhe dose delivered to the primary. 
The failures in the radiation group were analyzed 
according to tke location of the recurrence in the 
neck. Table 1¢ shows the relationship of the pri- 
mary status to the site of the neck conversion. There 
were 35 total necx failures and 26 of these occurred 
with the prima-y uncontrolled. Only five neck con- 
versions develoved with the primary controlled and 
of these two oecurred within and three outside of 
the radiation fields. Therefore, the neck conversion 
rate with the primary controlled for the radiation 
group was 2/187 (1.1%). 


The number of patients evaluated in this study 
(615) compares favorably with the studies of Flet- 
cher® in 1972 (187), and Goffinet et alf in 1975 
(402). In order to develop meaningful statistics, the 
reviewed cases were staged according to tumor size 
and a minimum follow-up period of three years was 
used as a criterion for inclusion in the study. 


In patients who had surgery for the primary and 
no RND (SG-1), the rate of failure in the neck with 
primary control was less than 2% no matter what 
the site of the primary. In patients who had surgery 
for the primary and concomitant RND (SG-2), the 
rate of failure in the neck with primary control was 
less than 9% irrespective of the primary site. The 
failure rate for the ipsilateral neck was 2.1% and 
for the contralateral neck it was 6.1%. There were 
more contralateral failures in patients with histo- 
logically negative (ipsilateral) neck specimens than 
in the group with histologically positive neck spec- 
imens. This raises a question about the reliability of 
neck histopathology in predicting future contra- 
lateral disease. 


In comparing the actual failure rate for patients 
in SG-1 with the expected neck failures based on 
Table 10, one finds a significant discrepancy. There 
were only two neck failures in the untreated necks 
when the primary was controlled. It is apparent 
from the distribution of cancers in SG-1 that these 
are relatively low T-stage lesions. Nevertheless, the 
failure rate of 1.5% is far below the expected con- 
version rate based upon a comparison of SG-1 and 
SG-2. This lends support to the theory that the 


arrarena 


TABLE 9. SITE GF FAILURE IN SUPRAGLOTTIC CANCERS ACCORDING TO T-STAGE FOLLOWING INITIAL 
TREATMENT IN RND GROUP (SG 2) 


Ipsilateral Contralateral 
Site T-Stage Total No. Uncontrolled Controlled Uncontrolled Contralled 
Supraglottic RND +) T, 
T l i 
T; l l 
Ta 4 ] 3 
Supraglottic RND ¢-) T, 
T, 3 ] 2 
T; 2 2 
‘4 4 2 l l 
Total 16 6 5 5 
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TABLE 10. SITE DISTRIBUTION OF HISTOLOGICALLY 
POSITIVE ELECTIVE NECK DISSECTION SPECIMENS 


Glottic 21/86 24.0% 


Supraglottic 27/77 35.0% 
Oral cavity 18/44 41.0% 
Base of tongue 6/8 75.0% 
Hypopharynx 6/8 75.0% 


(This data is collected from the SG2 group of 228 patients — see Table 2) 


lymph nodes perform a surveillance function when 
the primary has been controlled. 


Examination of Table 12 shows that the mumber 
of microscopically positive nodes did not influence 
the cervical failure rate. The RND is an aggressive 
form of treatment and an adequate therapy for any 
amount of microscopic disease. The modified neck 
dissection should be considered in these patients so 
that functional and cosmetic structures can be left 
intact. 


TABLE 11. CERVICAL FAILURES AS CORRELATED 
WITH HISTOLOGICAL FINDINGS IN RND SPECIMENS 


Status of 
Lymph Nodes No. Pts. No. Failed © Failure 
Positive nodes 78 18 23.0 
Negative nodes 150 31 21.0 
Total 228 49 21.5 


In the group of patients treated with radiation 
therapy alone, there were 35 out of 187 patients 
(18.7%) with neck failures. Most of the failures 
were in-field and associated with an uncontrolled 
primary. Additional radiation therapy to out-of- 
field sites would not have added to primary tumor 
control. Planned combined therapy should be con- 
sidered for large lesions in primary sites other than 
the nasopharynx. 


CONCLUSIONS 


l. The conversion rate for necks with primary 
control is not even close to the number predicted 
based upon percent positive elective neck speeimens. 


2. Microscopic ipsilateral neck histopathology is 
not a reliable guide for predicting future contralat- 
eral neck conversion. 


3. The number of neck failures with primary 


TABLE 12. NUMBER OF LYMPH NODES POSITIVE IN 
RND SPECIMENS VS FAILURES IN NECK 





No. Nodes % Recur- 
Positive Total No. No. Recurred rence 
One node + 40 9 22.5 
Two nodes 16 4 25.0 
Three or mere + ag 5 22.7 
Totals 78 18 23.0 


control is very low with elective RND or elective 
radiation therapy. 


4. In a series with predominantly T, and T, le- 
sions, the failure rate in the neck was low with no 
neck therapy. Radiation therapy is as good as sur- 
gery in controlling microscopic neck disease when 
the primary is controlled. 


TABLE 13. CORRELATION OF PRIMARY STATUS AND 
FAILURE SITE (RADIATION GROUP) 


Status of Primary Disease at the 
Time of Failure 


Failure Site Uncontrolled Controlled Totals 


In-field* 26 2 28 
Supraclavicular nodes ] 2 3 
Lower cervical 0 l l 
Posterior cervical 3 0 3 

Totals 30 5 35 


*Failure occurring within the irradiated field. 


5. The number of microscopically positive nodes 
found in elective RND does not correlate with sub- 
sequent neck failures. 


6. The most important factor affecting the subse- 
quent neck failure is primary tumor control. 


7. Radiation therapy is effective in controlling 
in-field occult metastasis when the primary is con- 
trolled. Low cervical and/or supraclavicular recur- 
rences occur rarely when the primary is controlled; 
therefore, elective treatment of these areas seems 
unwarranted. 


8. The patients in this study did not have pal- 
pable disease anywhere in the neck. In regard to a 
patient with a head and neck primary and a palpa- 
ble ipsilateral node and a negative contralateral 
neck, the conclusions in this study are not applic- 
able and should not be used to plan treatment for 
the negative contralateral neck. 
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EXTENDED PARTIAL LARYNGECTOMY 
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This report deails the diagnosis and treatment of a patient with a large Ts NoMo laryngopharyngeal cancer by combined surgical exci- 
sion and planned pos-operative irradiation therapy. Surgical excision included a horizontal subtotal supraglottic laryngectomy combined 
with a vertical hemilaryngectomy and partial pharyngectomy. The patient was reconstructed with a free sternocleidomastoid muscle 


graft. The results enc implications of this therapy are discussed. 


Conservation surgery of the larynx refers to 
surgical removal of malignant tumors involving 
specific areas of the larynx with preservation of 
sphincteric, respiratory, and phonatory function. 
Inherent in this surgical approach is the concept 
that neither cencer cure nor laryngeal function is 
sacrificed at ei her’s expense. Previous reports have 
detailed both operative techniques and the immedi- 
ate reconstruct ve procedures which have been em- 
ployed.' Emp.oying strict preoperative criteria, 
satisfactory long-term results in the treatment of 
cancer of the larvnx have been reported.” 


Occasionally, an opportunity arises in which the 
standard preoperative criteria for employing con- 
servation surgical techniques may be enlarged to 
meet a specific patient need. This report will detail 
the treatment cf a patient with a large supraglottic 
cancer where the indications for partial laryngec- 
tomy were extended. 


CASE REPORT 


The patient is a 56-year-old white male who 
presented with a four-week history of hoarseness, 
sore throat, dysphagia, and odynophagia. He was 
in good physieal condition except for some em- 
physema. 


Examination in the office revealed a large ex- 
ophytic tumor involving the right aryepiglottic 
fold, the epiglettis, the right false vocal cord, and 
the right medial wall of the pyriform fossa. The 
right true voca. cord could not be seen. There were 
no palpable lymph nodes in the neck. There were 
signs of chronie cbstructive pulmonary disease. 


Direct laryngoscopy confirmed the findings and 
revealed the right true vocal cord was involved with 
the tumor. CT scan revealed invasion into the pre- 
epiglottic space but no cartilage destruction. 
Laryngogram confirmed the above findings and in- 
dicated decreazed motion of the right true vocal 
cord. Pulmona-y function studies revealed normal 


forced vital capacity, mildly decreased forced ex- 
piratory volume, and severely decreased minimum 
midexpiratory flow rate. Arterial blood gases were 
normal. 


Biopsy revealed well-differentiated epidermoid 
carcinoma. The lesion was staged as a T; NoMp tu- 
mor of the marginal area. The treatment plan in- 
volved combined surgery and postoperative irradia- 
tion therapy. 


Surgical Technique for Resection. The surgical 
approach included a low collar incision and the 
raising of an inferior-based thyroid cartilage peri- 
chondrial flap. After a horizontal cartilage cut at 
the ventricular level of the left hemilarynx, the 
vallecula was entered through a left infrahyoid 
pharyngotomy. Tumor removal was begun by com- 
ing across the left aryepiglottic fold to the anterior 
commissure. Because the right true vocal cord 
tumor involved the subglottic area down to just 
above the cricoid cartilage, a vertical cartilage cut 
was made in the midline. In order to encompass the 
lesion, the patient thus underwent a subtotal 
supraglottic laryngectomy for the superior margin 
associated with an en bloc right vertical hemi- 
laryngectomy for the inferior and posterior margins 
and a right partial pharyngectomy for the lateral 
margin. No neck dissection was performed. 


Reconstruction. The resulting defect included the 
mobile left true vocal cord and the cricoid cartilage. 
A major portion of the right pyriform fossa was 
missing. Reconstruction of the defect began with a 
cricopharyngeal muscle myotomy. A right pseudo- 
cord was formed from a large free flap of muscle 
from the ipsilateral sternocleidomastoid muscle. 
This was sutured in place between the anterior 
commissure and the midline of the cricoid cartilage 
posteriorly. Attempt at marked overcorrection was 
made. The pharyngectomy was closed by suturing 
the thyroid perichondrium to the base of the tongue 
and the lateral pharyngeal wall. 
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The resected specimen included the epiglottis, 
both false vocal cords, and the right hemilarynx 
with its true vocal cord including the arytenoid, en 
bloc with the pyriform fossa to the lateral pha- 
ryngeal wall. Pathologic examination revealed a 
well-differentiated epidermoid carcinoma involv- 
ing the superficial laryngeal surface and extending 
from the epithelial surface of the laryngopharynx 
around the cartilage of the epiglottis to involve ex- 
tensively the soft tissue compartment anterior to the 
epiglottis. The margins of resection of the larynx 
were free of tumor but the lateral pharyngeal 
margin showed tumor involving the lateral margin. 
Vascular invasion was present. 


Postoperative Course. The wound healed per 
primam and the patient underwent 6,000 rads of 
planned postoperative irradiation therapy to the 
laryngopharynx and both sides of the neck. He was 
decannulated without difficulty at four months 
postoperative. Examination of the larynx revealed a 
4 mm glottic chink with good glottic closure. De- 
glutition was performed with little difficulty. He 
spoke with a heavy whisper. 


Follow-Up. He did well until about 11 months 
postoperatively, at which time he was admitted for 
aspiration pneumonia. Direct laryngoscopy at that 
time revealed some atrophy of the pseudocord. This 
was treated with a gastrostomy and a cartilage im- 
plant reconstruction of the pseudocord. Presently 
he is decannulated and has a strong voice. He shows 
no evidence of recurrent disease 16 months post- 
operatively. Because of some continued problems 
with glottic incompetence and increased chronic 
obstructive pulmonary disease it has been elected to 
leave his gastrostomy tube in for an indefinite 
period. 


COMMENTS 


This patient did well following combined sub- 
total supraglottic laryngectomy, hemilaryngec- 
tomy, and partial pharyngectomy associated with 
full course postoperative irradiation therapy. The 
complication of late glottic insufficiency resulting 
in aspiration pneumonia was felt to be due to 
atrophy of the muscle implant in the reconstructed 
pseudocord. This occurred at the 11th month 
postoperative and was treated with a cartilage im- 
plant. 


Surgical treatment of postsurgical glottic in- 
competence has centered on Teflon® injection of 
the pseudocord scar or reconstruction of a new 
pseudocord. Arnold? and Lewy* have reported satis- 
factory results of Teflon injection for an inadequate 
pseudocord after hemilaryngectomy, but both have 
pointed out that the procedure is limited by the 
denseness of the scar. We have noted that if there is 
tissue space which will accept the Teflon, then this 
is a very satisfactory approach. 


For incompetent glottic insufficiency with a large 
amount of tissue loss, a pseudoeord must be recon- 
structed. Historically the glottis has been recon- 
structed with cartilage,*>° musele," '* mucosa,'*"'* 
and skin'® with and without laryngeal stents. '* We 
have used muscle flaps“ and cartilage implants.” °? 
Following the use of cartilage implant, if glottic in- 
competence is still present, the creation of the space 
in the pseudocord where the cartilage is allows for 
the future successful injection of Teflon. 


This patient did well functionally until the mus- 
cle in the reconstructed pseudocord atrophied. In 
the future, the use of a sternocleidomastoid myocu- 
taneous pedicle flap for this type of reconstruction 
may well preclude this late complication. 
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Acute cricoarytenid arthritis is a frequent complication of rheumatoid arthritis and the most frequent otolaryngologic manifestation 
of the disease. Over 25% of rheumatoid arthritis cases have discomfort from this problem. Other etiologies can produce cricoarytenoid ar- 
thritis. Symptoms range from mild discomfort through hoarseness to complete airway obstruction requiring emergency tracheotomy. 
Chronic cricoarytenoid arthritis may result in joint ankylosis and vocal fold fixation. Single periarticular triamcinolone injections may 
bring rapid and dramatic relief of the symptomatology of nonankylosed acute cricoarytenoid arthritis for periods of up to one year if other 
medical management is adequate. Six cases illustrate the problem and the efficacy of this treatment methodology. Findings, pathology and 
pertinent literature are discussed. Specific criteria for considering this technique are outlined. This form of therapy has not been described 


previously. 


The cricoarytenoid joint is a true diarthrodial 
joint with both < synovial lining and fluid-filled 
space within a fibrous bursa. The joint allows mo- 
bility of the arytenoid cartilage. Three movements 
have been described: a rotatory or rocking move- 
ment around the joint axis, a gliding movement 
parallel to the axis, and a pivoting motion around 
the posterior cricoarytenoid ligament.' These 
movements are controlled by the antagonistic con- 
tractions of the laryngeal musculature and the re- 
sultant position of the arytenoid adjusts vocal fold 
position and vocal quality. 


The cricoarytenoid joint is subject to pathologic 
changes identical with those of diarthrodial joints 
elsewhere in the body.”? Inflammation of the joint 
structures can develop with local infectious disease, 
trauma, or with a systemic illness such as rheuma- 
toid arthritis. Acuce inflammatory changes can pro- 
duce decreased mobility or fixation from local 
edema and muscle splinting. Chronic inflammation 
can result in anky_osis, vocal fold fixation, and air- 
way obstruction. 


Acute cricoarytenoid arthritis may result from 
direct extension of such bacterial infections as strep- 
tococcal pharyngitis and laryngitis, diphtheria, ty- 
phoid fever, syphilis, and tuberculosis. Mumps and 
probably other viral infections may rarely produce 
arthritis.* Traume to the joint from intubation of 
the trachea or escphagus, or endoscopy may pro- 
duce acute arthritis as may radiation therapy. 


Many systemic diseases? especially rheumatoid 
arthritis, osteoarthritis, ankylosing spondylitis gout, 
Reiter's syndrome, Felty’s syndrome,‘ and systemic 
lupus erythematosus can produce cricoarytenoid ar- 


thritis. Radiation therapy may result in chronic ar- 
thritis and fixation. Chronic arthritis from any 
etiology may result in ankylosis. Chronic immobili- 
ty of the arytenoid from recurrent laryngeal nerve 
palsy may also produce ankylosis.’ 


The symptoms and physical findings differ in 
acute and chronic cricoarytenoid arthritis.” Exacer- 
bations with acute joint inflammation may obscure 
the presence of chronic arthritis. There is probably 
a spectrum of symptoms, physical findings and pa- 
thology which includes both acute and chronic cri- 
coarytenoid arthritis. 


The symptoms of acute cricoarytenoid arthritis 
begin with a sensation of fullness, tenseness, or of a 
foreign body in the throat. Pain soon develops local- 
ly and is also referred to the ear. The pain is inten- 
sified with speaking, coughing, or swallowing. 
Hoarseness develops with increasing inflammation. 
Dyspnea and inspiratory stridor appear as arthritis 
and fixation progresses. In children and occasional- 
ly in adults laryngotracheobronchitis and asthma 
may be “diagnosed” incorrectly, when in reality, 
cricoarytenoid arthritis is present. 


Examination of the larynx with acute cricoary- 
tenoid arthritis reveals the arytenoids to be red, 
swollen, and tender to palpation, either directly or 
by manipulating the larynx (Fig. 1A). The vocal 
folds may be normal or with intact muscular inner- 
vation, the vocal folds will bow laterally with in- 
spiration. 


In chronic arthritis, on the other hand, pain usu- 
ally is minimal or absent. Hoarseness rarely is pres- 
ent and then is only slight. Dyspnea results from bi- 
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Fig. 1. A) Acute cricoarytenoid arthritis. Note edema and petechiae of inflammation. C - Cricoarytenoid region; 
P - Posterior pharyngeal wall; T - Endotracheal tube. B) Passive mobility test. Note closed forcep (F) parang arytenoid 


(A) mobility (upper arrow). G - Glottic level; T - Endotracheal tube; lower arrow - cricoarytenoid joint 


lateral fixation, but may not be noted in a bedrid- 
den patient. Inspiratory stridor appears with acute 
exacerbation of the arthritis, respiratory infection, 
physical exertion, and when the patient is sedated 
or asleep. Stridor may not be noticed if the patient 
is inactive, but awake and alert. The inspiratory 
stridor is frequently mistaken for asthma or chronic 
bronchitis. 


On examination of the larynx with chronic crico- 
arytenoid arthritis no obvious inflammation is seen. 
The mucosa over the arytenoids may appear rough- 
ened and thickened. The vocal folds are narrowly 
separated, and bow with inspiration if both 
arytenoids are fixed. The arytenoids are immobile 
and found to be fixed to the cricoid on direct palpa- 
tion.’ 


Therapeutic measures for cricoarytenoid arthritis 
are of two general types, systemic and local.’® Sys- 
temic therapy includes antibiotics for infectious dis- 
ease, antitoxin for diphtheria; and corticosteroids, 
antiinflammatory agents and colloidal gold for 
rheumatoid arthritis. Local measures are directed 
at correcting the long-term effects of cricoarytenoid 
fixation, eg, tracheotomy and/or arytenoidectomy 
for ankylosis and airway obstruction, and vocal fold 
Teflon® injections for ankylosis with lateral fixa- 
tion of the arytenoid and vocal fold. No specific 
local therapy has been suggested for acute or chron- 
ic cricoarytenoid arthritis without ankylosis. 


The good success we have obtained in treating 
cricoarytenoid arthritis with a new application or 
variation of an old technique used for acute arthritis 


evel, 


in other diarthrodial joints. Our results to date are 
promising. 


METHODS 


Patients. Six patients with rheumatoid arthritis and acute ar- 
thritis and inflammatory fixation (without ankylosis) of at least 
one cricoarytenoid joint were selected for treatment. Three pa- 
tients had undergone emergency tracheotomy for acute airway 
obstruction from bilateral vocal cord fixation. All patients had 
had prolonged therapy with steroid and antiinflammatory agents. 
All developed acute cricoarytenoid arthritis while on an otherwise 
satisfactory dosage of these medications. 


Technique. Before a muscle relaxant is administered or endo- 
tracheal intubation performed, with the patient at a light plane of 
general anesthesia, direct laryngoscopy is performed. Laryngeal 
muscle activity is evaluated. Deeper anesthesia and muscular re- 
laxation is attained and a small diameter endotracheal tube in- 
serted or Venturi ventilation established. Arytenoid cartilages are 
palpated and mobility established (Fig. 1B). A false impression of 
fixation mav result if too large an endotracheal tube is used. If 
stridor has been present, bronchoscopy may be performed. 


Triamcinolone* for injection is prepared in the strength desired 
(10-40 mg/ml). A 3 or 5-ml Leuer-lock syringe is filled with triam- 
cinolone and attached to a straight laryngeal Teflon injection nee- 
dle (Fig. 2). One to two milliliters of steroid (10-40 mg) is then in- 
jected submucosally in the periarticular regions of the arytenoid 
eminence(s) (Fig. 3). Postoperative care is as follows any en- 
doscopic procedure. 


When arthritis etiology has been established, the procedure can 
be repeated as necessary for acute relapses as an out-patient tech- 
nique with local anesthesia and direct or indirect endoscopic tech- 
nique as is indicated by the preference and experience of the 
surgeon. 


*Triameinolone acetonide: Kenalog®. E.R. Squibb & Sons, Princeton, 
NJ; triamcinolone diacetate: Aristocort Forte®. Lederele Laboratories, 
Pearl River, NY. 
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Fig. 2. Injection needle and syringe loaded with triamcinolone. Inset) Injection needle tip. 


RESULTS 


Six patients have undergone periarticular steroid 
injections. Their pathology and results of treatment 
are summarized in Table 1. All experienced drama- 
tic improvement in symptomatology. All tracheot- 
omized patients were decannulated: two within five 
days of treatment and the other within one month. 
There were no postoperative complications. One 
patient died 12 nonths postoperatively of unrelated 
causes, without recurrence of severe symptoms. The 
absence of anky_osis was confirmed at autopsy. One 
patient developed severe pain without fixation five 
months after injection. A second injection gave 
symptomatic re ief for an additional eight months. 
He was then los: to follow-up. One patient required 
repeat injections for refixation at eight months and 
remained without symptoms for 1'/, years. Two pa- 
tients developed mild discomfort at four and six 
months, respectively, after injection, without 
recurrence of fixation and have had no further in- 
jections. One patient had no recurrence of symp- 
toms. Minimum follow-up is six months, maximum 


2"/, years (Table 1). 


DISCUSSION 


Cricoarytenoid arthritis has been recognized for 
over 100 years’ and intermittently described in text- 
books. An almost complete hiatus in discussion con- 
cerning this problem existed for much of the early 
20th century. In the 30 years preceding the first 
report of Montgomery et alè only one related report 
had appeared, in 1943.° 


Montgomery’ brought awareness of the problem 
in a series of articles. Both he and Polisar’ have ex- 
tensively reviewed the anatomy, pathology and his- 
torical literature concerning the cricoarytenoid 
joint and its progressive inflammatory degenera- 
tion. Montgomery first noted the frequency of the 
problem in rheamatoid arthritis, 26% of patients 
having symptoms of cricoarytenoid involvement.’ 
Many other reports have appeared in the otolaryn- 
gologic, medica end anesthesia literature. 


A review of this literature revealed that, except 
for hydrocortisene spray,'® no local therapy had 


been described for acute arthritis fixation without 
ankylosis, or for severe acute arthritis symptoms in- 
cluding pain. Systemic medications are prescribed 
for local infections and inflammation as well as for 
systemic diseases. A variety of surgical techniques 
can be used to manage the complications and se- 
quelae: tracheotomy, arytenoidectomy, arthro- 
desis, and Teflon injections. 


The necessity of performing an emergency tra- 
cheotomy four years ago on a hospital nurse of long 
family acquaintance of one of the authors (GTS) 
aroused an interest in the symptomatic relief of the 
severe pain of cricoarytenoid arthritis. Considera- 
tion of steroids led to the triamcinolone compounds, 
approved for local use in intraarticular injection for 
acute arthritic episodes. The initial injections were 
performed only for the relief of pain. The resolution 
of inflammatory fixation, resumption of arytenoid 
mobility and subsequent decannulation comprised 
a serendipitous discovery. 


While composing this paper, we have discovered 
a reference in the German literature to a single case 
of local steroid injection at the cricoarytenoid 
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Fig. 3. Diagrammatic illustration of injection sites. 
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TABLE 1. ACUTE CRICOARYTENOID ARTHRITIS: RESULTS OF LOCAL STEROID INJECTIONS 


Follow-up 
Patient Age (yr Sex Disease Tracheotom Recurrence Repeat months 

l 64 M RA Yes Mild at 6 mo 0 24 

2 37 M RA No Fixation at 8 mo; none 1 (8) 26 
after 2nd treatment 

3 42 F RA No Mild 0) 18 

4 52 M RA Yes Severe pain (5 mo); none 1 (5) 13" 
after 2nd treatment 

5 52 F Felty’s syndrome Yes None 0 121 

6 45 M Gout No None 0 12 


RA - Rheumatoid arthritis. 


* Lost to follow-up. 


tDied of unrelated causes; no fixation at autopsy; first patient treated. 


joint.'' This report described a case of complete 
ankylosis of the cricoarytenoid joints with aphonia 
following intubation, which was converted to near- 
ly normal mobility and voice using repeated trans- 
cutaneous transthyrohyoid membrane injections of 
fludrocortisone and hyaluronidase under direct 
microlaryngoscopy followed by repeated passive 
mobilizations of the joints. In actuality, this 
“ankylosis” may rather have been a form of inflam- 
matory fixation following trauma, with minimal 
fibrosis, rather than being a true ankylosis. 


Fludrocortisone for parenteral use is not avail- 
able in this country; only the oral form* is avail- 
able. Because of its marked effects on sodium reten- 
tion, its indicated use is only in the treatment of 
adrenocortical insufficiency and adrenogenital syn- 
drome. For this reason, we believe triamcinolone 
compounds are distinctly preferable. 


Hyaluronidaset hydrolyzes hyaluronic acid, 
markedly enhancing diffusion of injected sub- 
stances. It has been a relatively safe compound and 
has been used to assist absorption of parenteral 
medications. Its use with local steroid injections 
around the cricoarytenoid joint may be valid. We 
have not evaluated this medication for this use; the 
triamcinolone compounds alone have provided sat- 
isfactory results. 


As with any technique, a successful result is 
dependent on careful and proper patient selection. 
We believe all of the following indications or cri- 
teria must be met before giving consideration to the 
use of the technique we have described: 


l. The clinical presence of acute cricoaryten- 
oid arthritis with one or more of these ma- 
jor symptomatic manifestations must be es- 
tablished: inflammatory fixation, airway 
compromise, or severe pain. 


2. The absence of cricoarytenoid ankylosis 
must be proven by the passive mobility test 
of Chevalier Jackson, Sr. and W.W. Mont- 


gomery.’ 


THyaluronidase: Wydase®. Wyeth Laboratories, Philadelphia, Penn. 


3. Recurrent laryngeal nerve function must 
be proven with direct observation of mus- 
cular activity. 


4. Symptoms have persisted or developed 
despite careful and adequate medical man- 
agement of the problem. 


Absolute contraindications to this technique (ex- 
cept for the relief of severe pain) include: 1) anky- 
losis of the cricoarytenoid joint; 2) recurrent laryn- 
geal nerve palsy; 3) other obstructive airway pa- 
thology; 4) active infectious inflammation; 5) laryn- 
geal malignancy. 


With these criteria fulfulled, the technique can 
be considered. 


Local triamcinolone injections for acute cricoary- 
tenoid arthritis offer a number of advantages: 


1. It is therapy delivered locally to a specific in- 
volved site. 


2. The medication is appropriate, government- 
approved, and readily available. 


3. All instruments are readily available in most 
operating rooms. 


4. No special training is necessary for an exper- 
ienced laryngologist. 


5. Only moments are required to perform the 
procedure. 


6. The technique can be combined with the di- 
agnostic procedure. 


7. The injection can be performed under local 
anesthesia. 


8. There is minimal risk. 


9. Cost/benefit ratios are excellent, as little or 
no hospitalization may be necessary. 


10. Outpatient treatment is possible. 


11. Patient relief is profound. 


SUMMARY 


A new technique is described: periarticular 
triamcinolone injections, for specific treatment of 
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acute cricoaryt-noid arthritis and the results of a 
preliminary cliaical trial are reported. The anat- 
omy of the cri@arytenoid joint, and the etiology, 
clinical manifestations and pathology of cricoary- 
tenoid arthritis are described. Literature discussing 


the problem and its treatment is reviewed. Specific 
criteria for patient selection, and indications and 
contraindications for use of the technique are 
enumerated. The advantages of the technique for 
the patient are discussed. 
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Blastomycosis is an uncommon fungal disease which may mimic carcinoma ef the larynx. Physical examination may show a granular 
appearance early in the disease with progression to laryngeal fibrosis. Histologic examination usually shows pseudoepitheliomatous hyper- 
plasia, microabscesses, and giant cells. The broad-based budding yeast organisms may be easily overlooked unless special stains are used. 
Two cases of laryngeal blastomycosis which were originally treated as carcinoma are reported. 


INTRODUCTION 


Blastomycosis is a fungal disease which may be 
mistaken for carcinoma of the larynx.'-* Laryngeal 
involvement is usually a sign of systemic blastomy- 
cosis and may occur with or without concurrent 
pulmonary involvement. 


Blastomyces dermatitidis is thought to reside in 
the soil but only rarely have investigators been able 
to culture this organism from the soil. Several small 
epidemics of blastomycosis occurring in North Car- 
olina, Minnesota, and Illinois were carefully 
studied by epidemiologists, but the source of the or- 
ganism could not be confirmed by culture tech- 
niques.* Despite this lack of confirmation, evidence 
from canine infections as well as analysis of human 
cases points to soil enriched by bird excreta as the 
probable ecological niche for this organism.* In 
nature, the fungus B dermatitidis grows as a 
mycelium with dumbbell or lollipop-shaped spores. 
These become airborne when the mycelium is dis- 
turbed and serve as the infecting agents. The spores 
are usually inhaled into the lungs leading to the 
pulmonic involvement initially. The organism con- 
verts to a budding yeast phase in infectec mam- 
mals. 


Case reports show a 9:1 male predominance.** 
Bird hunters seem to be unusually susceptibE to the 
disease.* The incidence of blastomycosis is much less 
than histoplasmosis or coccidioidomycosis, al- 
though true incidence figures are not available be- 
cause it is not a reportable illness in most states. 


CLINICAL PRESENTATION 


Blastomycosis may present as either am acute 
pneumonia or as a chronic disease of insidious on- 
set. In epidemics the disease usually presents with 
an abrupt onset of high fever, productive cough, 


myalgia, arthralgia, and sometimes erythema nodo- 
sum. Usually this form of acute pulmonary infec- 
tion is self-limited and requires no specific treat- 
ment, but occasionally a patient will develop pro- 
gressive pulmonary or extrapulmonary disease, re- 
sulting in death. 


The patients with blastomycosis of insidious onset 
deny symptoms of acute pneumonia and may pre- 
sent instead with a chronic productive cough, blood- 
streaked sputum, weight loss, malaise, anorexia, 
low grade fever, and anemia. Chest roentgeno- 
graphic findings are not diagnostic. Pulmonic infec- 
tion frequently leads to hematogenous dissemina- 
tion throughout the body. More than 60% of symp- 
tomatic patients have the disseminated form of the 
disease. 


Virtually any organ system may be affected by 
the disease, with skin as the most frequent site of 
dissemination. Large verrucous skin lesions or local- 
ized chancriform lesions from direct inoculation oc- 
cur which clinically and sometimes microscopically 
look like carcinoma. Other body parts involved in- 
clude the bones, genitourinary system, central ner- 
vous system, and upper respiratory system. 


Laryngeal Involvement. The most common pre- 
senting complaint of patients with laryngeal blasto- 
mycosis is persistent hoarseness.*° With early dis- 
ease one may see an inflammetory stage in which 
the laryngeal mucosa develops an erythematous 
granular appearance with multiple gray pinhead 
microabscesses. This progresses to a grayish, nod- 
ular pattern. Ulcerations may develop and are cov- 
ered by a thin, gray membrane. As the disease pro- 
gresses, fibrosis occurs, producing fixation of the 
vocal cords with resulting vocal cord obstruction 
and eventually laryngeal stenosis. In the far ad- 
vanced case, multiple laryngocutaneous fistulae 
may develop.° 


From the Department of Otolaryngology and Maxillofacial Surgery and the Department of Pathology, University of Arkansas Medical Sciences Cam- 


pus, Little Rock. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, April 14-15, 1980. 
REPRINTS — James Y. Suen, MD, Dept. of Otolaryngology, Univ. of Arkansas Medica! Sciences Campus, 4301 W. Markham, Little Rock, AR 72205. 


564 SUEN ET AL 





Fig. 1. Epigl&tis specimen with ulcerative lesion of the 
tip. Epiglottis was cut to look at depth of invasion and re- 
sutured. 


Laboratory Diagnosis. The blastomycosis com- 
plement fixaticm test is unreliable.’ Most patients 
with blastomycosis have a negative complement fix- 
ation test. Moreover, a positive test is not specific 
for blastomycosis. The blastomycosis skin test also 
gives equivocal results even in confirmed cases.’ 


With pulmoaary involvement, the diagnosis is 
usually made Fy sputum culture and smear. The 
disseminated lesions are diagnosed by culture and 
tissue examinaton. The organism grows in the yeast 
phase on Sabouraud agar medium at 37 C and 
plates should b- kept four weeks before a negative 
growth is repored. 


CASE REPORTS 


Case 1. This whit male patient was 53 years old when he pre- 
sented with a one-y ar history of sore throats and hoarseness, He 
had a 40-pack/year smoking history. Indirect laryngoscopy re- 
vealed a lesion of the epiglottis, which was thickened. granular, 
and ulcerative (Fig 1). He had a 2 cm node in the left mid- 
jugular area. The iritial impression was a T2, N1, MO squamous 
cell carcinoma of tł supraglottic larynx. 


A direct laryngos ofy was performed and a biopsy done. The 
frozen section diagrosis was squamous cell carcinoma. A supra- 
glottic laryngectomw and bilateral modified neck dissections were 
carried out. Five mcnths after surgery the patient returned, again 
complaining of a cre throat. Biopsy of an ulcerated hypo- 
pharyngeal lesion vealed pseudoepitheliomatous hyperplasia 
and occasional grarulomata. One year postoperatively the pa- 
tient returned with bilateral serous otitis media. Biopsies of a 
nasopharyngeal lesi-n revealed chronic inflammation. The pa- 
thologist decided to eview the biopsies and the material from the 
supraglottic larynge tomy and felt that the original laryngeal le- 
sion was not carcinama but blastomycosis. 


Further questioni .g of the patient at this time revealed that a 
skin lesion hac been emoved from his thigh three years previously 
and he had been tcd that it was a fungus infection. His chest 
x-rays were all interoreted as normal. 


The patient was teated with a total dose of 1,800 mg of am- 
photericin B over fixe months. In April 1980 the patient was do- 
ing well with no signeficant abnormalities noted on his exam. 


Case 2. This 65-year-old white male presented at the University 
Hospital in August 1974 with a history of hoarseness of six months 
duration. He had raised chickens and done gardening for years 
and had a history of excessive smoking. Direct laryngoscopy 
revealed diffuse granular, edematous changes in most of the en- 
dolarynx. Biopsy was interpreted as chronic inflammation with 
“dysplastic” squamous epithelium. Because of his persistent 
hoarseness and abnormal-appearing larynx, he had four repeat 
laryngoscopies over the following two years. The larynx con- 
tinued to show edema, with granular lesions which were becom- 
ing nodular. The repeat biopsies were interpreted as showing in- 
flammation, necrotic debris, and “atypical” or hyperplastic squa- 
mous epithelium. Cultures were performed for fungi and tuber- 
culosis and were negative. Tomography demonstrated that the 
mass on both cords had enlarged and extended both infraglottical- 
ly and supraglottically. 


In September 1976 a presumptive diagnosis of squamous cell 
carcinoma was made and the patient underwent a full course of 
radiotherapy (6,500 rads). After treatment the patient continued 
to have progressive problems with his larynx. He was seen in Jan- 
uary 1979 with airway obstruction requiring a tracheostomy. Di- 
rect laryngoscopy revealed a small, scarred epiglottis with diffuse 
nodular and fibrotic changes of the larynx. The vocal cords were 
partially fixed and difficult to expose because of fibrosis of the 
larynx. Biopsy at this time revealed inflammatory changes with 
numereus giant cells and obvious fungi. Review of the preceding 
biopsies showed occasional fungi resembling Blastomyces in each. 


His chest x-rays were consistent with a granulomatous process. 
From August 1973 until 1976 a progressive, bilateral, apical fi- 
bronodular pattern with cavitation developed. Hilar and peri- 
hilar calcific densities were felt to be secondary to old granulo- 
matous disease, possibly histoplasmosis. From 1976 to 1978 a 
generalized interstitial fibrosis developed during healing with 
scarring of the cavitary areas. These changes were consistent with 
chronic blastomycosis or tuberculosis, or a combined infection, 
which has been reported. 


Fungal serologies for histoplasmosis, blastomycosis, and coc- 
cidiomycosis were negative. Urine and prostatic cultures for fungi 
were negative. 


In January 1979 the patient was treated with amphotericin B to 
a total dose of 1,800 mg over four months. By July 1979 indirect 
laryngoscopy revealed marked improvement of the larynx and, 
although there was an adequate airway, there were no obvious le- 
sions but the larynx appeared fibrotic. The vocal cords had nearly 
normal mobility. 


PATHOLOGY 


In the first case the tissues from the epiglottis and 
hypopharynx showed changes typical of infection 
with Blastomyces (Fig. 2A). There was a hyper- 
plastie squamous epithelium which extended in ir- 
regular bands through a stroma dominated by 
chronic inflammatory cells. Collections of acute in- 
flammatory cells formed intraepithelial microab- 
scesses and giant cells were present within these 
microabscesses (Fig. 2B). Organisms with the mor- 
phologic features of B dermatitidis were noted fre- 
quently. With hematoxylin and eosin (H & E) these 
organisms appeared as lightly stained, thick-walled 
structures and were usually within the cytoplasm of 
giant eells. With periodic acid-Schiff (PAS) or silver 
methenamine (Gomori) stains, the characteristic 
10-15 um thick-walled (“double contoured”) organ- 
isms with broad-based budding were easily demon- 
strated (Figs. 3 and 4). 


In the second case the diagnosis was more dif- 
ficult. The final biopsy revealed pseudoepithelio- 
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Fig. 2. Pseudoepitheliomatous hyperplasia surrounded by chronic inflammatory cells. A) a - hyperplastic epithelium; 


b - microabscess; c - chronic inflammatory changes. B) a - microabscess; b - giant cell. 


matous hyperplasia, inflammatory infiltrates, and 
giant cells. The findings were very similar to those 
in the first case. A search for fungal organisms 
revealed not only 10-15 „m thick-walled budding 
fungi characteristic of Blastomyces but also numer- 
ous 2-3 um forms which resembled histoplasmosis 
(Fig. 5). The previous laryngeal biopsies were 
reviewed and revealed at least one organism on 
each biopsy. However, microabscesses and giant 
cells were not apparent and the inflammatory in- 
filtrate was not as marked as in Figure 2A 


The organisms found on all biopsies except the 
final one were of the large, thick-walled type and 
no small, histoplasma-like organisms were seen. 
The fungi were often found in the midst of necrotic 





Fig. 3. PAS stain demonstrating 10-15um thick-walled 


blastomyces organisms with broad-based budding. 


debris without surrounding giant cells or inflam- 
matory infiltrates. 


DISCUSSION 


In the first case the frozen and permanent sec- 
tions were initially interpreted as squamous cell car- 
cinoma because of the marked pseudoepithelioma- 
tous hyperplasia with atypia. The patient was 
treated with a supraglottic laryngectomy because 
the clinical findings also were compatible with 
cancer. It was a year later, after continued prob- 
lems resulted in a review of the previous tissue by an 
astute pathologist, that the Blastomyces organisms 
were neted. Special stains using PAS demonstrated 
the organisms easily. This patient had normal chest 





Fig. 4. Silver methenamine stain demonstrating blasto- 
myces organisms. 
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Fig. 5. Two forms of blastomyces organisms (H & E 


stain): the 10-15 wm thick-walled fungi oats arrows) and 


the 2-3 um histoplasmosis-like forms (black arrows). 

x-rays, but in all probability he initially had a 
pulmonary infection with seeding of the skin of his 
thigh and of his larynx and spontaneous resolution 
of the pulmonary infection. We cannot rule out pri- 
mary laryngeal involvement. Primary skin involve- 
ment is rare and has been described only in persons 
who were accidentally inoculated. 


In the second case, the problems and diagnosis 
were more complex. Because of the progressive lar- 
yngeal disease and the diagnosis of atypia, it was 


felt that this patient probably had a verrucous type 
carcinoma. Rather than do a total laryngectomy 
without a firm diagnosis, the treating physician 
elected to administer full course radiation to the 
larynx. The final diagnosis did not become evident 
until over four years later when his eighth laryngeal 
biopsy revealed obvious fungal organisms. This pa- 
tient had definite pulmonary disease throughout all 
of his laryngeal problems which was most likely 
secondary to blastomycosis. In this case the lungs 
were thought to be the primary site of infection, 
with secondary involvement of the larynx. 


Both cases had findings in almost all of the biop- 
sies which were typical of infection with Blas- 
tomyces and should have made the pathologist sus- 
pect this diagnosis. These suspicious findings were 
pseudoepitheliomatous hyperplasia, chronic in- 
flammatory changes, microabscesses, and giant 
cells. When these findings are present with no ob- 
vious carcinoma noted, the use of PAS or silver 
methenamine stains will demonstrate the broad- 
based budding spores of Blastomyces organisms, if 
present. 


The treatment of laryngeal blastomycosis is ad- 
ministration of amphotericin B.** This drug usually 
causes nausea, vomiting, chills, and frequently 
reversible renal insufficiency. Treatment involves 
intermittent administration of amphotericin B in- 
travenously over several months. Prior to the advent 
of effective antifungal drugs, disseminated blasto- 
mycosis was usually a fatal disease.‘ 


SUMMARY 


Two patients were presented with blastomycosis 
of the larynx which had been misdiagnosed as 
squamous Cell carcinoma. The serious clinical con- 
sequences of an erroneous diagnosis of squamous 
cell carcinoma are easily appreciated. Blastomy- 
cosis is a progressive and often lethal disease if un- 
treated. One should always consider blastomycosis 
in patients who continue to have laryngeal prob- 
lems and the histologic picture reveals pseudoepi- 
theliomatous hyperplasia, chronic inflammatory 
changes with intraepithelial microabscesses and 
giant cells. 
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Chondrosarcoma of the larynx is a rare malignant tumor sometimes encountered by otolaryngologists. Since they are usually of low 
grade malignancy, total laryngectomy is indicated only in cases of high grade malignancy or where total excision by conservative (partial) 
laryngectomy is not feasible. This paper reviews chondrosarcoma of the larynx, discusses a patient who developed this tumor, and describes 
a method of conservative surgical excision and laryngotracheal reconstruction when the tumor involves the cricoid, the most common site 


of occurrence in the larynx. 


Chondrosarcoma of the larynx is a rare form of 
sarcoma sometimes encountered by otolaryngolo- 
gists. Since it is usually of low grade maligmancy, 
the methods of treatment applied to most sarcomas, 
ie, chemotherapy, irradiation, and radical surgery, 
do not apply. Total laryngectomy may be required 
for high grade malignant tumors, recurrent lesions, 
or in those cases where total excision by conserva- 
tive laryngeal surgery is not feasible. Nearly all 
laryngeal chondrosarcomas can be managed success- 
fully by excision through laryngofissure, thy- 
rotomy, or partial laryngectomy. This paper re- 
views laryngeal chondrosarcoma, discusses a pa- 
tient who developed this tumor, and describes a 
method of conservative surgical excision and 
laryngotracheal reconstruction when the tumor in- 
volves the cricoid, the most common site of occur- 
rence in the larynx. 


INCIDENCE 


Approximately 58 laryngeal chondrosarcomas have 
been reported in the past 80 years,'-!* and it was not 
until 1935 that New’ referred to the malignant 
tumor of laryngeal cartilage as chondrosarcoma. In 
most published series chondrosarcomas are grouped 
with other cartilaginous tumors of the larynx. mak- 
ing the exact incidence difficult to determine, and 
several cases have been reported more than once. 
Of the 58 definite cases reviewed, the average age 
was 58 years (range 33-91) with 43 males and 15 
females developing the tumor. 


CLINICAL FEATURES 


The most common presenting symptom was hoarse- 
ness in 40 cases, dyspnea in 14, dysphagia in 2, and 
an anterior neck mass in 2 cases. Many patients had 
both hoarseness and dyspnea and several had dys- 
phagia as well. These symptoms had been present 


from one month to eight years with nearly all being 
present more than six months. Since most of these 
tumors grow slowly intraluminally, the signs and 
symptoms are easily understood and relate to the 
size and location of the tumor within the larynx. 


LOCATION 


Seventy-eight percent (45 of 58) of these tumors 
arose from the cricoid, usually the posterior or 
posterolateral areas. Nine (15%) arose from the 
thyroid cartilage, three from the arytenoids and one 
was reperted as arising in the vocal cord. No cases 
of epiglottic chondrosarcoma were reported. 


If the tumor grows externally it is usually firmly 
attachec to the thyroid cartilage. More commonly 
the external appearance of the patient is unre- 
markabk. Indirect laryngoscopy may show partial 
or complete vocal cord paralysis due to pressure and 
size of the lesion. Most often only a subglottic mass 
covered with mucosa is seen. At this point the dif- 
ferential diagnosis is between benign lesions such as 
amyloidosis, laryngeal cyst, laryngoceles, neurilem- 
moma, and fibroma, or malignant lesions such as 
carcinoma or the various sarcomas. 


RADIOLOGIC APPEARANCE 


The tumor can be shown by soft tissue x-ray tech- 
niques, xeroradiography, tomography, and laryn- 
gogram. These are not diagnostic and usually serve 
only to eonfirm and document the clinical impres- 
sion of a mass in the subglottic area. Occasionally 
x-rays may show calcification. 


DIAGNOSIS 


Direct laryngoscopy with biopsy is the usual 
method of diagnosis. Occasionally biopsy of the 
firm, cartilaginous tumor mass is very difficult. 
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Fig. 1. Phetomicrograph of chondrosarcoma. Note 
binucleated cel s. (x400) 


Usually, however, a biopsy specimen can be ob- 
tained for histelcgical evaluation. 


MICROSCOPIC PATHOLOGY 


Lichtenstein and Jaffe'’ listed the histological 
criteria: 1) irregularity in the size of the cells and 
their nuclei; 2) increased numbers of cells: 
3) hyperchromatic nuclei; 4) giant cartilage cells 
with single or multiple nuclei and/or clumps of 
chromatin (binucleated cells) (Fig. 1). 


Laryngeal chondrosarcomas tend to be diagnosed 
as benign chondromata and the correct diagnosis is 
sometimes not made until they recur. It is fortuitous 
that both lesiens are treated the same initially. 
These tumors can be graded by Broder’s classifica- 
tion depending on cellularity, mitoses, and nuclear 
size. In chondrosarcomas located throughout the 
body, there is a correlation between classification 
and metastatic activity. For example, of two 
series'®''? totaling 351 cases from all sites in the 
body, 50% were grade I, 39% grade II, 11% grade 
III, and none grade IV. Metastases did not occur in 
any grade I les:ons; they occurred in 10% of grade 
II and 71% of grade III lesions. Five-year survival 
was likewise correlated (Table 1). It is reasonable to 
assume these correlations exist for the larynx also. 


Most laryng2al chondrosarcomas are low grade 
malignancies and rarely metastasize. However, 3 of 
the 58 patients reviewed did develop metastases; 1 
patient'* develcped cervical lymph node and 
pulmonary metastases two years following total 
laryngectomy necessitated by recurrence of the 
primary tumcr five months after excision via 
laryngofissure. He also had a tumor embolus in the 
renal artery waich led to a kidney infarct. Another 





TABLE 1, SURVIVAL 
Grade 5 yr (% 10 yr (% 


I 90 83 
II 81 64 
II 43 29 


patient'® also developed pulmonary metastases 11 
months following total laryngectomy necessitated 
by recurrence of the primary tumor seven months 
after resection via laryngofissure. The third case? 
was a 71-year-old female who developed a local re- 
currence 23 years after a local resection. She was 
treated with a tracheotomy and irradiation but suc- 
cumbed seven years later (30 years after the pri- 
mary diagnosis) of laryngeal airway problems. The 
histological grading of these tumors could not be 
obtained. 


MANAGEMENT 


Airway problems must be managed first, and a 
tracheostomy may be required prior to performing 
a direct laryngoscopy and biopsy to make the diag- 
nosis. After the diagnosis is established, it must be 
determined if the tumor is of high or low grade 
malignancy. Most pathologists can make this deter- 
mination, given sufficient tissue. If a particular 
pathologist cannot, the tissue can be sent for review 
and confirmatory diagnosis at any number of major 
medical centers. The patient is not harmed by this 
delay; in fact, he will be much better served. If the 
tumor is of high grade malignancy, total laryngec- 
tomy may be indicated. The number of cases is so 
small as to make this recommendation debatable. 
We recommend total laryngectomy for high grade 
chondrosarcoma. 


Fortunately, most (95%) are of low grade malig- 
nancy. Laryngofissure and/or thyrotomy with com- 
plete excision of the lesion and its base (partial 
laryngectomy) is required. Seventy-eight percent 
occur in the cricoid (usually posterior or postero- 
lateral), and many surgeons are reluctant to resect 
adequate amounts of the cricoid, the keystone of the 
larynx. This fact may account for the high inci- 
dence of recurrence following laryngofissure (gen- 
erally 60%; 100% in one series of six patients). In 
spite of this high recurrence rate, most surgeons still 
prefer laryngofissure and excision since the recur- 
rences, which sometimes occur years later, are lo- 
cal, usually slow growing, and can be managed by 
further conservative surgery. 


Some patients in this series had tumors so exten- 
sive that total laryngectomy was required to ensure 
complete removal. 


In this series of 58 patients, 42 had laryngo- 
fissure/thyrotomies and/or partial laryngectomies, 
10 had total laryngectomies initially (and at least 4 
more had total laryngectomies after recurrence), 1 
had endoscopic removal of a small tumor, 2 had 
tumors excised from the external surface of the 
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Fig. 2. A) Line R of larynx showing tumor leca- 
tion and proposed lines of resection. B) Drawing of pro- 
posed resection on exposed larynx. 


thyroid cartilage, and 3 had only palliative treat- 
ment (two tracheostomies and one gastrostomy). 
Several patients®*®’ had irradiation with no ap- 
parent beneficial effect. 


CASE REPORT 


A 47-year-old white female was referred to the University of 
Virginia Medical Center on July 19, 1979, for evaluation of a re- 
current anterior neck mass and increasing dyspnea. She had had a 
partial thyroidectomy for goiter 15 years earlier and had done 
well until two years prior to admission when she noticed the onset 
of stridor, exertional dyspnea, and a slowly enlarging neek mass. 
Examination by the local otolaryngologist confirmed a bilaterally 
enlarged thyroid and a subglottic mass. She was also an insulin- 
dependent diabetic. 


Physical examination was unremarkable except for stridor, 
dyspnea, a markedly enlarged, firm thyroid and a mass attached 
to the right posterolateral subglottic area. Both vocal cords moved 
well. 


Admission laboratory studies included a hemogram, urinalysis, 
chest x-ray, thyroid function studies, and SMA-12; results were all 





Fig. 3. Drawing of specimen and laryngeal defect. 





Fig. 4. A) Drawing and B) photograph of epiglottis be- 
ing retracted after dissection. 


within normal limits. A xerogram of the neck confirmed the mass 
in the subglottic region. 


On July 20, 1979, the patient underwent a tracheostomy under 
local anesthesia, and, under general anesthesia, a direct laryngos- 
copy and excisional biopsy of the subglottic mass and a total 
thyroidectomy. The mass was pedunculated, firm, and gritty but 
did not appear cartilaginous grossly. It was attached to the right 
posterolateral cricoid and first tracheal ring (Fig. 2A). At this 
point, we telt we were dealing with a thyroid lesion which had ex- 
tended into the laryngotrachea. 


The thyroid was then approached and upon exposing it, there 
appeared two large, purplish-tan lobes of tissue measuring 3 x 2 x 
2 cm on the left and 5 x 3 x 2.5 cm on the right. There was little or 
no resembsance to a normal thyroid and the tissue appeared to be 
growing imto the right cricothyroid membrane in the area where 
the endolaryngotracheal mass previously had been removed. 


Histological diagnosis of the subglottic mass was grade I chon- 
drosarcoma, and nodular goiter with Hashimoto’s thyroiditis of 
both thyraid lobes. 


Postoperatively the patient did well, was discharged on July 24, 
1979, on thyroid replacement therapy, and was scheduled for 
readmission on August 9, 1979, to undergo definitive laryngeal 
surgery. 


On August 10, 1979, general anesthesia was administered via 
an endotracheal tube through the tracheostoma and an apron flap 
was elevated. Upon elevating the flap a 2 cm nodule in the 
thyrohyoic area was noted. It was similar clinically to the 
previous thyroid tissue, and frozen section diagnosis confirmed 
Hashimoto's thyroiditis in this thyroid remnant in the area where 
one usually finds a thyroglossal duct cyst. 


A laryngofissure was performed, carried through the cricoid 
and first tracheal cartilage. The incisions were carried horizontal- 
ly between the first and second tracheal rings and just above the 
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Fig. 5. A) [ rawing and B) photograph of epiglottic flap 
trimmed and sewn in position. 


right true vecal cerd (Fig. 2B). The incision was then made ver- 
tically in the inte-arytenoid area and carried down through the 
first trachea. carti age, veering slightly to the left of midline in the 
area of the tumo-. Frozen section confirmed the margins were 
free of tumcr. 


A rather large cefect consisting of most of the right thyroid car- 
tilage, the right half of the cricoid. and the right half of the first 
tracheal cartilage -hen existed (Fig. 3). To close this. the epiglottis 
was detached fron irs left lateral attachments and its base. but its 
right lateral attaciments, including the right aryepiglottic fold, 
were preserved (Fig. 4A,B). The fold was rotated 180° inferiorly 
and the mucosa o° the lingual epiglottic surface incised in a “T” 
fashion and elevated The tip of the cartilage was squared and the 
mucosa sutured to the remaining laryngotracheal mucosa with 
submucosal sutures (Fig. 5A,B). A laryngeal stent was placed 
prior to closure, tre cartilage was reinforced by suturing, and a 
portion of the right sternomastoid muscle was turned over the 
suture lines and sewn in place (Fig. 6A.B). The apron flap was 
closed. 


The patient did well postoperatively until the fourth day when 
she coughed vigorously and expelled the stent. This did not delay 
convalescence anc by the seventh postoperative day, her naso- 
gastric tube was semoved and she was started on oral feedings 
without aspiration. She was discharged on the eighth postopera- 
tive day with a tracheostomy tube in place. 


The patient wes seen 12 days after discharge and the tra- 
cheostomy tube was replaced with an Olympic® button. She 
could talk with the b itton occluded but could not breathe. When 
seen two months later, she was wheezing, and the Olympic but- 
ton was replaced wita a number six tracheostomy tube. Xerogra- 
phy of the larynx saowed distortion of the subglottic area, and she 
was readmitted for a direct laryngoscopy. 

Upon inspecting the larynx directly, a flap of tissue protruding 
from the right portion of the larynx was noted to be occluding the 
airway. This was removed by microdissection. After removing 
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Fig. 6. A) Drawing and B) photograph of portion of ster- 
nocleidomastoid muscle sewn in place over epiglottic flap. 


this flap, the larynx appeared relatively normal except for the por- 
tions of the epiglottis, which was well healed. There was no 
evidence of tumor. 


Following discharge, the patient was seen in one month and 
again in three months. Her voice is satisfactory and she has 
returned to normal activity. She can perform tasks which she has 
been unable to do for more than a year. Although she has a partial 
airway, it is not sufficient to allow decannulation. Inspection of 
the larynx shows insufficient abduction of the left cord on inspira- 
tion, but good adduction on phonation with the left cord abutting 
the epiglottic flap, producing the voice. A laryngoplasty to allow 
decannulation and tracheostomy closure is planned in June. 

Comment. This patient illustrates most of the 
features of laryngeal chondrosarcoma. The lesion 
arose from the cricoid; it was slowly progressive for 
approximately two years, with dyspnea being the 
main symptom. 

The tumor was classified as low grade malignan- 
cy and resection via a laryngofissure approach end- 
ing with a partial laryngectomy is likely to be 
curative. Reconstruction with a composite epiglot- 
tic flap offers some hope for a relatively normal, 
functioning larynx, but with removal of more than 
50% of the cricoid, the prospect of both normal 
respiration and normal speech is minimal. 
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AFIP TRAINING PROGRAM IN HEAD AND NECK PATHOLOGY 


A three-month fellowship is available to residents in training in otolaryngology as well as postgraduate fellows. This fellowship is 
designed te provide a broad-based understanding of pathology of the head and neck in one of the institutions with the most expertise and 
experience in this country. The curriculum consists of daily lecture periods discussing the pathology of the head and neck area, examination 
and discussions of interesting consultation cases, self study material and encouragement to undertake a publishable research project. 


Facilities for temporal bone dissection are available. 


Interested candidates may contact Vincent J. Hyams, MD, Chief, Otolaryngic Pathology, Armed Forces Institute of Pathology, 


Washington, DC 20306. 
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AIRWAY OBSTRUCTION IN A HEMOPHILIAC CHILD 
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The hemophiliac patient is in constant danger of death from hemorrhage. The danger of bleeding into the submucosal areas of the up- 


per aerodigestive tract, however, does not primarily lie in the 


blood loss but rather is due to compression and edema of the upper airway. 


The treatment of choice, in addition to the direct treatment for the specific clotting factor deficiency, is elective nasotracheal intubation, 
since in most cases this interstitial bleeding, resulting in airway compromise, recedes in four to five days. 


The hemophiliac patient is in constant danger of 
death from hemorrhage. The hemorrhage, which 
bleeds into the submucosal areas of the floor of the 
mouth, pharynx and larynx, does not endanger life 
primarily because of blood loss, but rather due to 
compression and edema of the larynx and upper 
trachea, resulting in asphyxia. 


A case is presented with review of the literature 
to illustrate the complexity of the problem and the 
proper multidisciplinary approach needed for suc- 
cessful management of such cases. 


CASE REPORT 


A five-year-old blacx male with severe hemophilia A presented 
to the emergency room with a two-day history of increasing sub- 
mandibular swelling without antecedent trauma. Dysphagia, 
dysarthria and slight hoarseness were noted by the mother. 
Physical examination -evealed an apprehensive youngster in no 
respiratory distress, with normal vital signs and no fever. The 
floor of the mouth was tense, ecchymotic and swollen, and a soft 
mass involving both submandibular and submental triangle was 
seen. Hemoglobin was 10.1 gm % with hematocrit of 29.5% and 
the prothrombin time was 87.9 seconds (normal = 26-34 
seconds). This patient had less than 1% of the normal levels of 
factor VIII and also rad antifactor VIII antibodies (last titer 
1:16). Lateral neck film showed a markedly swollen epiglottis 
(Fig. 1). He was started on cryoprecipitated factors II, VII, IX 
and X (Proplex®, Hyland Co.) 50 mg/kg every six hours, but the 
swelling of his neck and floor of the mouth increased with in- 
volvement of the base cn the tongue, causing some respiratory dif- 
ficulty. Because of progression of his symptoms, elective naso- 
tracheal intubation was carried out with inhalation induction and 
anesthesia (N:O, O,, halothane). The base of the tongue 
valleculae and epiglottis were very ecchymotic and edematous, 
and the interior of the larynx could not be visualized, so that the 
intubation was performed with the otolaryngologist guiding the 
tube and the anesthesiologist listening for breath sounds. 


The patient did well postoperatively although his neck swelling 
increased considerably for one day, in spite of large doses of 
cryoprecipitated factors I, VII, IX, and X and epsilon amino- 
caproic acid* (to minimize the risk of fibrinolysis). By the fifth 
day, the swelling decr2ased considerably and he was extubated 


*Amicar®, Lederle Laboratories, Wayne, NJ. 


under general anesthesia. The oral cavity, hypopharynx and 
larynx, except for the vocal cords, showed only minimal ec- 
chymosis. 


DISCUSSION 


Spontaneous submucosal bleeding in the floor of 
the mouth, pharynx and larynx is uncommon in he- 
mophilia. Lewis,’ reporting on the cause of death of 
28 hemophilia patients in a series of 310 patients, 
described only one such case. The outcome of sub- 
mucosal bleeding in the upper aerodigestive system 
is unfavorable, as shown by the 12 cases that have 
been reported in the English literature. One patient 
died from the rapid development of submucosal 
pharyngolaryngeal bleeding, which blocked the air- 
way before help could be given.? Five’? patients 
had whole blood transfusion, four of whom sur- 





Fig. 1. Lateral neck film showing markedly swollen 
epiglottis (arrow). 
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vived and one! died of overtransfusion. Five pa- 
tients had tracheostomy** to relieve the airway 
obstruction but four died, and two patients®* sur- 
vived following oral and nasotracheal intubation. 


In most cases, the symptoms and signs of impend- 
ing airway obstruction in the hemophiliac develop 
slowly over hours and occasionally, even das. Such 
patients. complaining of dysphagia, dysarthria or 
sore throat with or without fever, should be ad- 
mitted to the hospital. Lateral neck films are very 
helpful, especially in those cases where, beeause of 
the swelling of the floor of the mouth and tongue, 
the hypopharynx and larynx cannot be properly as- 
sessed. The patient should be given the benefit of 
the direct treatment for the specific clotting factor 
deficiency. If swelling increases either in the soft 


tissues of the neck or in the mouth, it is better to 
provide an alternate airway when this can be ac- 
complished as an elective procedure, rather than 
wait until the child is in severe respiratory distress. 
This should be done with inhalation induction and 
anesthesia without use of muscle relaxants. Intuba- 
tion in such cases is always difficult and usually ac- 
complished without direct visualization. 





Since the interstitial submucosal and subcutane- 
ous bleeding in the hemophiliac resolves in two to 
five days, we feel that nasotracheal intubation is 
preferable to tracheotomy because the incision and 
dissection will result in a wound which may bleed 
and granulate, thus increasing the need for pro- 
longed hospitalization and replacement of coagula- 
tion factors. 


REFERENCES 


I, Lewis JH. Causes of death in hemophilia. JAMIA 1970; 
214:1707. 

2, Davidson CS, Epstein RD, Miller GF, Taylor FHI. Hemo- 
philia; clinical study of 40 patients. Blood 1949; 4:97-119. 

3. Baird KH, Meyer SF. Severe sublingual and paratracheal 


hemorrhage in hemophilia with recovery following tracheotomy. 
J] Pediatr 1943, 23:90-7. 


4, Edwards AR. Death from respiratory obstruction in hemo- 
philia. Med J Aust 1951; 1:227-8. 


5. Boyd WHF. Respiratory obstruction in hemophilia recov- 
ery after intubation. Lancet 1950; 1:302. 


6, McDonald AC, Robson JG, Wapshaw H. Hemophilia with 
respiratery obstruction. Br Med J 1953: 1:1144-6. 


* 


Ann Otol 80:1980 


CANDIDA LARYNGITIS INCHRONIC MUCOCUTANEOUS CANDIDIASIS 
ITS ASSOCIATION WITH CANDIDA ESOPHAGITIS 


JAMES P. DUDLEY, MD 
WILLIAM J. BYRNE, MD 


ROGER KOBAYASHI, MD 
MARVIN E. AMENT., MD 


HOWARD M. ROSENBLATT, MD 
E. RICHARD STIEHM, MD 


Los ANGELES, CALIFORNIA 


Four patients with chronic mucocutaneous candidiasis (CMC) underwent esophagoscopy and microlaryngoscopy. Cultures were ob- 
tained by biapsy of the larynx and the esophagus. Three of the four patients with laryngeal disease proven by laryngoscopy and culture also 


had extensive esophag2al disease. One patient with a normal lary 


La 


pears to be a good correlation between the presence of laryngeal 


Chronic mucocutaneous candidiasis (CMC), a 
defect in cell-mediated immunity, is characterized 
by infection of the mucous membranes, skin, hair, 
and nails.' Although these infections may heal 
without a trace, scarring can be the end result. 
When extensive infection involves an organ such as 
the esophagus, the resulting stenosis presents a dif- 
ficult management problem. Since early treatment 
prevents extensive esophageal disease and probably 
limits scarring in the esophagus, early diagnosis of 
esophageal involvement and prompt treatment is 
important. Unfortunately the symptoms of disease, 
such as dysphagia, are not necessarily accurate 
guides in determining the extent of disease. Because 
of this, esophagoscopy has been frequently used in 
the evaluation of CMC patients, even those without 
esophageal symptoms. Although the same rules of 
early diagnosis and prompt treatment no doubt ap- 
ply when the disezse involves the larynx, laryngeal 
examination is apparently infrequently done. In 
fact, most of the reports of laryngeal CMC have not 
included a descrip-ion of the larynx.?* Despite the 
scarring anc hoarseness which may occur with lar- 
yngeal involvement, the more life-threathening se- 
quela is that which produces esophageal stenosis. 
Monitoring the disease as it affects the esophagus 
would be easier if there were a correlation between 
esophageal and laryngeal infection. Although esoph- 
agoscopy is the definitive procedure to determine 
the extent of Candida involvement, the study of Ko- 
bayashi et aP provided an opportunity to compare 
laryngeal and esophageal disease in the same pa- 
tient and to see if the more easily examined larynx 
can act in any way as a mirror to the esophagus. 


METHODS 


Four patients with the diagnosis of CMC ranged in age from 1] 
to 17. Although dysphagia was present in three of the four pa- 
tients, hoarseness was no: a constant symptom in all four patients. 
Direct microlaryngoscopy was done at the time of a fiberoptic 


nx by examination and culture also had a normal esophagus. There ap- 
and esophageal disease. 


esophagoscopy. Fungus cultures were obtained by biopsy of the 
vocal cords and biopsy of the esophageal wall. 


RESULTS 


Three patients with symptoms of dysphagia had 
visual evidence of esophagitis and laryngitis, while 
one patient who had no dysphagia had a normal 
larynx and esophagus. Candida albicans was ob- 


patient with no evidence of disease the organisms 
failed to grow from the biopsies of the vocal cord 
and esophagus. 


One patient underwent a combined esophago- 
scopy and microlaryngoscopy following treatment 
with amphotericin B. There was no evidence of 
laryngitis in this patient and C albicans failed to 
grow from the laryngeal biopsy. There was minimal 
esophageal involvement with C albicans. 


DISCUSSION 


In this small group of patients, there appears to 
be a good correlation between infections of the lar- 
ynx and the esophagus. Three patients with esopha- 
geal disease had visual evidence of laryngitis and 
biopsy proven Candida infection. One patient with 
no evidence of esophageal disease had a normal 
larynx. The larynx of a patient who was treated 
with amphotericin was not infected with Candida, 
and its appearance was normal. Although there was 
some esophageal disease in this patient, the extent 
of involvement was minimal. Although esophago- 
scopy is the procedure of choice to determine how 


junct in the management of these patients. 
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LURIE LIBRARY FUND 


Many inquiries have been made about a memorial fund to which friends and calleagues of Dr. Moses Hyman Lurie could contribute. 
Shortly before his death Dr. Lurie established a modest fund for the purchase of books in Otolaryngology for the Library at the 
Massachusetts Eye and Ear Infirmary. The Library Committee of the Infirmary has-verified that donations can be made in memory of Dr. 
Lurie to this fund, Contributions may be sent to the “Lurie Library Fund,” in care of Mr. Charles Snyder, Librarian, Massachusetts Eye 
and Ear Infirmary, 243 Charles St., Boston, MA 02114. 
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REPAIR OF SUPRAGLOTTIC LARYNGEAL STENOSIS WITH 
POSTCRICOID INVOLVEMENT 


A CASE REPORT 


PATRICK J. DOYLE, MD 


VANCOUVER, BRITISH COLUMBIA. CANADA 


A supraglot®.c stenosis with postcricoid stenosis was successfully corrected in a single stage procedure by excising the scar tissue and the 


arytenoid cartilaze and the use of mucosal flaps to recover the right side 


of the larynx and postcricoid area. By obtaining good mucosal ap- 


proximation witl oct tension the need for a free skin graft or mucosal graft was avoided. 


Some patents suffering from posttraumatic 
laryngeal steaosis present with an associated post- 
cricoid stenoss. 


A 23-vear-cld male was involved in a motor vehi- 
cle accident ia September 1978. He suffered a frac- 
tured mandible and a laryngeal fracture. An im- 
mediate tract eotomy was performed and the man- 
dibular fractare repaired by open reduction and 
wiring. The nandible healed uneventfully but he 
could not be 2xtubated and was therefore referred 
to an otolaryr gologist two months after the original 
injury. 


He then presented with almost total obstruction 
of his laryngeal airway, a very weak breathy voice, 
inability to sv allow solids and aspiration of liquids, 
A direct laryngoscopy was described as showing 
“extensive syrechiae at the glottis and a subglottic 
granuloma. The granuloma was removed.” There 
was no chang in his condition during the ensuing 


months and he was referred for further evaluation 
and treatment in April 1979. 


Indirect laryngoscopy revealed severe distortion 
of the supraglottic larynx with displacement of the 
epiglottis to the left (Fig. 1A). A supraglottic 
stenosis prevented visualization of the vocal cords. 
Tomography showed severe distortion of the right 
side of the larynx. Direct laryngoscopy was per- 
formed and the subglottic larynx was examined 
through the tracheotomy. There was no subglottic 
stenosis or granuloma present. Scar tissue replaced 
the right side of the larynx extending to the postcri- 
coid area and causing marked narrowing at the en- 
trance to the esophagus. The right arytenoid was 
dislocated anteriorly and imbedded in scar tissue. 


This patient, therefore, had lost all or part of the 
three major functions of the larynx, ie, airway, res- 
piratory tract protection, and voice production. He 
had a supraglottic stenosis with dislocation of the 





Fig. 1_A) Indirect laryngoscopy, opon: Note severe distortion of the supraglottic larynx, with displacement of 


the POs, dislocation of the arytenoi 
months possoperatively. 


and stenosis extending to the postcricoid area. B) Indirect laryngoscopy, five 
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MUCOSA FLAPS RAISED 





Fig. 2. Diagrammatic representation of the operative procedure. Mucosal flaps were elevated, scar tissue and arytenoid 
excised, and Z-plasty performed using the mucosa of the medial wall of the larynx and the pyriform sinus. 


right arytenoid and narrowing of the esophagus due 
to scar tissue in the postcricoid area. It was decided 
to attempt a one-stage repair realizing that there 
was a possibility that a second stage would be neces- 
sary and further that the correction of one function, 
such as his airway, might increase his problem with 
aspiration. 

A thyrotomy was performed which confirmed the 
findings on direct laryngoscopy. An incision was 
then made along the line of scar tissue and mucosal 
flaps raised superiorly and inferiorly so that we 
could use the tissue of the pyriform sinus and the 
mucosa of the wall of the intrinsic larynx to perform 
a Z-plasty (Fig. 2). The scar tissue was completely 
excised and the right arytenoid removed. The mu- 
cosal flaps were then rotated and the Z-plasty com- 
pleted without any mucosal tension or remaining 


raw areas. It was not necessary, therefore, to use 
either a free mucosal graft or a free skin graft. A 
nasogastric feeding tube was inserted and the larynx 
closed over a soft stent. The postoperative course 
was uneventful. The stent was removed in five days 
and the larynx healed without the formation of 
stenosis or granuloma. Indirect laryngoscopy re- 
vealed an adequate glottic airway with good move- 
ment of the left cord and a minimal glottic defect on 
phonation. The nasogastric feeding tube was re- 
moved ten days after the surgery and the patient al- 
lowed to take a normal diet which he did without 
difficulty. He was extubated five weeks postopera- 
tively. The patient now has no airway problem and 
no prablem with dysphagia or aspiration (Fig. 1B). 
His vaice is somewhat hoarse but he has good vol- 
ume and no social problem. 
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RETROSPECTIVE COMPARISON OF CONSERVATIVE AND RADICAL 
NECK DISSECTION IN LARYNGEAL CANCER 
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A retrospectivecomparison of radical and conservative technique for neck dissection in cancer of the larynx was made, starting from 
analysis of 96 patients operated on with the conservative procedure (128 cervical neck fields at risk of recurrence) at the Istituto Nazionale 
Tumori of Milan. Furthermore, a series of 162 patients was selected from more than 500 radical neck dissections performed in the past to 
set up a series as comparable as possible as far as several parameters were concerned. No significant difference was found between radical 
and conservative neck dissection with regard to the incidence of recurrences in the operative field, either considering the whole series 
(2.5% versus 1.6%), or cases with histologically proven metastases (9.4% versus 4.5%). Conservative neck dissection seems as safe as 
radical neck dissection. at least within the limits set in the present study for the indication of the former procedure, ie, nonsuspect nodes or 
metastatic mobile nodes not greater than 2.5 cm. 


A conservative technique for radical neck dissec- No prospective clinical trial has yet been carried 
tion (RND) was proposed by Suarez’ in 1963 for out. To evaluate whether or not such a trial was 
cancer of the larynx, but only in 1967 was it ra- necessary, we decided to analyze a rather large 
tionally systematized by Bocca and Pignataro? from series of cases operated on with CND and to com- 
the technical point of view. During the last ten pare it retrospectively with a series operated on 
years this procedure has been more frequently ap- with RND, as analogous as possible as far as several 
plied, and its short and long-term results have been parameters are concerned. 
the subject of some reports, mainly in Europe.*”’ 

Almost all of the authors, considering both survival METHODS 


and neck recurrence rates, concluded quite empir- 


i ; A : a The study started with the analysis of a series of 300 secuti 
ically that conservative neck dissection (CND) is in- Saye tala saa ini aie si 


CNDs performed at the Istituto Nazionale Tumori of Milan dur- 


dicated for nonpalpable or palpable mobile nodes ing the past eight years for cancer involving mainly the larynx and 
not larger than 3 cm. hypopharynx, but also the oral cavity, the thyroid, the oro- 
pharynx, and other sites. In all these cases, the indications for the 

Nevertheless, many surgeons are perplexed about conservative procedure were almost invariably the following: no 
the possibility of replacing the classical RND with palpable nodes in the neck (NO — prophylactic dissection; 
the conservative procedure. A retrospective com- palpable but nonsuspect nodes (Nla-2a); palpable nodes suspect 


to contain neoplastic growth, provided they were mobile and not 
larger than 2.5 cm. When the size of the nodes was 2.5 cm or 
more or their mobility was reduced, a radical or modified dissec- 


parison between these two modalities has been at- 
tempted by André et alf and Lingeman et al,’ but 


for many reasons the conclusions drawn in both tion was performed; the latter cases are not included in the pres- 
papers are improper. In the report of Andre et al, ent study. 

the surgical procedure used was not the typical The CND was always performed en bloc with the primary 
CND but rather a simple removal of the lymphatic tumor when it was located in the larynx or hypopharynx; in the 
jugular chain, the so-called anterior triangle dissec- case of oral or oropharyngeal cancer, the dissection was done 


either as a concomitant or a delayed procedure. The patients 


. Fe . . . . 7 . 
tion; in addition, all cases received systematic treated for cancer other than laryngeal are numerous and have 


postoperative radiotherapy. In the series of Linge- several localizations with different biological behavior so that 
man et al, patients were treated with either the their analyses are more difficult; in addition, the lengths of 
typical conservative procedure or the anterior follow-up are shorter and the number of cases evaluable for sur- 


vival or recurrence is too small. The present study therefore deals 
only with cancer of the larynx, since it is the tumor with the best 
local prognosis and allows the best conditions for judging the con- 


triangle dissection; moreover, the series included 
different localizations of the cancer (larynx, mouth, 


oropharynx, hypcpharynx), and also in this series trol of neck metastases. 

many of the patients received postoperative radio- From 1972 to 1975, a consecutive series of 119 patients with 
therapy. It is evident that no objective judgment cancer of the larynx was treated with partial, total, or extended 
can be drawn trom these treatments on the effec- laryngectomy combined with a CND, which was unilateral in 89 
tiveness of the typical conservative procedure, ba- cases and bilateral in 30. Twenty-one patients were excluded 


because of postoperative death (1 patient), death due to intercur- 


sically because the RNDs being compared were per- rent disease (4 patients), unspecified cause of death (if due to 


formed on previously selected cases, which repre- recurrence of the primary tumor or lymph node metastases or to 
sented the remairder of the patients who were se- distant metastases, 4 patients), or preoperative or postoperative 
lected for the censervative procedure. radiotherapy (12 patients). The series under analysis is 
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CONSERVATIVE VS RADICAL NECK DISSECTION 


TABLE 1. CONSERVATIVE DISSECTION — METASTASES BY CLINICAL STAGING AND HISTOLOGICAL CONTROL 





Cet 02) nee ee nec 
NO N1-2a N1I-2b Total 
ee. eee Nos cs a isc NO tcc tb NO ge ic sit 
N — 67 84.8 19 86.4 20 74.1 106 82.8 
N+R— il 13.9 3 13.6 5 18.5 19 14.8 
} 12 15.2 i 3 13.6 } 7 25.9 } 99 F72 
N+R+ 1 1.3 _ 2 65.4 3 24 
Total 79 22 2 128 


represented by 98 patients who underwent unilateral CND (59 
patients), bilateral CND (30 patients), or bilateral dissection that 
was conservative on one side and radical on the opposite side (9 
patients). Nene of them received radiotherapy. All these patients 
were followed-up for at least three years. In a previous analysis’ 
of neck recurrences after RND, 97% occurred within the third 
year. 


On the whole, we are dealing with 128 CNDs, which means 
128 operative cervical fields at risk of recurrence. Incidence and 
distribution of the metastases detected in the specimens are 
reported in Table 1. Twenty-two metastases were found in 128 
dissections (17.2% }. According to the clinical classification of the 
nodes (TNM. International Union Against Cancer), 12 metastases 
were detected among the 79 NO (15.2%), 3 among the 22 N1-2a 
(13.6%), and 7 among the 27 N1-2b (26%). As a consequence, 15 
metastases were detected among the 101 nonsuspect cases 
(14.8%) and 7 among the 27 patients with suspected nodes 
(25.9%). The incidence of extranodal spread (N + R +) was 3/22 
(13.6%). 


To provice a series of cases as analogous as possible to be 
significantly compared with the CND series, a selection was made 
from the records of patients who underwent RND for eancer of 
the larynx from 1965 to 1970. During those years, the imdication 
for the neck operation was exactly the same as today. The cases 
were selected by taking into account: analogous clinical classifica- 
tion of the primary cancer, analogous composition of the series 
with regard to the clinical classification of the nodes, identical in- 
dication for neck dissection (NO, N1-2a, N1-2b, mobile and not 
greater than 2.5 cm), and absence of preoperative or postopera- 
tive radiotherapy. The only variant was that the accesscry spinal 
nerve was preserved in 70% of the cases. These patients had also 
been followed for at least three years. 


The series. at comparison consists of 162 patients operated on 
with unilateral dissection, which means 162 operative fields at 
risk of recurrence. For this group, frequency and distribution of 
metastases Getected in the specimens are reported in Table 2. 
Thirty-two metastases were found among 162 dissections 
(19.7%): 21 among the 91 cases classified as NO (23% }, 3 among 
the 46 cases classified as N1-2a (6.5%), and 8 among the 25 cases 
classified as N1-2b (32%). Twenty-four metastases were, there- 
fore, found among 137 nonsuspect cases (17.5%) versus 8 of 25 
cases with suspected nodes (32%). The incidence of extranodal 
spreading (N + R +) was 25%. 


Table 3 compares the incidence of metastases in both series, ac- 
cording to the preoperative clinical classification of tke nodes, 
Some differences in composition may be a consequence ef a more 
careful classification in the CND group, where the choice of the 
technique depended on characteristics and size of the nedes. Fur- 


thermore, the incidence of capsular rupture was higher in the 
RND group, and this can be explained by a more restrictive inter- 
pretation of the concept of mobility in the CND group, which 
sometimes induced the surgeon to perform a RND even if the 
node was less than 2.5 cm. In spite of these differences, the series 
seem reasonably comparable. 


RESULTS 


Time of Accomplishment. The mean duration of 
the RND added to the time of the laryngectomy was 
one hour and ten minutes; this time was longer in 
the CND, where the mean duration was one hour 
and 35 minutes. 


Surgical Complications. No significant difference 
was found between RND and CND with regard to 
postoperative mortality: one postoperative death 
due to pulmonary complications occurred in both 
groups (1/119, 0.8% vs 1/162, 0.6%). With regard 
to major complications, in one CND operated pa- 
tient, a postoperative pharyngeai fistula gave rise to 
erosion of the internal jugular vein with subsequent 
hemorrhage, which required reoperation, ligature, 
and resection of the vein; the patient recovered with 
no further complications. One patient who under- 
went RND developed, in the same conditions, a ca- 
rotid hemorrhage which required ligature of the ar- 
tery with consequent hemiplegia. Minor complica- 
tions occurred in both groups with the same fre- 
quency, except for lymphorrhea, which appeared 
in three patients who underwent RND but never 
after a CND. 


The length of the postoperative course was main- 
ly affected by problems resulting from a pharyngeal 
fistula in which the incidence was the same in both 
groups. The mean duration of hospitalization after 
the operation was 17 days in CND and 18 days in 
RND patients. 


Three-Year Results, During the follow-up (Table 
4), six recurrences developed in 290 operative fields 
at risk (2%), ie, 11% of the 54 detected metastases. 


TABLE 2. RADICAL NECK DISSECTION -- METASTASES BY CLINICAL STAGING AND HISTOLOGICAL 
CONTROL (N = 162 


NO A 1-2a 
No. %o No. 
N- 70) TI 43 
N+R- 17 18.7 3 65 
} 21 23 } 3 
N+R+ 4 44 — 
Total 9] 46 





N1-2b Total 
No. % No. o Z 
17 68 130 80.2 
4 16 24 14.8 
} 8 32 E 19.7 
4 16 8 50 
25 152 
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greater than 2.5 cm. False-negative nodes ranged 
from 15% to 23% (NO+), whereas false-positive 


TABLE 3. INCIDENCE OF METASTASES BY CLINICAL 
E) TYPE OF PROCEDURE (N= 297) 


Miep nanana 











Fadical Conservative Total nodes (N1-2b-) were 68 to 74% . On the other hand, 

soe teat NI at INO ge Mi cee Os this is a particularly important question in view of 

NO 911 23.0 12/79 15.2 33/170 19.4 the indication for associating a neck dissection with 
N]-2a 396 65 3/22 136 668 88 laryngectomy. According to the findings of a previ- 
N1-2b ses 320 V27 25.9 15/59 25.4 ous retrospective study’® on the usefulness of pro- 
Total 39/962 19.7 22/128 17.2 54/297 18.2 phylactic dissection in cancer of the larynx, our 


According to tae initial clinical classification of the 
nodes, the ove-all recurrence rate was 2.5% in the 
RND group versus 1.6% in the CND group. There 
were no recurrences in either series in the necks ini- 
tially classifiec as nonsuspect but with palpable 
nodes (N1I-2a), and the difference between NO and 
N1-2b was ver” small (2.3% vs 4% after RND and 
1.3% vs 3.7% after CND). 


According tc the findings of the histological con- 
trol of the nodes (Table 5), the incidence of recur- 
rences was idertieal after either RND or CND when 
the nodes were fcund negative (N-: 0.8% vs 0.9%). 
In the presence of histologically positive nodes, 
recurrences ap eared in 9.4% of the RND and in 
4.5% of the CND group. The absence or presence of 
extranodal spread affected the recurrence rate as 
follows: N+R- = 8.3% after RND and 5.3% 
after CND; N-R+ = 12.5% after RND and 0% 
after CND (ony three cases). 


TABLE 4. REGIONAL RECURRENCE RATE BY CLINICAL 
STAGING AND TYPE OF DISSECTION (N = 290) 





F.aaical Conservative Total 
Ne % No, % No % 
NO gza 2.3 179 13 4'17 2.3 
N1-2a 0/45 o 0/22 ~~ 0/68 — 
N1-2b r5 4.0 1/27 3.7 2/52 3.8 
Total 4/52 2.5 2/128 16 6:290 2.1 
DISCUSSION 


The conservetive technique requires 25 to 30% 
more time thar RND to be accomplished. This is 
certainly a wor hwhile cost from the functional and 
cosmetic viewpoint, also considering the absence of 
an increase in postoperative complications. 


The analysis of Tables 1 and 2, which show the 
distribution of the metastases according to the clin- 
ical preoperative classification, raises once more the 
issue of the fallibility of palpation in evaluating the 
presence or absence of metastases in nodes not 








TABLE 5. REGIONAL RECURRENCE RATE BY HISTOLOGICAL STA 





policy is to perform it systematically in cases other 
than T1 (and T2, glottic) on one or both sides de- 
pending on the site of the primary tumor. In fact, 
only 40% of late metastases can be cured, so that 
the availability of less aggressive surgical pro- 
cedures on the neck nodes, to be safely performed 
unilaterally or bilaterally en bloc with the laryngec- 
tomy, seems to us particularly important. An over- 
all recurrence rate of 2.1% (7.4% among the pa- 
tients with nodal involvement) confirms the effec- 
tiveness of the surgical treatment of neck metastases 
in cancer of the larynx, using whatever kind of neck 
dissection en bloc with the primary tumor. In spite 
of the relatively small number of patients with lym- 
phatic involvement (54 cases), we think that the 
detailed analysis of the criteria used for selecting the 
series of RND to be compared with the CND group 
makes this retrospective comparison quite reliable. 


The conservative procedure seems to be as effec- 
tive as RND, at least when the node metastases are 
microscopic or not larger than 2.5 em and mobile. 
It is noteworthy that three of the four recurrences 
after RND occurred in clinically negative necks 
(3/91 = 2.3%): this confirms that the RND series 
did not include more advanced cases. The absence 
of recurrences among the cases classified as N1-2a 
(palpable nonsuspect nodes) in both groups suggests 
the possible presence of some favorable lymph node 
reaction (immunological?). 


With regard to the histological findings, the ab- 
sence of nodal microscopic involvement does not 
prevent the appearance of neck recurrences (one 
case in both groups). This is probably due to intra- 
operatory seeding of cancer cells circulating within 
the lymphatic vessels. Nevertheless, the recurrence 
rate is decisively higher among the cases with con- 
firmed metastases (7.4% vs 0.8%), but it is not 
strongly affected by the presence of capsular break 
(N+R-—,7%;N+R+, 9%). This is in part due to 
the fact that the neck dissections were performed en 
bloc with the larynx and mainly because all the 


permet HH aa mamma 





Radical Conservative Total 
No. % No. % No. 
N- 1/130 0.8 1/106 0.9 2/236 0.8 
N+R- 2/24 8.3 1/19 5.3 3/43 7.0 
3/32 1/22 4/54 
9.4 4.5 7.4 
N+R+ 1/8 12.5 0/3 0 L/ll 9.0 


Total 4/162 2.4 2/128 
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nodes considered in the present study were not 
larger than 2.5 cm and mobile, so that the extracap- 
sular spreading was always only microscopic. No 
difference was found between CND and RND, if 
any, recurrences were a little more frequent after 
RND than CND (9.4% vs 4.5% , respectively. 8.3% 
vs 5.3% among N+ R-— cases and 12.5% vs 0% 
among N+ R+ cases), but the difference is not 
statistically significant, also because only three 
cases were N+ R+ in the CND group. Further- 
more, in a few patients who underwent CND, ex- 
tracapsular spread was clinically noticed during the 
operation, and the planned surgical procedure was 
modified (removal of the internal jugular vein or 
other structures or even RND). If these cases had 
been ineluded in the study, the above-mentioned 
differences would probably be annulled. 


In conclusion, the CND seems to be as effective as 
the radical procedure in cancer of the larynx when 





performed en bloc with the laryngectomy, provided 
that lymph node metastases, when detected, are not 
greater than 2.5 cm. Previous studies have proved 
that the incidence of extranodal spread is an ab- 
solute determinant factor when the size of the me- 
tastasis increases from 2 to 3 cm.''” As a conse- 
quence, the safety limits of the CND still need to be 
specified: it is probable that an extension of the in- 
dications of this procedure to larger nodes will re- 
quire modified techniques, such as removal of the 
internal jugular vein or the sternomastoid muscle. 
However, technical acrobatics can be easily ac- 
cepted only when a bilateral neck dissection is to be 
performed to reduce the consequences of the opera- 
tion. If the node is larger than 3 cm, and mainly if 
its mobility is reduced (macroscopic extranodal 
spread), there is no doubt that, in the case of 
unilatera! dissection, the RND yields the best results 
from the oncological viewpoint. 
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DESTRUCTION AND REGENERATION OF JAWBONE AFTER 
CRYOGENIC APPLICATION 


AN EXPERIMENTAL STUDY 


RICHARD KUYLENSTIERNA, MD 
PER-“GOTTHARD LUNDQUIST, MD ARTHUR NATHANSON, MD 


STOCKHOLM, SWEDEN 


On 13 rabbits part of the lateral aspect of the jawbone was frozen with liquid nitrogen in two sessions. The animals were sacrificed 2, 
4, 12, and 24 week: after the cryosurgery. The specimens were analyzed with microangiography according to the Spalteholz technique and 
with light microscepy. The whole width of the lateral cortex, measuring around 3 mm, was subject to bone destruction two weeks after 
cryosurgery. New oone formation, on the other hand, was evident in the frozen area and on the undamaged periosteum some distance 
from the lesion. The same area, 12 weeks after the injury, was completely restored. Bone destruction and regeneration are discussed with 
special reference te: the vascular response to the injury. 


INTRODUCTION changes after cryogenic trauma and its significance 
for the remodelling of injured bone. Crvyosurgical 
Cryosurgery has been proven to be of value in the impact on tooth and nerve tissue as well as on mus- 
treatment of several neoplastic bone conditions as cle tissue within the area of damage will also be 
well as in superficially growing soft tissue tumors. discussed. j 
In the case of oral carcinomas, particularly of the 
floor of the mouth or the gingiva, their near prox- METHODS 
imity to bone can render it necessary to include ad- 
jacent bone tissue within the cryolesion to insure a era young a rabbits were operated on gi ibe 
adical ablation > Ag anesthesia maintained by intravenous injections 5 mg! O 
radical ablation of the hepplasm: Mebumal® {ACO Pharmaceutical Ee The ie 
The effects o” low temperatures on soft tissue are covered lateral side of the left (in two cases the right) mandible 


was exposed through a straight incision, slightly above the inferior 
margin of the jawbone and extending from the angulus approx- 
imately 30 mm forward. The soft tissues were retracted with 


rather well un icerstood'* whereas only a few 
reports have been issued dealing with cryogenically 


induced effects on bone tissue, often with emphasis great care in order not to impair the circulation. 

on the histopathological 5 cea and without Freezing was carried out using a Frigitronic CE-2A ervounit 

reference to the vascular response.*’’ Several in- utilizing liquid nitrogen as coolant. The probe tip (with flat sur- 

vestigators have clearly shown that the ultimate ex- face and diameter of 4 mm and equal to a surface area of 1256 
H 2 i ‘ soos 2 oe 3 : areri orratne ` t ae : pre 7" 

tent of the cryoesion in soft tissue is influenced not mm’) was gently placed against the periosteally covered man 


dibular bone slightly in front of the first molar and under the in- 


? y + g Pa) t ] > Wg » a S 
only by direct chermal influence on the cells, but cisor, approximately 5 mm above the inferior margin of the 
also by direct and progressive vascular damage." jawbone (Fig. 1). Freezing was performed in two sessions with a 
spontaneous thaw in between, a total freezing time of six minutes 


In a previous investigation undertaken by Kuy- and a recorded probe tip temperature of ~ 160 C, The operation 


lenstierna et al on the early morphological was terminated with wound closure using interrupted sutures. 
changes on rakbit mandible after cryosurgery, it The animals were sacrificed 2, 4, 12, and 24 weeks after 
was shown that the acute lesion was caused mainly cryosurgery (Table 1). 
by circulatory events, Microangiography. A microangiographic technique with India 
ink infusion was used in the study of the vascular response of the 
A complete arrest of the microcirculation within mandibular bone to the freezing and compared with the con- 
the cortical bone and adjacent marrow cavity, but tralateral not frozen mandibular half, according to a technique 
. 2 FOR t 7 Pook fe i t RE ni 
without obvious damage to bone or tooth cells, was Senay Nathanson: 


observed with I-ght microscopy. It was also shown On the day of sacrifice the animal received 10,000 immunizing 
; me ; he” yg : its Henarin® (Vj 5 Xvlocaine® i 5 < 
that the circulation in the soft tissue surrounding units Heparin® (Vitrum), 5 ml Xylocaine® (Astra) 0.5%, and 


H O N bea A ES ob “hme ode Mebumal intravenously in a dose of 35 mg/kg body weight. The 
the bone was Cisturbed, with signs of thrombosis abdominal aorta was exposed and 500-600 ml of 20% India ink 


and extravasatien of blood corpuscles. solution was slowly infused from a height of 150 cm above the 
; , ae heart level during approximately one hour. The rabbits survived 

The aim of the present investigation was to the infusion for about half an hour. 
evaluate the su bsequent effects on mandibular bone Preparation for Microangiography and Histology. After com- 
and its surrounc Ing tissue of cryogenic application. pletion of the India ink infusion, the jaw was removed from the 
Special attention was paid to the microvascular skull and the bone freed from soft tissues except for its surround- 
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REGENERAT#ON OF BONE AFTER CRYOSURGERY 





Fig. L Schematic drawing demonstrating the _ateral 
aspect of the rabbit mandible and the cryoprobe applied to 
the bone 


ing periosteal layer. The two halves of the mandible were 
separated at the midline and each half was fixed with a solution of 
10% formaldehyde for one day, decalcified with 5% 
trichloracetie acid for one week, dehydrated in alcohol and 
clarified with methylsalicylate according to the technique 
described by Spalteholtz.'? After completion of the dezalcifying 
process a central segment of each mandibular half with a width of 
about 15 mm was sectioned and cut into 0.5-0.9 mm thick slices, 
which were examined in a stereomicroscope and photographed 
with a macrophotographic unit. 


Alternating sections from the central specimen were put in 
xylol embedded in paraffin wax and cross sectioned ir 5-10 um 
thick slices with a sliding microtome (MSE) for ordimary light 
microscopy. The sections were stained with hematowylin and 
eosin, and Mallory’s azan method. 


RESULTS 


Gross Cbservations. All rabbits fed normally and 
did not lose weight during the observation period. 
There were no clinical signs of fracture of the 
jawbone during that time. Neither were there any 
signs of infection in the cryosurgically treated area, 


Light Microscopy. Two weeks after cryosurgery, 
bone destruction of the whole lateral cortex could 
be seen in one case (Fig. 2). In the other two cases, 
there were more local signs of bone destruction. 


Regeneration of new bone, which in one case was 
abundant and in the other two cases was mere lim- 
ited after two weeks, always started in the marrow 
cavity between the medial and lateral cortices (Fig. 
3). At the margins of the lesion, new bene was 
formed by the periosteum undamaged by cryosur- 
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Fig. 2. Cross section of mandible two weeks after cryo- 
surgery showing a large bone defect (BD) with new bone 
formation (NB) at the margins of the lesion and on dead 
bone (DB). (The insert is Fig. 4.) (x 22) 


gery (Fig. 2). New bone also regenerated from dead 
bone at the bottom of the lesion (Fig. 4). These find- 
ings became more conspicuous four weeks after the 
cryogenic application. The area on the lateral cor- 
tex undergoing both destruction and regeneration 
measured approximately 10 x 10 x 3 mm. 


Four weeks after cryosurgery the mandibular 
nerve, which lies beneath the lateral cortex, showed 
clear signs of degeneration with vacuole formation 
in two cases, but seemed normal in the third (Fig. 
5). No damage was detected in the pulp cavity or in 
the dentin of the teeth. Nor were any massive bleed- 
ings seen in the pulp. 


Twelve weeks after cryosurgey, only a minimal 
impression was detected on the lateral cortex as a 
trace of the former bone destruction (Fig. 6). In- 
stead the lateral cortex was replaced by new bone 
already transformed into lamellar bone (Fig. 7) and 
no trabecular bone was seen. Occasionally some re- 
sorption cavities were present and new bone forma- 


TABLE 1. PROCEDURES COMPLETED ON EXPERIMENTAL RABBITS 
SE ERS COMPLETED ON EXPERIMENTAL RABBITS 


Side Frozen 


Rabbit No. Left Right 


13 + 2 
18 + 2 
19 + 2 
T + 4 
Fi + 4 
12 + 4 
17 + 12 
21 + 12 
22 4 12 
14 + 24 
15 + 24 
16 + 24 
20 + 24 


Observation 


+ + 
— + 
+ + 
+ = 
+ + 
— - 
+ + 
+ - 
~ + 
+ - 
+ - 
+ > 
+ = 
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Fig. 3. New bone formation (NB) two weeks after cryo- 
surgery in the marrow cavity on both medial (M) and 
lateral (La sides. (x 50) 


tion then took place from the periosteum, but more 
restricted than tkat originally present. The lateral 
cortex was, however, in all cases completely re- 
stored. Sizns of degenerative changes within the 
mandibular nerve were still present in some speci- 
mens, and the muscle tissue overlying the eryo- 
surgical lesion had been completely destroyed and 
replaced ^y fat and granulation tissue (Fig. 6). 
Signs of thrombosis or inflammatory reaction could 
not be detected in the soft tissues. 


Twenty-four weeks after cryosurgery the only 
histologice. finding indicating previous damage to 
the lateral cortex was a limited groove in one speci- 
men, suggesting that the remodelling had ceased 
before the normal curved mandibular shape had 
been achieved. No signs of infection of bone resorp- 
tion were detected in the region treated. 





Fig. 4. Detail from the same specimen as in Fig. 2 dem- 
onstrating new bone formation (NB) taking place en the 


dead bone (DB). (x 320) 






S ne 
= Sy at l 


ak 5 gee? 
7 TEA q 8 ARS x CA ~ 


ä 
a3 i 
* 


> 
e 
* 





Fig. 5. Patent and seemingly normal-looking alveolar 
artery (bottom left) and degenerating mandibular nerve 
(MN) in the mandibular canal, four weeks after cryo- 
surgery. (x 120) 


Periosteal bone formation was occasionally seen 
to an extent corresponding to normal bone turn- 
over. The mandibular nerve exhibited a completely 
normal appearance similar to that of the control 
side (Fig. 8). No reduction had occurred in the 
thickness of the fat and granulation tissues overlay- 
ing the cryotreated area. The alveolar artery re- 
mained patent and no degenerative change was de- 
tected in the walls of the artery throughout the in- 
vestigation. 


Microangiography. Two weeks after cryosurgery 
the marrow cavity became filled with numerous 
dilated and tortuous vessels, which started a 
recanalization of the old haversian canals. The 
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Fig. 6. Lateral side of the mandible 12 weeks after cryo- 
treatment. Arrows indicate a small groove in the bone, 
which is not yet completely restored. Note the loose ap- 
yearance of the soft tissue (ST) and the protruding ely 
anea bone (NB) at the margin of the fesion. (x 17) 
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Fig. 7. Restored lateral part of the mandible 12 weeks 
after treatment. Note remodelling bone (RB) outsidescead 
bone (DB. (x 120) 


capillary network in the cortex was, however, 
sparser than normal two and four weeks after 
cryosurgery (Figs. 9 and 10). 


The vessels in the marrow cavity regained their 
normal size and number from 12 weeks after treat- 
ment, though some specimens showed occazsional 
dilated marrow vessels even 24 weeks after freezing. 


After 12 weeks the capillaries of the cortex 
seemed dilated and tortuous and most of them hada 
longitudinal course through the jawbone instead of 
the normally occurring radiating route (Figs. 11 
and 12). At the end of the period the cortex cap- 
illaries had regained their normal size and course 
(Figs. 13 and 14). 


The vessels in the soft tissues covering the cryo- 
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Fig. 8. Seemingly normal-appearing mandibular rerve 
underlaymg the crvotreated area 24 weeks after surgery. (x 
80) 





Fig. 9. Spalteholz preparation 570 „m thick of the man- 
dible four weeks after cryosurgery. Note the sparse filling 
of the ntracortical vessels on the lateral side (L) compared 
with tue medial side (M). The vessels in the marrow cavity 
(MC) are dilated, the pulp vessels (PV), however, are nor- 
mal ir appearance. (x 11) 





Fig 10. Normal microvascular appearance of the con- 
tralateral side of the same specimen as in Fig. 9, 550 um 
thick. same abbreviations as in Fig. 9. (x 11) 
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Fig. 11. Vaseular architecture 12 weeks after treatment. 
Note dilated vessels (DV) within the injured lateral cor- 
tices. The vessels here have a longitudinal course. The sec- 
tion is 900 am th ck. (x 12) 





Fig. 12. Norma. vascular appearance on the contralater- 
al side of the same specimen as in Fig. 11. Note the slender 


radiating intracortical vessels on the lateral side (arrows) 
The section is 630 um thick. (x 12) 





Fig. 13. Twenty-four weeks after cryosurgery the vascu- 
lar architecture within both cortex and marrow was com- 
pletely restored to normal, as in this specimen. The section 
is 750 wm thick. (x 11) 


surgically treated area in some cases appeared nor- 
mal in size and distribution two and four weeks 
after freezing. After 12 weeks, the soft tissue net- 
work in all specimens became very sparse and this 
was still the picture at the end of the observation 
period. 


The vascularity of the teeth was of normal ap- 
pearance throughout the investigation. 


DISCUSSION 


The immediate effects on the microcirculation of 
cryosurgically treated soft tissues have been de- 
scribed in detail by some authors, eg, Zacarian et 
alë and Whittaker.’ They have shown that the in- 
itially constricted microvessels, particularly the 
venules, became dilated within hours after cryo- 
surgery, which led to stasis and the development of 
total arrest of the microcirculation. 


The endothelial cells of the vessels became 
damaged with leakage and hemorrhages into the 
soft tissues during the thawing phase. The same 
events take place after cryosurgery on bone tissue." 


The cells within the cryotreated area will, of 
course, succumb, leading to a widespread degener- 
ation, unless the blood circulation is restored in 
proper time. The vascularity of bone is considerably 
reduced compared with that of the soft tissues. It is 
therefore difficult to foresee the final effects on 
bone microcirculation and regeneration after cryo- 
surgery. 
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Fig. 14. The contralateral specimen from the sam= ani- 
mal as in Fig. 13. The section is 600 um thick. (x 1F 


Cryosurgery is recommended and considered a 
reliable modality of treatment for bone cysts and 
even bone tumors. !3"!5 


Some authors have reported a high incidence of 
spontaneous fracture after cryotreatment of bone." 
Gage et al ° noticed fractures in 11 of 16 thigh bones 
12 weeks after cryosurgery. 


The interrelationship between revascula-ization 
and regeneration of bone has not been studied in the 
aforementioned investigations. The present investi- 
gation shows hypervascularity and bone regenera- 
tion as starting mainly in the marrow cavity two 
weeks after cryosurgery. The cortex is, at this time, 
still avascular and demonstrates bone destruction 
leading to a breakdown of the lateral corte» within 
two to four weeks. Bone regeneration also origi- 
nates from the periosteum at some distance from the 
lesion. 


There were no fractures of the frozen mamdibles 
in the present investigation. There are many expla- 
nations for this. For instance, did the microcircula- 
tory arrest only comprise a well-defined area in 
which the medial cortex was not included?“ 


Thus the microcirculation within the medial cor- 
tex, as well as the pulpal circulation, was not af- 
fected. These findings were probably due to re- 
maining patency of the alveolar artery, which is the 
main artery of the mandible supplying bore, mar- 
row cavity, and teeth. The mucosal circulation on 
the medial side of the mandible was never af ‘ected. 
The high rate of circulation within the pulo cavity 
and in the proximity of the alveolar artery might 


make these richly supplied areas more resistant to 
cryogenic trauma than other more sparsely circu- 
lated areas. Another reason for the resistance of 
teeth structures to this type of influence is the many 
bony and enamel layers shielding the pulp cavity 
from the freezing on the lateral aspect of the mandi- 


ble. 


In the lateral cortex, bone regeneration was ap- 
parent two weeks after cryosurgery and a normal 
thickness was present within 12 weeks. Bone regen- 
eration apparently kept pace with bone resorption. 
This fact, together with the unaffected medial cor- 
tex, gave sufficient stability to the jawbone to pre- 
vent spontaneous fractures in spite of the substan- 
tial forces created by the rabbit’s habit of perpetual 
jaw grinding. 


The first signs of increased vascularity of the mar- 
row cavity could be detected after two weeks. This 
hypervascularization was even more conspicuous 
after four weeks. During the same period, there was 
only a limited revascularization of the lateral cor- 
tex. The hypervascularity of the marrow cavity sub- 
sided and returned to a normal status in most speci- 
mens 12 weeks after cryosurgery while the vessels of 
the lateral cortex, on the other hand, were dilated 
and tortuous, resembling the former picture of the 
marrow cavity. These observations imply that the 
process of revascularization originates in the mar- 
row cavity and spreads outwards, and not the re- 
verse. 


No trabecular bone was formed in the lateral cor- 
tex 12 weeks after cryosurgery. The previously 
formed bone was undergoing remodelling. 


Osteogenesis and vascularity have been shown to 
be closely interrelated.'”'® Göthman’?’ found the 
liveliest arterial response related to regions where 
radiopaque callus was heaviest in tibial fractures in 
the rabbit and monkey. Thorogood and Gray” 
showed, with both light and electron microscopy, 
that vascularization always preceded osteogenesis 
in bone grafting. Zuckman et al” claimed that 
though the development of newly formed vessels 
was a necessary preliminary stage for osteogenesis, 
it was not sufficient in itself. Cummings’ empha- 
sized that osteogenesis occurs in bone devitalized by 
freezing, provided there is ample vascularization 
and an absence of overwhelming infection, 


Our findings indicate that hypervascularization 
of bone affected by cryosurgery is an expression of a 
generally increased metabolism due to both resorp- 
tive and regenerative processes. These processes 
kept in step in the present investigation. This may 
be due to favorable circumstances, for instance, the 
ceaseless jaw grinding of the test animal. which 
may enhance and stimulate circulation. Though the 
experiments are not directly comparable, Cum- 
mings’ had problems with osteomyelitis after 
reimplantation of frozen mandibular autografts in 
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dogs. This preblem never arose in the present in- 
vestigation probably because of the ample vascu- 
larization. Also, the continuity of bone was never 
mechanically broken. 


The extent of soft tissue damage on the lateral 
side of the mandible exceeded that of the underly- 
ing cortex. Two weeks after cryosurgery the muscles 
were replaced by a sparse network of fibrous tissue 
interwoven with fat cells. A progressive thickening 
of this scar tissue was followed at least four weeks 
after surgery. Microscopically the amount of fat 
cells within the scar tended to increase. No regener- 
ation of striated muscles was observed during the 
study. The meżabolic rate of muscle tissue is higher 
than that of denser tissues such as bone, which 
makes muscle tissue more susceptible not only to the 
cryogenic impact, but also to the vascular disturb- 
ance induced by the surgical trauma. 


There are few reports on cryogenically induced 
lesions of nerve tissue. Barnard? found, on the 
seventh day after freezing the infraorbital nerve in 
mice, a complete degeneration of nerve fibers in the 
proximal part ef the nerve. This injury was always 
reversible and 16-24 weeks after the cryogenic ap- 
plication, the nerve fibers were found to be normal 
with light microscopy. The same author reported a 
functional blockade of the infraorbital nerve in 27 
patients, with a mean duration of 90 days. 


In our series, degeneration of the mandibular 
nerve was a constant finding from 4 to 12 weeks af- 
ter cryosurgery, and was occasionally found two 
days after treatment. Twenty-four weeks after 
treatment the rerve had regained a normal appear- 
ance, similar tc that of the control side, in two cases 
where it could be visualized. These findings are thus 
congruent witk those of Barnard.?? Consequently 
cryosurgery may be of value in the treatment of 
neuralgia such as facial pain and temporarily to re- 
lieve pain caused by necrotizing incurable tumors. 


It is evident from the present investigation that 
the soft tissue overlying the frozen bone was more 
damaged and did not regenerate to the same extent 
as the cryogenically treated bone. These findings 
are equivalent to those of Gage,'® who found that 
cryosurgery was particularly apt when treating oral 
carcinomas invading bone. 


It is our opinion that only tumors with a limited 
spread into the bone should be treated with cryosur- 
gery. This limitation is due to the necessity to spare 
one of the bone cortices in order to avoid a spontan- 
eous fracture, and to maintain a framework for new 
bone formation. 


CONCLUSIONS 


1. The lateral cortex of the jawbone two weeks 
after cryosurgery showed bone destruction with a 
maximum depth of 3 mm. New bone formation was 
at the same time evident in the frozen area starting 
from the marrow cavity and from the periosteum at 
some distance from the lesion. The whole width of 
the lateral cortex was rebuilt 12 weeks after crvo- 
surgery. 


2. The alveolar artery, the pulpal circulation, as 
well as the microcirculation of the medial cortex of 
the jawbone, remained intact during the observa- 
tion period. 


3. The outgrowth of new capillaries took place 
from the marrow cavity extending towards the lat- 
eral cortex. 


There were no signs of inflammation or spon- 
taneous fracture of the cryogenically treated bone. 


5. The mandibular nerve in many cases showed 
signs of degeneration from 4-12 weeks but had 
regained a normal appearance when studied at 24 
weeks. 


6. There were no signs of damage to teeth struc- 
tures in the cryosurgically treated area. 
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D MEDICINE TODAY IN THE PEOPLE'S 
REPUBLIC OF CHINA 


BRIAN F. MCCABE. MD 


In September 1980 the Chinese Medica! Associa- 
tion sponsored a lecture tour for a group they termed 
the “First American ENT Delegation to China.” 
Your Editor and Coeditor were privileged to be 
members of that delegation. Following is a report of 
some of our impressions of that fascinating trip. 


The delegates were selected through Dr. Samuel 
Rosen, a long-time friend of that country who was 
making his eighth trip to China. The complex de- 
tails of the trip were worked out over a period of 
many weeks by Mrs. Helen Rosen. These two indi- 
viduals were hig: aly appropriate to lead the delega- 
tion not only fer their knowledge of the country but 
for a special empathy they have for the Chinese 
people, which is returned with deep respect and ob- 
vious affection. 


The ten-member medical delegation, censisting 
of Drs. Samuel Rosen, Beverly Armstrong, Stanton 
Friedberg, Jerome Goldstein, ‘Brian McCabe, Dan- 
iel Miller, Loring Pratt, Robert Schindler, Ben Sen- 
turia and John Shea, delivered over 80 lectures in 
four cities (Shanghai, Peking, Hangchow and Can- 
ton) and participated in question and answer panels 
after each session. At the request of the Chinese, 
lecturers were selected to cover every aspect of 
modern otolaryngology with the exception of cos- 
metic surgery, Audiences ranged from a seminar 
group of 30 academicians to a group of 550 general 
otolaryngologists and other interested physicians 
and health workers. Lectures were somewhat diffi- 
cult to deliver because of the necessity of compact- 
ing a 30-minute talk into 15 minutes, requiring a 
high degree of precision and selectivity. This was 
necessary because approximately half the speaking 
time had to be given over to an interpreter. Au- 
diences in each city listened to every word delivered 
with rapt attention and were uniformly effusive 
with praise and thanks. 


In general, otclaryngology and medicine as a 
whole have been isolated from many of the develop- 
ments in the United States. We were taken on tours 
of hospitals and cinics in every city. All questions 
were welcomed and we were taken anywhere we 
wanted to go and walked the streets with impunity. 
At its best, otolaryngology is good in China and in 
certain areas as good as some of the leading institu- 
tions in our country. This alone is amazing because 
for three decades they have had few teachers from 
abroad to describe the advances occurring in 
medicine; they have been to a large degree self- 
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taught, mainly through the studious pursuit of in- 
formation accessible in journals. China is a relative- 
ly poor country and cannot afford thousands of 
journal subscriptions. They circumvent this by ac- 
quiring a few copies of a journal each month and 
then duplicating them for distribution within the 
country. We were most impressed by their laryn- 
geal cancer surgery and management of carcinoma 
of the esophagus. Their cure rates in the latter are 
believed to be the highest in the world. We person- 

ally witnessed acupuncture anesthesia and came 
away convinced of its effectiveness for operations 
on the neck. 


In some areas China is ahead of the West. This is 
most apparent in preventive medicine. They have 
somehow been able to rid the country of all mos- 
quitoes and flies without upsetting the ecological 
balance. Intensive “patriotic wars’ have been 
periodically waged to eliminate the “four pests,” 
mosquitoes, flies, rats, and sparrows. Except in the 
countryside, cats and dogs are seldom seen for they 
must be given food which is needed for people. 


The greatest single problem facing China today is 
population control. It is estimated that the Chinese 
number one billion. Their population had increased 
by two hundred million in only the past ten years. 
They have approached birth control with vigor and 
determination. They point out if they do not do this 
the population by the year 2080 will be four billion. 
Their aim is the one-child family, which if effective 
will reduce the population by the year 2080 to 300 
million. The birth control program is conducted on 
three levels: the government gives couples a mone- 
tarv bonus if they have one child; if a second child is 
born the bonus must be returned. If there is a third 
child a fine is levied. On the city level, families with 
more than one child are not given any extra food ra- 
tion coupons for the extra person. Finally, on the 
the local neighborhood level, a mandatory “block” 
meeting is held and a family planning official lec- 
tures about birth control. The couple with more 
than one child is held up to the others as unfair and 
unpatriotic. 


Our general impressions of the Chinese people 
are that they seem well fed and content. Their 
socialism appears to work primarily because there 
are incentives at every level of activity. Our most 
lasting impression was that the Chinese people 
deeply and sincerely wish a warm and growing 
friendship with our people. 


ENG OF THE MONTH 
PACEMAKER ARTIFACT ON ENG TRACING 


WILLIAM R. WILSON, MD 


Beston, MASSACHUSETTS 


The electronystagmogram (ENG) of this 76-year- 
old female. who was referred for diagnostic evalua- 
tion of vertigo, demonstrates an electronic artifact 
secondary to the signal generated by a cardiac pace- 
maker. The patient had complaints of dizziness, 
staggering and tinnitus associated with visual 
“orayouts” lasting 15-20 seconds almost daily for 
several months. Three years prior to her evaluation, 
a Medtronic® endocardial pacemaker had been placed 
in the trabecular system of the right ventricle via 
the right cephalic vein for correction of a complete 


heart blocx. 


During the left optokinetic test (Fig. 1A) tne up- 
ward pen deflections generated by the pacemaker 
can be seen at regular intervals among the beats of 
nystagmus. The small artifacts are more easily 
noted when the eyes are still, as in the erect-sitting 
position (Fig. 1B). The bodily conductivity of this 
signal changes and the waveform is altered in size 
and polarity by the head-hanging position (Fig. 
1C). Pacemaker artifact is a single spike but is best 
characterized by its regularity. On the ENG, the in- 
strument appears to discharge each 0.9 seconds (the 
actual monitored pacemaker interval in the eardiac 
lab was 0.858 for a heart rate of 72 beats per min- 
ute). 


The ENG was entirely normal, including hyper- 
ventilation testing. The pacemaker functions nor- 
mally. She is followed by the medical service and 
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Fig. 1. 


her transitory vestibular symptoms are attributed to 
hyperventilation-anxiety attacks. 


The message of this brief report is to caution 
those interpreting ENGs of the presence of unsus- 
pected artifacts. Eye blinks, especially in the form 
of blepharospasm, can be a source of confusion, 
particularly on vertical leads. Cervical and facial 
muscle tics should also be noted by the ENG techni- 
cian. Rarely an EKG signal can be seen on the 
ENG. Causes of external glitches include poor 
grounding, broken or loose lead wires, and short 
voltage surges produced by electrical switches or 
relays.' In the future, signals from pacemakers no 
doubt will become a more common artifact. 


From the Department of Otolaryngology, Massachusetts Eve and Ear Infirmary, Boston, Massachusetts. 
REPRINTS — William R. Wilson, MD, Department of Oto aryngology, Massachusetts Eye and Ear Infirmary, 243 Charles Street, Boston, MA 02114. 
ACKNOWLEDGMENT — The ENG was performed by Mrs. Elizabeth McHugh, ENG Laboratory, Massachusetts Eve & Ear Infirmary, Boston, Massa- 


chusetts. 
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BOOK REVIEWS 


Auditory Investigeticn: The Scientific and Technological Basis 


Edited by H, A. Beagley. Hard cover, black and white illustra- 
tions, indexec, referenced, 600 pp, 1980. Oxford University 
Press, New Yark. Price $95.00. 


The “auditory irvestigation” in the title of this volume includes 
the auditory invesa@gation of patients in modern clinical practice 
as well as auditory investigation in the context of research on the 
auditory system, The methods and tools of engineering sciences 
have been increasangly employed in medical investigation and 
medical practice. “h:s is especially true with respect to auditory 
investigations whi-h must couple the physical acoustic stimuli 
with the biological responses at physical, physiological and 
psychological level. ir: the sensory system. For this reason persons 
with training in ergineering sciences have contributed and con- 
tinue to contribute significantly to our understanding of the audi- 
tory system. This handbook in the Oxford Medical Engineering 
Series is intended t» help fill the informational gaps between the 
engineering and biamedical sciences for engineers, for otologists, 
and for a new bree of audiologists who aspire to become equally 
conversant in both areas. 


The major unifying thread for the book lies in the sequence of 
electroacoustics (el-ctronics and acoustics) to electrophysiology. 
Part I includes six chapters on pertinent digital and analog in- 
strumentation for tse generation, control, transmission. measure- 
ment, and analysis of signals and responses. The breadth of treat- 
ment is excellent ard the depth is appropriate for most purposes. 
Many references are provided for the further reading necessary to 
many detailec, full. scale engineering applications. 


Part H reviews tae sound stimuli commonly used in auditory 
investigations and tae variety of acoustic measurements made for 
many different pu poses. These include threshold and supra- 
threshold audiomet y, measurement of acoustic impedance, tym- 
panometry, and aceustic reflex thresholds. A chapter of “Speech 
Pattern Audiometry ` brings together information on articulation, 
phonetic and acoustic characterization of speech, the roles of 
stress, inflection, vawel formant transitions, voicing and voiceless 
contrast, and tempcral factors in a way that demonstrates the dif- 
ficulties that have kzen encountered with the standardization of 
tests using speech. 


The methods used for various animal studies and for elec- 
trophysical assessment of human hearing are included in Part HI, 
“General Auditory knvestigations.” The former include measure- 
ments of moticn of tne basilar membrane, the classic cochlear po- 
tentials under varioss conditions, responses from single hair cells 
and single auditory set.rons, and responses in the central auditory 
pathways. The latter include electrocochleography, brainstem 
reflexes, auditory nerve and brainstem evoked responses, middle 
latency responses, r-sponses of cortical origin, and late cortical 
responses. 


This appears to be a very useful book for anyone who plans to 
become concernec with the electroacoustics and elec- 
trophysiology cf audttory investigations in basic science or clinical 
practice. The book sould be available in the library of any ENT 
department that spensors such investigations, and many young 
otologists and biomedical engineers will want a personal copy. 


DonaLp H. ELDREDGE, MD 


St. Louis, Mo. 


Third Edi- 





Sedation, Local and*General Anesthesia in Dentistry, 
tion 


Edited by Niels Ejorn Jorgensen and Jess Hayden, Jr. 
Hard cover, black and white illustrations, indexed, 1980. 
Lea & Febiger, Philadelphia. Price $27.50 


Although written as a dental textbook this book ably covers all 
of the problems of aaesthesia for the ambulatory patient regard- 
less of the specialty involved. 
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The book is divided into the following sections: 1) Total 
physical evaluation of the patient as an essential prologue to any 
type of anesthesia. 2) Sedation relative to local or general 
anesthesia. This section offers a comprehensive and well- 
illustrated, documented and detailed study of sedation, analgesia 
and anesthesia relative to anatomy, technics and side effects. 3) 
This section deals fully with all equipment in use. It too is fully il- 
lustrated. 4) A comprehensive, condensed resumé of the history of 
anesthesia is very well presented. 5) This section on anatomy, 
neurophysiology and pharmacology is superb. The illustrations 
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are excellent, being accurate, clear and graphic. 


An outstanding quality of the text is its readability. Ap- 
proaching it as a textbook the reader soon discovers that the style 
of presentation induces the reader to read with increasing in- 
terest. It is difficult to put the book down. 


As a final note it must be said that its textbook teaching value 
and thorough coverage of the subject leaves only the need for 
practice and clinical training to make the reader proficient in 
anesthesia. Of course another point of view, which might be con- 
sidered as criticism, is that the inexperienced operator may be 
lulled into a false sense of security by relying solely on this one 
textbook. 


JEROME 8. Grossy, DDS 
St. Louis, MO 


BOOKS RECEIVED 


Basic Industrial Hearing Conservation 


By David F. Barr, PhD, and Richard K. Miller. Black and 
white illustrations, hard cover, glossary, appendix, 125 pages, 
1979. The Fairmont Press, Inc., Atlanta, $26.95. 


Guide to Noise Control Literature 


By Richard K. Miller. Hard cover, 148 pages, 1980. The Fair- 
mont Press, Inec., Atlanta, $24.95, 


Concepts in Cancer Care. A Practical Explanation of 
Radiotherapy & Chemotherapy for Primary Care Physicians 
By Jay Scott Cooper, MD, and Donald J. Pizzarello, PhD. In- 


dex, black and white illustrations, hard cover, 257 pages, 1980. 
Lea & Febiger, Philadelphia, $16.50, 


Neurological Surgery of the Ear, volume Il 


By Herbert Silverstein, MD, and Horace Norrell, MD. Black 
and white illustrations, indexed, hard cover, 396 pages, 1979. 
Aesculapius Publishing Co., Birmingham, $60. 


Otolaryngology, 3 volumes, 2nd edition 


By Michael M. Paparella, MD, and Donald A. Shumrick, MD. 
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The Richards T-Tube offers the otology surgeon a long term 
ventilation tube that is easily inserted through a small incision and is 
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Because the T-Tube is designed with a long shaft and flexible flanges, 
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trimmed to adapt to the surgeon’s needs. 
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Please send me the following: Expiration Date: Month 


Diseases of the External Ear 


An Otologic-Dermatologic Manual 


Second Edition 


By BEN H. SENTURIA, M.D., MORRIS D. MARCUS, M.D., and 


FRANK E. LUCENTE, M.D. 


DISEASES OF THE EXTERNAL EAR: An Otologic- 
Dermatologic Manual reflects the many years of teaching and 
clinical expericnce of the authors in the fields of otology and 
dermatology. This book provides an integrated otologic and 
dermatologic background for an understanding of the mani- 
fold and diverse diseases which affect the external car, exam- 
ining and illustrating clearly the anatomy and histology of the 
external ear. It reviews the techniques for examination, de- 
scribes and illustrates in 220 color and 90 black and white 
illustrations the diagnosis of the common and the unusual 
diseases and disorders which affect the car. Detailed and 
specific recommendations for prophylaxis and therapy are 
provided. This useful handbook will help all medical practi- 
tioners—from otologists and dermatologists to pediatricians 
and family practitioners—manage diseases of the external 
ear. 


CHAPTER HEADINGS: Anatomy and Histology. Tech- 
niques of Examination. Principles of Therapy and Prophy- 
laxis. Diseases Due to Infection. Psychocutancous Diseases. 
Allergic Diseases. Discases Due to Trauma. Foreign Bodies 
(Vegetable, Mineral and Animal). Geriatric Changes. Meta- 
bolic and Endocrine Disorders. Discases of Unknown Etiol- 
ogy. Malformations. Cysts, Tumor-like Lesions and Tumors. 
Appendices. Index. 


1980, 204 pp., illus. $30.00 ISBN: 0-8089-1249-6 


GRUNE & STRATTON 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 


Year 








— copies, Senturia: Diseases of The Ex- 
ternal Ear, $30.00 
Please check one box: 
[J] Payment enclosed (Free postage and 
handling. Add applicable sales tax.) 
C] Visa [] Master Charge” 
[] American Express [Q] Diner’s Club 
Charge Card No. 
NAME 
(please print) 
AFFILIATION 
ADDRESS 


CITY/STATE/ZIP 


Author. 
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On prepaid orders, payment will be re- 
funded for titles on which shipment is 
not possible within 120 days. Prices are 
in U.S. dollars and subject to change 
without notice. 
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Hearing Health Team Conference 


Jet to the heart of the Caribbean-See 6 ports in 7 days 


An outstanding faculty will The Sun Princess offers gracious 
present a program which service, award winning cuisine 
includes: the Otologic — dazzling entertainment, and 
Evaluation, Auditory Test sparkling pool 

Batteries, New Frontiers in Save $205 on Air Fare 

Hearing Aid Technology, and Princess Cruises will credit $205 


Business Aspects of the toward your transportation to 
Professional Practice and from San Juan 


Continuing Education Tax deductible under the Tax 
Credit Available Reform Act of 1976 


Sponsored By 


OREGON STATE UNIVERSITY ° STARKEY LABORATORIES IN C. 
May 2-9, 1981 












WINTER MEETING — 1981 





March 1-7, 1981 
MONT TREMBLANT LODGE 
Quebec, Canada 
DEPARTMENTS OF OTOLARYNGOLOGY 
UNIVERSITY OF TORONTO 


and 


UNIVERSITY OF PITTSBURGH 


The distingu:sked faculty will cover a wide range of topics during early morning and late afternoon 
sessions. Informality with registrant participation encouraged. 


Mont Tremb ant Lodge is an unique French Canadian “village” resort 80 miles north of Montreal. 


Excellent downhill and cross-country skiing facilities. 


ENROLLMENT LIMITED TO 100 


Registration Fee: $240 (Canadian) 
Resident Registration Fee: $190 with letter of recommendation from departmental chief. 
AMA Category I — 18 hours. 


For further information, write: William S. Crysdale, MD, 555 University Avenue, Suite 6118, Toronto, 
Canada M5G 1X8. 






THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE 
OF THE 
MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 

Annoance a Postgraduate Course 
TEM?CRAL BONE SURGERY 
Under the Direction of 
Simon C. Farisier, MD, Joel Shugar, MD 
and Guest Faculty 
March 2-6, 198] 

Monday through Thursday: 9 AM - 6 PM 
F-iday: 9 AM - Noon 
(Four and one-half Sessions) 


This intensive five dey basic laboratory course is designed 
to familiarize otolaryngologists with the surgical anatomy 
of the tempozal bone which is essential for the application 
of operative techriques currently utilized in managing 
diseases of the tem o-al bone. Fresh cadaver material and 
operating microsccpes will be available. 


FEE: $800 


This course will be given at the Mount Sinai Medical 
Center, New York City. 


Apply to: Directo-, The Page and William Black Post- 
Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New York, NY 
10029. Tel: (£12) 650-6737. A57 
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TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 
Ann Arbor, Michigan 


Malcolm D. Graham, MD., Course Director 


Jan. 12-16, 1981; March 2-6, 1981; May 4-8, 1981; 
June 1-5, 1981; Oct. 19-23, 1981; Nov. 30-Dec. 4, 1981. 


These intensive one-week courses will emphasize 
surgical and anatomical approaches to temporal 
bone and will be presented in a manner relevant for 
the otologic surgeon, utilizing lectures and video- 
tape presentations of surgical techniques, as well as 
temporal bone dissection. 


Both mornings and afternoons will be spent in the 
dissection laboratory, thereby giving extensive drill- 
ing experience in both temporal bone anatomy and 
surgical techniques. Lectures and demonstrations 
will be rovided by members of the faculty of the 
Dept. of Otorhinolaryngology and Kresge Hearing 
Research Institute, hereby uniquely blending basic 
science and clinical otologic instruction. Drill hand- 
pieces and dissection instruments will be provided. 

FEE — $1000 for each physician 

50 Hours Category I CME Credits 
For further information contact: Malcolm D. Graham, 
MD, Dept. of Otorhinolaryngology, Kresge Hearing 
Research Institute, University of Michigan Medical 


Center, Ann Arbor, MI 48109, (313) 764-4131 or (313) 
763-5115. A45 









THE JOURNAL OF 


LARYNCGCOLGGY AND OTOLOG?. 


(Founded in 1887 by MORELL MACKENZIE and NORRIS WOLFENDEN) 


Edited by 
JOHN BALLANTYNE 


Assisted by David Wright and John Booth 
Advisor in Pathology: Professor Imrich Friedmann 


The first British Journal dealing with this Specialty. 


Annual subscriptien £30. USA $75.00 including postage. 
Single copies - £5. USA $12.75 


HEADLEY BROTHERS 
THE INVICTA PRESS, ASHFORD, KENT, 
ENGLAND 


or from STECHERT-HAFNER, INC., 31-33 East 10th Street, New York 





American Hearing Research Foundation 


Mid-Winter Symposium 
Practical Clinical 


Testing in Otology 


February 22 - March 1, 1981 
ASPEN, COLORADO - WILDWOOD INN, SNOWMASS 


FACULTY 
Program Chairman: Jack D. Clemis, M.D. Northwestern University Medical School, Chicago, Illinois 
Director of Continuing Medical Education, American Hearing Research Foundation 
Program Co-ordinator: Robert M. Meyers, M.D. University of Iilimois Medical School, Chicago. Illinois 


Roger L. Crumley, M.D. John M. Fredrickson, M.D. 
University of California, San Francisco Medical Center University of Toronto Medical School 
San Francisco, California Toronto, Canada 

Antonio De la Cruz, M.D. Galdino E. Valvassori, M.D. 
University of Southern California Medical School University of Illinois Medical School 
Los Angeles, California Chicago, Illinois 

Robert J. Keim, M.D. Darrel L. Teter, Ph.D. 

University of Tennessee Medical Schoot Denver, Colorado 


Memphis, Tennessee 


REGISTRATION FEE: $325/APPROVED FOR A.M.A. CREDIT — CATEGORY 1-30 HOURS 
3 units (30 hours) continuing education credits from American-Speech Language-Hearing Association. 


Write: 
AMERICAN HEARING RESEARCH FOUNDATION 
Suite 2105/55 E. Washington Street / Chicago, Illinois 60602 
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Tomorrow's audiometer? 
Teledyne Avionics has it today. 


Teledyne Avionics’ TA-200 is the ultimate in 
sophisticated audiometers. Advanced technology 
and quality craftsmanship have been combined 
to provide you with an outstanding instrument. 


Features include: 
e microprocessor controlled 


e two independent channels 

e eleven discrete frequencies per channel 

e wide, narrow and speech band noise 

e built-in warble 

e built-in SISI 

For specifications on the TA-200 and complete 
information on Teledyne Avionics’ impedance 
and ERA instruments, write: 


© TELEDYNE 
AVIONICS 


P. O. Box 6400 
Charlottesville, VA 22906 
(804) 973-3311 





AU-2-80 


ACADEMIC POSITION IN OTOLARYNGOLOGY 


East Tennessee State University 


Teaching, clinical practice, research 
at 
College of Medicine, Practice Center 
and 
Veterans Administration 


Review of applications will begin December 1980 and will continue until the position is 


filled. 


Applications with a currect curriculum vitae should be sent to: Floyd B. Goffin, MD, 
Professor and Director, Division of Otolaryngology, ETSU College of Medicine, Box 
19, 750A, Johnson City, TN 37601. 


ETSU is an Equal Opportunity Affirmative Action Employer. 
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THIRD INTERNATIONAL WORKSHOP 
NEUROLOGICAL SURGERY OF 
THE EAR AND SKULL BASE 


sponsored jointly by 


EAR RESEARCH FOUNDATION OF FLORIDA 


and the 


EAR RESEARCH INSTITUTE 


February 14 — 20, 1981 
Newporter Inn 
Newport Beach, California 


The pooular, biennial workshops provide aforum 
where the neurosurgeon and the otolaryngolo- 
gist can discuss the numerous problems in which 
their expertise overlaps. Leaders in each spe- 
cialty will give new insight into the latest available 
diagnostic and treatment modalities. 


ORGANIZING COMMITTEE 


Los Angeles: 
Derald =. Brackmann, M.D., Chairman 
William F. House, M.D. 

William E. Hitselberger, M.D. 

Patrick J. Wade, M.D. 


Sarasota: 
Herbert Silverstein, M.D. 
Horace Norrell, M.D. 


FACULTY 
Neurotolegy and Otolaryngology 
Derald E Brackmann, M.D. 
Jack D. Clemis, M.D. 

John J. Conley, M.D. 
Antonio De La Cruz, M.D. 
Ugo Fiseh, M.D. 

Michael E. Glasscock III, M.D. 
John W. House, M.D. 
William F. House, M.D. 

Sam E. Kinney, M.D. 

Brian F. McCabe, M.D. 

Mark May, M.D. 

Andrew Morrison, M.D. 
Ralph A Nelson, M.D. 

Jerald \. Robinson, M.D. 
Herbert Silverstein, M.D. 
Mansfield F.W. Smith, M.D. 
Harvey M. Tucker, M.D. 


Other Specialties 


Robert Levine, M.D. 
James Nelson, M.D. 
Richard M. Witten, M.D. 


Neurosurgery 
Ronald |. Apfelbaum, M.D. 
John P. Girvin, M.D. 
William E. Hitselberger, M.D. 
Yoshio Hosobuchi, M.D. 
Peter Jannetta, M.D. 
Theodore Kurze, M.D. 
Edward Laws, M.D. 
Leonard A. Malis, M.D 
Horace Norrell, M.D. 
Donald R. Olson, M.D. 
Robert W. Rand, M.D. 
Albert L. Rhoton, M.D. 
Oscar Sugar, M.D. 
Patrick J. Wade, M.D. 
Martin Weiss, M.D. 
M. Gazi Yasargil, M.D 


Don Dalessio, M.D. 
Don Eiddington, Ph.D. 
E.W. Jonnson, Ph.D. 
Grant Hyashima, M.D. 


Category | Credit — 32 hours 
Fees: 

$500 — Practicing Physician 
$250 — Residents, Fellows, 
Armed Services 


For further information write: 
Neurological Workshop 

c/o Ear Research Institute 
256 South Lake Street 

Los Angeles, CA 90057 

(213) 483-4431 
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FLORIDA MIDWINTER. 
SEMINAR IN 
OTOLARYNGOLOGY 


February 5-7, 1981 
Doral Beach Hotel, Miami Beach 


Otolaryngology Update 


Faculty 


Charles L. Dupin, MD 
Tulane University, New Orleans, 


Richard R. Gacek, MD 
State University of New York, Syracuse 
John M. Fredrickson, MD 
University of Toronto, Canada 


Michael E. Glasscock III, MD 
Vanderbilt University, Nashville 


Robert A. Jahrsdoerfer, MD 
University of Virginia, Charlottesville 


The Florida Midwinter Seminar in Ophthalmology and 
Otolaryngology is cosponsored by the University of Florida Col- 
lege of Medicine (Gainesville), the University of Miami School of 
Medicine (Miami), and the University of South Florida College of 
Medicine (Tampa). 


Registration Fee: 
$225 — practitioners 
$100 — residents upon application from their Department Head. 


Program is accredited by the Council of Medical Education of the 
AMA, Category 1 of the Physician’s Recognition Award. 


Mail registration fee (US dollars only) payable to “Florida Mid- 
winter Seminar,” 405 Northeast 144th Street, Miami, FL 33161. 


Special reduced rates have been arranged with the Doral Beach 
Hotel, 4833 Collins Avenue, Miami Beach, FL 33140. A59 





THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE 
OF THE 
MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
HEAD AND NECK SURGERY 
Under the Direction of 


Hugh F. Biller, MD 


and Faculty 


February 16-20, 1981, Monday through Friday 
8 AM - 5 PM — 5 Sessions 


This course will concentrate on neck surgery. Lectures and 
cadaver dissection will be utilized to demonstrate partial laryngec- 
tomy and laryngopharyngectomy, total laryngectomy and 
laryngopharyngectomy, laryngotracheal autograft, phar- 
yngetomy, arytenoidectomy, diverticulectomy, post-traumatic 
laryngeal and tracheal repair, thyroidectomy, various procedures 
for vocal cord reconstruction, pedicle flap reconstruction for oral 
and hypopharyngeal lesions, parotidectomy, rhinotomy and max- 
illectomy. 


Maximum: 12 persons 
FEE: $1200 


This course will be given at the Mount Sinai Medical 
Center, New York City. 


Apply to: Director, The Page and William Black Post- 
Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New York, NY 
10029. Tel: (212) 650-6737. A58 
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Evoked potential instruments generate very 
high-voltage,high-frequency signals (e.g., digital 
pulses, CRT deflection signals, stimulus pulses) in 
close proximity to the very low-voltage signal from 
the patient. Therefore, designing a “noise-free” 
evoked potensial instrument presents a challenge to 
the engineer. 

Figs. 2 and 3 illustrate two particularly trouble- 
some types of noise interference in evoked 
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potential instruments. Artifacts created by the 
instruments digital system (Fig. 2) cause problems 
because the digital system generates many very 
high-frequency transients (particularly at sweep 
onset) which are time-locked to the average. In 
auditory evoked potential recording, earspeaker 
artifacts also create problems (Fig. 3), because the 
earspeaker is an excellent electromagnetic radiator 
located close to the patient electrodes. 





DIGITAL SYSTEM EARSPEAKER 
a EEEN > | 
STIM. 5 10 MSEC STIM. 5 10 MSEC 
Figure 1. Auditory brainstem response (ABR) Figure 2. Some as Figure 1, except a ground-loop Figure 3. Same as F gure l, except the earspeaker 
recordet from vertex (ipsilatercl earlobe reference) was created in the digital-system shield ground (a shield ground lead was routed to common ground 
Each trace is a separcte average of 1,000 responses defect commonly encountered in evoked potential through instrument chassis rather than directly. Click 


Upward deflection represents vertex positivity. The 80 systems). The ABR is now superimposed on a large artifact radiated from earspeaker appears as a negative 
dB HL click stimulus was deliverec by an electrostati- artifact which appears as a sharp negative deflection at spike at stimulus onset. The trailing ed this spike 
cally - electromagnetically shielced headset. The click the beginning of the average followed by a slow returr istorts the tirst ABR wave 
was delayed two milliseconds from the averaae onset to baseline. Also, very high frequency digital-syster 

noise appears on the trace as “hash” 


To minimize noise interference in the Life-Tech 
8000 series evoked potential instruments, we 
incorporated extensive internal electrostatic and 
electromagnetic shielding and decoupled all 
internal power supplies to prevent them from 
becoming noise-conducting pathways. We also 
carefully pre-planned the chassis layout to 
maximally separate high- and low-voltage sources 
and to make a'l ground paths as short as possible. 
We also designed the shield ground circuits to 
separate the ground paths for the digital and the 
low-level analog subsystems. Also, we installed 
pulse-smoothing ferrite beads at critical points on 
the digital-system circuit boards. 

We take considerable pride in the high quality of 
Our 8000 series evoked potential instruments. We 
think they are unsurpassed in their ability to deliver 
noise-free recordings, not only under ideal laboratory 
conditions but also in such demanding 
environments as the out-patient clinic and the 
intensive care unit. 





Life-Tech 
Instruments, Inc. 


BOX 36221- HOUSTON. TEXAS 77036 - (713) 783-6490 


NOLAMINE ~ 


(TIMED RELEASE TABLET) 





“A BRIGHT NEW DAY” 


Symptomatic relief in nasal congestion associated 
witn the common cold, in sinusitus, in hayfever 
and other allergies. 


References: 1. Grollman, A., ‘How Drugs Work; The antihistamines,” Consultant, Volume 14, No. 8: pp 
102-104, 1974. 2. Martindale: The Extra Pharmacopoeia, 26th Edition: pp 1537, 1559-1560, The 


Pharmaceutical Press 1972. 3. Osol, 


A., Pratt, R., and Altschule, M.D.: The United States 


Dispensatory and Physicians’ Pharmacology, 26th Edition: p 884, J.B. Lippincott Company 1967. 4. 
Drills’ Pharmacology in Medicine, 4th Edition: p 1007, McGraw-Hill Book Company 1971. 


EACH NOLAMINE TABLET CONTAINS: 


Phenindamine tartrate ......cce0seeceees 24 mg. 
Chlorpheniramine maleate .............. 4 mg. 
Phenylpropanolamine hydrochloride ..... 50 mg. 


Formulated to provide 8 to 12 hours of continuous 
relief. 


DOSAGE: Usual adult dose: Orally, one tablet every 
8 hours. In mild cases, every 10 to 12 hours. 


CAUTION: Federal law prohibits dispensing without 
prescription. 


SIDE EFFECTS: Drowsiness, tremors, dizziness and 
nervousness may occur occasionally. 


PRECAUTIONS: Antihistamines may cause drow- 
siness and should be used with caution in patients 
who operate motor vehicles or dangerous 
machinery. Use with caution in patients with 
hypertension, hyperthyroidism or cardiovascular 
disease. 
PACKAGING: Bottles of 50 and 250 pink timed- 
release tablets. 

CARNRICK LABORATORIES, INC. 


Pharmaceuticals sence 1899 
65 HORSE HILL ROAD, CEDAR KNOLLS, NJ 07927 





FELLOWSHIP 
Facial Plastic and Cosmetic Surgery 


In a newly >reated Department of Cosmetic 
and Aesthetic Surgery. 


Yearly case load of over 1500 procedures. 
Experience in both hospital and office 
based surgery. 


Position starts July, 1981. Candidate must 
have completed an otolaryngology residen- 


cy. 


Call or wri-e: Julius Newman, MD, Chair- 
man, Department of Cosmetic and Aesthe- 
tic Surgery, The Graduate Hospital (Af- 
filiated with the University of Pennsylvania 
Schoo! of Medicine), 1 Graduate Plaza, 
Philadelphia, PA 19146, (215)896-6677. 





ANNALS 
OF 
OTOLOGY, RHINOLOGY 
AND 
LARYNGOLOGY 


NOTICE TO SUBSCRIBERS 


In order to te assured of prompt receipt of 


your journals please send ADDRESS CHANGES 
30 days prior to effective date to: 


ANNALS PUBLISHING COMPANY 
4949 Forest Park Boulevard 
S-. Louis, MO 63108 


Postage costs have become prohibitive and 
every returned “address unknown” journal 
adds to these costs. 

A60 





xxvii 


INDEX TO ADVERTISERS 


Annals Publishing Company 
American Hearing Research 


Burroughs Wellcome Co. 


Carnrick Laboratories 

Dow Pharmaceuticals 

Ear Research Foundation of Florida 
Ear Research Institute 

East Tennessee State University 
Florida Midwinter Seminar 
Graduate Hospital, Philadelphia 
Grason-Stadler, Inc. 

Grune and Stratton 

Journal of Laryngology and Otology 


Life Tech Instruments Inc. 


Michigan, University of, Medical School 


Mount Sinai School of Medicine 
Nicolet Instrument Corp. 
Pittsburgh, University of 


Richards Manufacturing Co., Inc. 


Richard Wolf Medical Instruments Corp. 


Sandoz Pharmaceuticals 


Schering Corp. 


Smith, Kline and French Laboratories 


Starkey Laboratories 
Teledyne Avionics 

Toronto, University of 

WR Medical Electronics Co. 
Wyeth Laboratories 

Xomed 


Zeiss, Carl, Inc. 


xxvii 


xxii 


ii, vii, viii, ix, xv, xvi, xvii, 


fourth cover 


Xix 


XXV 


iii 


xxviii, third cover 


XX 


xxiii 


xxi 


second cover 


Every precaution is taken to insure accuracy, but we cannot guarantee 
against the possibility of an occasional change or omission in the prepara- 


tion of this index. 


U.S. POSTAL SERVICE 






STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 
(Required by 39 U.S.C. 3685) 


[TITLE OF PUBLICATION 
ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY| 0 [o [o [3|4l|s8|9|8]| 10/21/80 


3. FREQUENCY OF ISSUE A. NO. OF ISSUES PUBLISHED/|B. ANNUAL SUBSCRIPTION 
ANNUALLY p 


$42.06 - Domestic 
) (Not printers) $46.00 m Foreign 
















> i BO L a 
4. LOCATION OF KNOWN OFFICE OF PUBLICATION (Street, City, County, State and 


4949 Forest Park Blvd., St. Lou MO 63108 


5. LOCATION OF THE HEADQUARTERS OR GENERAL BUSINESS OFFICES OF THE PUBLISHERS (Not printers) 


949 Fore Park Bivd ouis. MO 63108 
6. NAMES AND COMPLETE ADDRESSES OF PUBLISHER, EDITOR, AND MANAGING EDITOR 









ZIP Code 








PUBLISHER (Name and Address) 


Annals Publishing Compan 4949 Forest Park Blvd St, Loui MO 63108 


EDITOR (Name and Address) 


Ren H er La MD 949 ore Park BR d ouj MO à Os 


MAN/GING EDITOR (Name and Address) 
Mrs Bess E, Arick, 4949 Forest Park Blvd S oui MO 6 ~ 


7. OWNER (If owned by a corporation, its name and address must be stated and also immediately thereunder the names and addresses of stock- 
hoiders owning or holding 1 percent or more of total amount of stock, If not owned by a corporation, the names and addresses of the individual 
owners must be given. If owned by a partnership or other unincorporated firm, its name and address, as well as that of each individual must be 
giving. If the publication is published by a nonprofit orgenization, its name and addressmust be stated.) 


NAME ADDRESS 


OMPANS 949 Forest Park, St. Louis, MO 63108 















ANNA 
M Ma ace Coope 364 Pershing Ave., St. Louis, MO 63130 
ate of Irene L. Cohn, MortomD. Baron, —s—CSC—‘“<‘<‘<; CR 


l Mercantile Center, St. Louis, MO 63101 


8. KNOWN BONDOHOLDERS, MORTGAGEES, AND OPHER SECURITY HOLDERS OWNING OR HOLDING 1 PERCENT OR MORE OF 
TOTAL AMOUNT OF BONDS, MORTGAGES OR OTHER SECURITIES (If there are none, so state) 













9. FOR COMPLETION BY NONPROFIT ORGANIZATIONS AUTHORIZED TO MAIL AT SPECIAL RATES (Section 132.122, PSM) 
The purpose, function, and nonprofit status of this organszation and the exempt status for Federal income tax purposes (Check one) 


HAVE NOT CHANGED DURING HAVE CHANGED DURING (If changed, publisher must submit explanation of change 
PRECEDING 12 MONTHS PRECEDING 12 MONTHS with this statement.) 


AVERAGE NO. COPIES EACH ACTUAL NO. COPIES OF SINGLE 
10. EXTENT AND NATURE OF CIRCULATIOW ISSUE DURING PRECEDING ISSUE PUBLISHED NEAREST TO 
12 MONTHS FILING DATE 
A. TOTAL NO. COPIES PRINTED (Net Press Run) s 
[A Torat No comes pminreo eiF Run 5,800 5,800 
B. PAID CIRCULATION 
1. SALES THROUGH DEALERS AND CARRIERS, STREET 
VENDORS AND COUNTER SALES 21 
2. MAIL SUBSCRIPTIONS 
5 AEA Anon a | ei oi 
5.561 5,468 
D. FREE DISTRIBUTION BY MAIL, CARRIER OR OTHER MEANS 
SAMPLES, COMPLIMENTARY, AND OTHER FREE COPIES 100 108 
5,641 5.970 
> 
F. COPIES NOT DISTRIBUTED 
1. OFFICE USE, LEFT OVER, UNACCOUNTED, SPOILED 
AFTER PRINTING 159 224 


2 RETURNS FROM NEWS AGENTS 








11. I certify that the statements made by me 


above are correct and complete. / 7 r E E, Rditor 
P £ -vL Le; j A Á` ‘ 


12. FOR COMPLETION BY PUBLISHERS MAILING AT THE REGULAR RATES (Section 132.121, Postal Service Manual) 
39 U. S. C. 3626 provides in pertinent part: “No persen who would have been entitied to mail matter under former section 4359 of this title 


shall mail such matter at the rates provided under this subsection unless he files annually with the Postal Service a written request for permission 
to mail matter at such rates.” 


In accordance with the provisions of this statute, | hereby request permission to mall the publication named in item 1 at the phased postage 
raves presently authorized by 39 U.S. C. 3626. 


SIGNATURE ANJ TITLE OF EDOR, PUBLISHER, BUSINESS MANAGER, OR OWNER 
rd paaa m 
a vt . + Editor 
LAY $ EUL ow z 
PS Ferm 


Aug. 1978 3926 (Page 1) (See instructions on reverse) 





a 


4 
t 


i 
| 
. 
; 


*Ornade’ has been evaluated as lacking in 


* op Ache, 


substantial evidence of effectiveness for this 


indication. See brief summary 





the 





dependable 


decongestant 





ORNADE 


Each Spansule” capsule contains 8 mg. chlorpheniramine maleate, 50 mg. phenylpropanolamine HCl, 


and isopropamide iodide equivalent to 2.5 mg. isopropamide. 


Seldom causes drowsiness 


(3% incontrolled studies) 


Seldom causes excessive dryness 


(6% in controlled studies) 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indicabons 

Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or ether 
information. FDA has classified the indications as follows: 
Possib’y effective: For relief of upper respiratory tract 
congestion and hypersecretion associated with 
vasomotor rhinitis and allergic rhinitis, and for prolonged 


relief. 

Lacking in substantial evidence of effectiveness: For 
relief cf nasal congestion and hypersecretion associated 
with the common cold and sinusitis. 

Final classification of the less-than-effective indications 
requires further investigation 


Contraindications: Hypersensitivity to any component; 
concurrent MAO inhibitor therapy; severe hypertension, 
bronchial asthma; coronary artery disease; stenosing peptic 
ulcer; pyloroduodenal or bladder neck obstruction. Children 
under 6 

Warnings: Caution patients about activities requiring alert- 
ness (e.g., operating vehicles or machinery). Warn patients 


SI SF 


a SmithKhee company 


© SmithKline Corporation, 1980 





of possible additive effects with alcohol and other CNS 
depressants. 

Usage in Pregnancy: In pregnancy, nursing mothers and 
women whounight bear children, weigh potential benefits 
against hazards. Inhibition of lactation may occur 


Effect on PBI Determination and |'*' Uptake: |sopropamide 
iodide may alter PBI test results and will suppress |'*' uptake. 
Substitute thyroid tests unaffected by exogenous iodides. 


Precautions: Use cautiously in persons with cardiovascular 
disease, glaucoma, prostatic hypertrophy. hyperthyroidism. 


Adverse Reactions: Drowsiness, excessive dryness of nose, 
throat or mouth; nervousness; or insomnia. Also, nausea, 
vomiting, epigastric distress, diarrhea, rash, dizziness, 
weakness, chest tightness, angina pain, abdominal pain, 
irritability, palpitation, headache, incoordination, tremor, 
dysuria, difficulty in urination, thrombocytopenia, leukopenia, 
convulsions, hypertension, hypotension, anorexia, constipa- 
tion, visual disturbances, iodine toxicity (acne, parotitis). 
Supplied: Bottles of 50 and 500 capsules; in Single Unit 
Packages of 100 (intended for institutional use only). 


Smith Kline GFrench Laboratories 
Philadelphia, Pa. 












The choice 
is yours... 


Please specify 
according to your 
patient's condition 
and need. 













J - . 
-eert AA EISA 





p A a "a 
Cortisporin Otic Cortisporin Otic 
SOLUTION Sterile SUSPE NSION Sterile 


(polymyxin B-neomycin-hydrocortisone) (polymyxin B-neomycin-hydrocortisone) 


The clear solution The white suspension 


Burroughs Wellcome Co. 
heal Research Triangle Park 
Wellcome North Carolina 27709 





ELECTROCOCHLEOGRAPHY AND AUDITORY 
BRAINSTEM ELECTRIC RESPONSES IN PATIENTS 
WITH PONTINE ANGLE TUMORS 


J. J. Eggermont, PhD 
M. Don, PhD 
D. E. Brackmann, MD 





Supplement 75 — Vol. 89, November-December, 1980, No. 6, Part 2 


THE ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


THE ANNALS PUBLISHING COMPANY 
4949 FOREST PARK BLVD. 
ST. LOUIS, MISSOURI 63108 


COPYRIGHT 1980, ANNALS PUBLISHING COMPANY 


ELECTROCOCHLEOGRAPHY AND AUDITORY BRAINSTEM 
ELECTRIC RESPONSES IN PATIENTS WITH PONTINE 
ANGLE TUMORS 


J. J. EGGERMONT, PhD 
NIJMEGEN, THE NETHERLANDS 
D. E. BRACKMANN, MD 


Los ANGELES, CALIFORNIA 


M. DON, PhD 


Los ANGELES, CALIFORNIA 


In 45 patients with surgically proven pontine angle tumors, compound action potential (AP) and summating potential (SP) were re- 
corded with transtympanic electrocochleography (ECochG) together with brainstem electric responses (BSER). The aims were to quantify 
the mechanism by which tumors cause hearing loss and to evaluate the diagnostie potentials of ECochG and BSER for detecting eighth 
nerve and brainstem tumors. Except for AP latency and marrow band AP waveform, response parameters recorded by ECochG are uncor- 
related. Four uncorrelated parameters were abnormal im only 10% of the cases, three in 25% , two in 40% , and one in 90%. 


The BSER criterion was the latency delay between waves I and V and resulted in about 90% detection, improving to 95% when used 
in combinatien with the interaural wave V delay criterion. 


ECochC results provide evidence that, for hearing lesses up to 60 dB HL, the origin is cochlear, resembling that caused by Menieére’s 
disease. Evidence is presented that the increase in I-V delay in the BSERs is caused by differential action of the tumor upon low and high 
frequency fibers in the auditory nerve and that desynchronization of the firings of the nerve fibers is of more importance than an increase in 
neural conduction time. 


ECochG as the sole test for detection of pontine angle tumors appears to be of limited value. Brainstem response on its own has great 
merits; however, it should be emphasized that no wave I was detected in about 30% of the cases. The 95% detection score obtained with 


BSER depends on specifying the latency of wave I. For these cases, we substituted the latency of the AP recorded by ECochG. 


INTRODUCTION 


The ult mate goal of all diagnostic procedures for 
eighth nerve tumors is early detection. Of the avail- 
able new screening methods with minimal discomfort 
for the patient, electroaudiometric tests seem most 
promising. Some potentially important claims have 
been mace about the diagnostic value of electro- 
cochleography (ECochG) and auditory brainstem 
electric responses (BSER). In particular, Gibson 
and Beag ey,'’ studying transtympanic ECochG in 
89 patients with proven retrocochlear lesions and 
later Morrison et al studying more of these pa- 
tients, claim detection scores as high as 89% (11% 
false negatives), with about 20% false positives. 
Their criteria were broadening of the compound ac- 
tion potential (AP) waveform, preservation of a 
clear cochlear microphonic (CM) potential, and 
observation of APs for stimulus levels below the 
hearing toreshold of the patient. The authors admit 
that broed AP waveforms also occur in Meniére’s 
disease amd that the CM preservation also occurs in 
pure cochlear hearing loss. They also acknowledge 
that in only 27% of patients in their series was the 
peripheral “hearing” threshold more tham 15 dB 
lower than the subjective one. The authors reached 
their hign scores by combining evidence from all 
three criteria. 


Brackmann and Selters* were less optimistic 
about the usefulness of ECochG in the diagnosis of 
eighth nerve tumors. They also encountered prob- 
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lems with the similarity of AP waveforms in eighth 
nerve tumors to those in Menieére’s disease. 


In a series of 23 confirmed acoustic neuromas, 
Clemis and Mitchell> considered the diagnostic 
merits ef latency, amplitude, and waveform of the 
click-ewoked AP and concluded that ECochG is of 
little value in the differential diagnosis of the 
tumors. Odenthal and Eggermont® studied addi- 
tional parameters, including latency-intensity and 
amplitude-latency relationships, that in eighth 
nerve tumors were frequently found outside the 
range tor normal ears and for ears with Meniére’s 
disease. In further studies of a series of 14 patients 
with various types of pontine angle tumors, they 
found that the ECochG thresholds were consider- 
ably better than the subjective ones in 50%.7% 
These studies also revealed evidence that the nar- 
row band contributions to the compound AP in tu- 
mor ears were monophasic in shape, as opposed to 
diphasic and N1, N2-type responses found in Men- 
iere’s disease. These findings appeared potentially 
useful in the detection of pontine angle neurinoma. 


However, a subsequent report by Innitzer’ dem- 
onstrated that the presumed abnormalities for the 
amplitude-latency relationship did not apply to his 
series of tumors. Thus, whether Innitzer’s findings 
are representative of eighth nerve tumors or wheth- 
er the claims made for diagnostic criteria are useful 
in practice remains unanswered. —— 


Since the advent of BSER, the’ usefulness of ‘this 
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technique in differentiating eighth nerve tumors 
from other ccnditions, such as Meniere's disease, 
has been tested in several series of patients. Reports 
of Starr and Hamilton,'® Thornton and Hawkes,!'! 
and Terkildser et al,'? on small series were followed 
by reports or larger series: Rosenhammer' de- 
scribed findings in 29 patients, Clemis and Mitch- 
ellS discussed -esults obtained in 23 patients with 
acoustic meurcmas, and Selters and Brackmann"™ 
reported the results of BSER in 46 tumer cases. 
While Rosenha nmer considered the general morphol- 
ogy and the ability to reproduce the response, Sel- 
ters and Brackmann elaborated on the quantitative, 
ie, numerical Getection criteria based on the latency 
differences for waves V recorded from the tumor 
ear and the other ear. An experimentally obtained 
correction factor for differences in the audiograms 
was found to be necessary. A corrected interaural 
wave V latency difference of 0.2 msec was estab- 
lished, resultirg in a 91% (9% false negatives) 
detection score and also allowing about 10% false 
positives to be tested subsequently. In these 10% 
false positives, an abnormally long interaural laten- 
cy difference for waves V was found but contrast 
x-ray techniques could not demonstrate a tumor. 
Clemis and McGee'> used the interaural latency dif- 
ference as a diagnostic criterion and reported two 
false negative cases in 27 surgically proven tumor 
cases, 


The correction criterion of Selters and Brack- 
mann'* was arbitrarily drawn for good balance be- 
tween uncetecced and falsely detected tumors. 
Ideally, a correction criterion should depend only 
on the validity of the brainstem potential genera- 
tion and should not be influenced by cochlear or 
middle ear paticlogy. The I-V delay, which ap- 
pears to be independent of stimulus levels’® and site 
of generation along the cochlea,'’ may be an ideal 
criterion if it can be shown to be independent of 
cochlear pathology. Another recently proposed cri- 
terion does not require the actual identification of 
the various waves, which in eighth nerve tumors 
can be a particularly difficult problem, but is based 
on the deconvo ution of the BSER with the AP to 
yield a compound impulse response of the brain- 
stem."® 


This study presents a complete report of the 
ECochG and BSER findings in a group of 45 surgi- 
cally confirmed pontine angle tumors, 42 of which 
were eighth nerve tumors. Effects of the tumor on 
the auditory periphery will be compared to those 
thought to be of pure cochlear origin. Whether 
ECochG offers cues to the detection of a tumor 
(cues which can not be explained by the amount and 
type of cochlear hearing loss, ie, the loss found by 
ECochG) will te discussed. The usefulness of the 
I-V delay in the ESER for tumor detection will be 
evaluated against and in combination with the in- 
teraural wave V latency difference. 


TABLE 1. DISTRIBUTION OF TUMOR SIZES 


Speech 
Discrimination 
Size (cm Number SRT (dB)* % 

Mean SD Mean SD 

1 4 31 21 67 45 

l to 2 14 42 16 55 39 
2to3 15 48 26 52 35 
oo 12 45 27 65 38 


*SRT value is the average pure tone threshold for the three speech fre- 
quencies (0.5, 1 and 2 kHz). 


The combination of results of brainstem re- 
sponses with results of ECochG should yield a pre- 
cise description of the type of hearing loss produced 
by the tumor. Correlations of these results with size 
and type of the tumor will be noted. Finally, an 
estimate of the smallest tumors detectable by elec- 
troaudiometry will be given to answer the question, 
“Is early detection of eighth nerve tumors possible 
after all?” 


METHODS 


Survey of Patient Material. All patients were studied at the Ear 
Research Institute (ERI) in Los Angeles, California, from January 
1977 to May 1978, and were referred by the Otologic Medical 
Group, Inc. (OMG), in Los Angeles. Prior to the investigations at 
ERI, the diagnosis of a pontine angle tumor had been established 
at OMG and surgery had been scheduled. The patients were 
asked to participate in this study if their general condition al- 
lowed it. They were informed that the results of this investigation 
would not affect their surgery. About 40% of the patients who 
underwent surgery participated in this research program. 


The tests conducted at OMG which led to the final diagnosis of 
a tumor were audiometry, speech discrimination, impedance and 
stapedius reflex, including the reflex decay,'? BSER,' elec- 
tronystagmography with particular attention to saccadic eye 
movements, x-rays, and/or computerized tomography of the tem- 
poral bones. When results of diagnostic tests and general otologic 
and neurologic examinations raised suspicion of a tumor, a 
myelogram was obtained. It should be emphasized, therefore, 
that we had full knowledge of the presence of the tumor and of 
the audiogram and BSER test results obtained at OMG when we 
examined the patients at ERI with our ECochG and BSER tests. 


The 45 tumors consisted of 42 eighth nerve tumors with the 
final pathological diagnosis of neurilemmoma, 1 subarachnoid 
cyst (0.5 cm), one petrosal meningioma (3 cm), and one pontine 
glioma (2.5 cm) protruding into the pontine angle with the 
microscopic diagnosis of astrocytoma, grade 1-2. One eighth 
nerve tumor occurred in a patient with von Recklinghausen’s 
neurofibromatosis whose tumor in the other ear was not included 
in this series. All tumors were considered as a group and any 
deviation in the four typical cases is mentioned. 


A survey of the sizes of the tumors (Table 1) indicates that 
about half were large (above 2.5 cm) and only four, including the 
subarachnoid cyst, were small. 


The tumor size determined at surgery was correlated with the 
audiometrical profile drawn about a week prior to surgery. For a 
general impression of the hearing, the speech reception threshold 
(SRT), which is defined here as the mean value of the pure tone 
thresholds at 0.5, 1 and 2 kHz, and the speech discrimination 
score at the level 30 dB above the SRT were considered. One 
foreign patient with no comprehension of English was excluded 
from this survey. Figures 1 and 2 show the relation between 
tumor size and both indices of hearing. It is obvious that no cor- 
relation exists. Thus, a prediction of the size of the tumor based on 
conventional audiometric data seems pointless. 
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Fig. 1. Relationship between speech reception threshold 
and tumor size; no correlation exists. 


Table 1, which lists the mean and standard deviatior: for each 
tumor-size group, further illustrates that the size of the tumor is 
not related to hearing ability. The consistency of the suisstance of 
the tumor and the site of the tumor may, however, relat to hear- 
ing ability. The very hard material of the 0.5 cm aracknoid cyst 
resulted in a complete absence of speech discriminatioa. On the 
other hand, some 4 cm eighth nerve tumors produced only minor 
hearing losses with speech discrimination intact. These findings 
may relate to the fact that very large tumors that do aot affect 
hearing may be undetected for some time, but small tenors that 
produce serious hearing problems are likely to be diagnosed early. 
Selters and Brackmann'* show that the magnitude af the in- 
teraural weve V latency difference is linearly related to the size of 
the tumor, and that, in very large tumors that press against the 
brainstem, an increase in the wave II-V delay is found upon 
stimulation of the nontumor ear. This III-V delay, though a good 
indicator fer brainstem involvement, would also decreuse the ac- 
tual interaural wave V delay, thereby altering the linear relation- 
ship between tumor size and interaural wave V delay. 


Electroaadiometric Methods. The ECochG procedure with 
transtympznically placed electrodes is described by Eggermont et 
al, and recording of the BSER is described by Don and Egger- 
mont.” We used the same recording equipment and parameters 
for the ECechG as for BSER with the exception of filtering: 10 Hz 
- 10 kHz fer ECochG and 100 Hz - 3 kHz for BSER. 


Patients lay in a comfortable supine position on a bed in an 
acoustically treated soundroom (IAC), The ear to be examined by 
ECochG was anesthetized with an iontophoretic application of 
lidocaine and epinephrine for 11 minutes. After the ear-canal was 
dried, EEG disc electrodes were applied to the vertex, the 
forehead, and both mastoids. A sterilized, Teflon® -insalated (ex- 
cept at the tip) needle electrode was placed on the promontory 
and kept ia place by an elastic band. 


Stimuli were tone bursts of 2, 4, and 8 kHz and clicks delivered 
by an electromagnetically shielded loudspeaker (Ampaid, Type 
V) placed i m from the patient’s ear. APs were recorded at levels 
up to 110 dB HL if necessary for well-determined input-output 
curves and AP thresholds. Subsequently, if the amountsof hearing 
loss permitted, narrow band APs were derived with high-pass 
noise maszing?' for clicks of 90 dB peak equivalent (pe) SPL 
(about 70 4B SL for normal ears). The needle electrode was then 
removed end the recording of BSER potentials began. Stimuli 


speech discrimination (SRT+30dB) 
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Fig. 2. Relationship between speech discrimination and 
tumor size. High speech discrimination or no speech dis- 
crimination can be obtained regardless of tumor size. 


were delivered by TDH-49 headphones with MX-41 circumaural 
cushions. 


Calibration of the intensity levels for tone bursts delivered by 
the loudspeaker was done with a General Radio sound level meter 
(GR 1933). Subjective thresholds for normals in the same position 
as the patient were determined according to the procedure of 
Spoor and Eggermont,” ie, with the same tone bursts used in the 
ECochG but presented at 30/sec. The level at which the AP 
amplitude equals 0.1 „V was, in general, 10 dB above the subjec- 
tive hearing threshold.” All data presented are corrected to ac- 
commodate this difference. The correction factcr is frequency in- 
dependent and applies only to a threshold set at 0.1 »V for 500 
averages. Any other combinations would require a different cor- 
rection (eg, 0.05 „V and 2000 averages require a few decibels). 
The clicks for the BSER recordings were set at a. convenient level, 
usually 70 dB above the normal hearing threshcld. If no response 
was obtained, the level was increased. 


RESULTS 
ELECTROCOCHLEOGRAPHY 


AP Waveforms. Various types of AP waveforms 
are encountered in pathological ears? depending on 
the frequency of the tone bursts, the shape of the 
audiogram, and the pathology. That eighth nerve 
tumors cause AP waveforms to be abnormally 
broad was reported as early as 1972.4 


Figure 3 shows AP waveforms for 2 kHz tone 
burst stimulation at various stimulus levels in three 
eighth nerve tumor ears. The left series represents 
the typical broad waveform, which somewhat re- 
sembles that of Meniére’s disease,** with an un- 
usually large jump in the AP latency between 75 
and 85 dB HL. The middle series represents a case 
in which the AP waveform is normal at high inten- 
sities and abnormal at lower intensities. The right 
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Fig. 3. Compound AP waveforms in response to 2 kHz tone burst stimulation in three ears with acoustic neurinoma. 
Depencing o2 the individual case as well as on stimulus intensity, broad characteristic waveforms or nearly mormal APs can 
be found. It appears that the AP waveform is not consistently abnormal in acoustic neurinoma ears. 


series shows normal AP waveforms at all intensities 
tested. Of the 3¢ ears tested, only 10 showed abnor- 
mally broad AP waveforms, while the waveforms of 
the remaining 23 were as expected according to the 
audiogram. 


AP Stimulus-F.esponse Relationships. For the ears 
represented in Figure 3, the amplitude-intensity 
and latency-inteasity functions have been plotted in 
Figure 4. Amplitude and latency are plotted on a 
logarithmic scal2. In the example with the typical 
broad waveforn (250877) represented by the open 
squares, the amplitude-intensity function looks nor- 
mal, with an AP threshold of 20 dB HL. The audio- 
gram (see insert) shows a moderate high frequency 
hearing loss. 


The amplitude-intensity function (Fig. 4, open 
triangles) for the waveforms of patient 120177 (Fig. 
3, right) shows an elevated AP threshold at 2 kHz of 
59 dB HL and nearly normal AP amplitude at high 
intensities. The amplitude-intensity function has, 
therefore, a very steep rise, resembling the findings 
in recruiting ears.** The audiogram shows a flat 60 
dB loss for frequer.cies of 1 kHz and above. 


The other exemple, indicated by filled circles, 
shows a slightly elevated threshold at 2 kHz (30 dB) 
and a moderately steep, rising amplitude-intensity 
function. The audiogram showed a moderate hear- 
ing loss for the low and middle frequencies and 
steeply increasing thresholds for the higher frequen- 
cies. 


The latency-irtensity functions for these three 
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Fig. 4, Input-output curves for the ears represented in 
Fig. 3. Despite threshold differences of 35 dB, the output 
at high intensity (90 dB) is virtually identical. This 
phenomenon is thought to be characteristic of recruiting 
ears. The latency functions (upper part of Figure) tend to 
reach values that are larger than normal for a particular 
nly level. The audiograms for the three ears are also 
shown, 
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Fig. 5. AP amplitude-intensity relationships for all tu- 
mor cases in which ECochG was performed. A large num- 
ber of curves lie completely within the actual mormal 
range, including curves that at high stimulus levels reach 
normal. This endicates that the slope of the curves inereases 
with increasing AP threshold. 


ears are abnormal in that they lie above the upper 
boundary of normal ears (dotted line) for intensities 
less than 70 dB HL. However, they fall within the 
range for ears with Meniere’s disease.”® 


Twenty-eight of 32 ears tested by ECochG 
yielded measurable APs at 2, 4, and 8 kHz. Figure 5 
shows their amplitude-intensity functions fer 2 kHz 
tone burst stimulation. The shaded area represents 
the range of absolute amplitude values found in 27 
normal ears. The majority of tumor ears with 
thresholds up to 65 dB HL reach normal AP ampli- 
tude values at high tone burst intensities. In cases 
with AP thresholds exceeding 60 dB HL, steeply ris- 
ing amplitude-intensity curves are found, but even 
at 85 dB HL the normal output level is not reached. 


The slope of the amplitude-intensity function has 
been used previously as an indication for the pres- 
ence of recruitment,’ and it was noted that the 
higher the AP threshold for tone burst stimulation, 
the steeper the input-output function.’ To quantify 
this for the eighth nerve tumor ears, the values of 
the slopes of the AP amplitude-intensity functions 
(calculated for the AP amplitude range of 0.1-1.5 
uV) are plotted in Figure 6 for normal ears 
(thresho ds up to and including 15 dB), recruiting 
ears, and eighth nerve tumor ears (filled triangles). 
Nearly all the slope values found in eighth nerve 
tumors are within the range of those for nommal ears 
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Fig. 6. Quantitative relationship between the slope of 
the amplitude-intensity function and the AP threshold in- 
tensity for normal and pure cochlear hearing loss ears 
(open circles) and acoustic neurinoma ear (filled triangles). 


and pure cochlear hearing losses. The conclusion 
might therefore be drawn that the hearing loss pro- 
duced by a tumor of the eighth nerve is, on the 
cochlear level, indistinguishable from that of re- 
cruiting ears. 


As noted in the three ears in Figures 3 and 4, the 
latency-intensity function tends to become abnor- 
mal. This is substantiated in group data in Figure 7. 
About two thirds of the individual functions are 
clearly outside the normal range (shaded). This ab- 
normality also occurs in ears with Meniere’s disease, 
but to a lesser degree.’ Therefore, a highly abnor- 
mal latency-intensity function may remain a useful 
indication of an eighth nerve tumor. 


AP Parameter Interrelationships. AP parameters 
as a function of stimulus intensity indicate that, in 
eighth nerve tumor ears, most relationships depend 
upon the audiogram, as in recruiting ears.’* This is 
also illustrated by AP parameter interdependency, 
such as amplitude-iatency and width-latency func- 
tions.” As previously shown for ears with Meniere's 
disease,” nearly all amplitude-latency points, each 
representing one single AP, fall within the normal 
group (2 SD) boundaries. A previous report’ shows 
that, tor eighth nerve tumor ears, some points tend 
to lie above the normal range. This report shows all 
individually recorded APs as open circles (Fig. 8) ° 
compared to the shaded normal range. Some points 


6 EGGERMONT ET AL 





















































AP latency (msec) 


2000 Hz 


0 10 20 30 40 50 60 70 80 
intensity (dB HL) 


Fig. 7. AP latency-intensity functions for the acoustic 
neurinoma ears. A large number of curves lie above the ac- 
tual range of latercy values found in normal ears. 


are above the normal range, but most are within the 
normal range. This demonstrates that the ampli- 
tude-latency function is not a useful diagnostic 
criterion. 
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Fig. 8. AP amplitude-latency data for 2 kHz tone burst 
stimulation fcr acoustic neurinoma ears compared to the 
range found for normal ears. The shaded area represents 
the normal range between 2 SD boundaries. 
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Fig. 9. AP width-latency data for 2 kHz tone burst stim- 
ulation for the tumor ears. About 20% of the points are 
well outside the actual normal range. 


Reports about very broad click-evoked APs and 
their uniqueness in acoustic neurinomas have been 
published.'?:* Gibson and Beagley,’ considering a 
width of the AP at the baseline extending beyond 4 
msec as abnormal, found that a very large number 
of ears with Menieére’s disease, as well as ears with 
acoustic neurinoma, qualified. Especially for tone 
burst stimulation, the width of the AP at the base- 
line is likely to be influenced by a summating po- 
tential (SP). Since reference data for the width of 
APs evoked by 4 msec tone bursts were obtained at 
about one third of the AP amplitude value for nor- 
mal and recruiting ears? and plotted as a function 
of AP latency, the procedure was repeated here. It 
was found that, in high frequency cochlear losses, 
the group data formed a subset of the range for nor- 
mal values. In Figure 9, the width, plotted as a 
function of latency for all APs with latencies up to 5 
msec evoked by 2 kHz tone bursts, is compared to 
the shaded normal range. About 25% of the latency 
points of eighth nerve tumor patients fall outside 
the normal range. However, as a practical diagnos- 
tic indicator, this parameter must also be consid- 
ered insufficient. 


Narrow Band Action Potentials. Waveforms of 
compound APs may differ widely due to either the 
ratio of the SP to AP amplitude, as with Meniere's 
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Fig. 10. Narrow band AP waveforms in acoustic neurinoma ears. Fram dominantly monophasic narrow band APs in 
the left series to strictly biphasic narrow band responses in the right series, he relationship to the compound AP waveform is 


clear. 


disease,’ or a representation of cochlear activity dif- 
ferent from that of normals, as with high frequency 
hearing loss.” Another explanation might be that 
the unit contributions to the compound AP can have 
different waveforms for different types of hearing 
loss. Other studies’’* show that three different unit 
shapes can be considered: the normal biphasic 
shape, a W-shaped N1, N2-type found predomin- 
antly in Meniere’s disease, and a monophasic type 
observed only in eighth nerve or other pontine angle 
tumors. Broad compound APs can be produeed by a 
dominantly negative SP, by monophasic unit con- 
tributions, and/or by severe high frequency hearing 
loss. Which is most pronounced in eighth nerve 
tumors and whether a monophasic narrow band re- 
sponse can be used as a diagnostic criterion have to 
be investigated. 


The technique of narrow band AP derivation can 
yield an estimate of the unit contribution wave- 
form. Teas et al** originated the technique which 
was modified for compound AP evaluation in 
man?'?? and for the BSERs.'? A narrow band 
response is a compound AP or BSER originating 
from the excitation of a restricted area along the 
cochlear partition. It is obtained by high-pass noise 
masking of click-evoked APs or BSERs and subtract- 
ing responses obtained in the presence of maskers 
with cut-off frequencies differing by a given frac- 
tion of an octave. With one half octave, this yields 


contributions of 3 mm-wide regions on the cochlear 
partitien, innervated by about 2,000 to 2,500 nerve 
fibers. Because the population contributing to a 
narrow band AP is more uniform than that to a 
whole nerve AP, interpretation of single nerve fiber 
contributions is more straightforward. For three 
tumor ears, Figure 10 shows the click-evoked com- 
pound AP waveforms together with the narrow 
band APs originating from regions around 3.5, 2.6, 
and 1.3 kHz (conversion of place along the cochlea 
in equ valent frequency according to von Békésy’s 
map*’). The first example (left), showing a very 
broad sompound AP waveform, apparently is built 
from cominantly monophasic contributions, espe- 
cially at the lower central frequencies (CFs). The 
waveferm of the compound AP (middle) is still 
broad, but the narrow band responses are more bi- 
phasic A normal biphasic type of compound AP 
(right) more clearly shows narrow band contribu- 
tions. `n fact, only about half of the 17 patients for 
whom a narrow band analysis was possible (hearing 
loss not exceeding 60 dB at most frequencies) 
showed dominantly monophasic narrow band re- 
sponses. The mere presence of monophasic re- 
sponses is a promising detection criterion, but since 
it is net present in the majority of tumor cases, its 
general diagnostic value is limited. 


To obtain more quantitative information, the 
latency-dependence and amplitude-dependence of 
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Fig. 11. Narrow band action potential (NAP) amplitude 
and latency distr butions. The upper part of the Figure 
shows that the la ercy increases as central frequency de- 
creases. Compari=n with the range for normal ears shows 
that shorter-thanncrmal latencies occur in the 2-4 kHz 
range. The amplzude distribution shows relatively large 
ranges of values a- any given central frequency; a factor of 
ten is quite commor. The solid line connects, the median 
values; the broken line with a slope of —3 dB/octave 
represents the median value for a group of normal ears. 
Except for the hig and low frequency ends of the distribu- 
tion, this — 3 dB/«ctave slope is also found for the tumor 
ears. 


the narrow band responses on the CF of the narrow 
bands have been evaluated. The narrow band AP 
latency in eizhth nerve tumor ears and in all other 
ears investigated gradually increases with decreas- 
ing CF (Fig. 11, op). The range of absolute values 
in normal ears is shaded. Latencies in the 2-4 kHz 
area in eighth ne-ve tumor ears are lower than nor- 
mal. This phenomenon, which also occurs in some 
ears with Meniere’s disease, seems related to a 
greatly deterioreted frequency selectivity of the 
ear.*' Again, eigkth nerve tumors can produce the 
same effects as taose in (presumed) pure cochlear 
hearing loss. 


That the narrcw band response latencies do not 
fall above the namal range indicates that the in- 
creased latencies, as observed for the compound AP 
(Fig. 7), depend cn the relative contributions of the 
various narrow bands to the compound AP and not 
on changes at the single fiber level. It is, therefore, 
likely that abnormal latency-intensity relationships 
reflect the shape of the audiogram (relative con- 


` tributions) and the manner in which narrow band 
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responses sum (cancellation occurs for diphasic nar- 
row band contributions and not for monophasic 
contributions’). 


The amplitude of the narrow band responses re- 
flects the number of responding nerve fibers and the 
amount of synchronization between their firings. 
The latter depends on cochlear mechanics’! and 
decreases when the narrow band AP latency in- 
creases. For normal ears, the average decrease in 
narrow band AP amplitude is about 3 dB/octave 
toward lower CFs at a click level 90 dB pe SPL. 
This intensity is well within the range where all 
narrow band outputs are saturated, which means 
that all fibers respond.*? The narrow band AP 
amplitude then becomes a measure for the number 
of nerve fibers innervating the narrow bands. 
Under the presumption that the synchronization 
conditions along the cochlea do not differ in eighth 
nerve tumor ears and normal ears (a presumption 
supported by the narrow band latency data) the 
amplitude distribution can be used to investigate 
the amount of loss of neural elements in addition to 
the amount of cochlear loss. 


Figure 11, bottom, shows that this -3 dB/octave 
change in amplitude applies except to the extreme 
high and low frequency ends of the distribution. In 
addition, all amplitudes are within the normal 
range. Comparing the presently obtained amp- 
litude distribution with those obtained in cochlear 
hearing loss ears! shows that the scatter in the data 
is the same for tumor ear data and cochlear loss 
data but slightly larger than for the normal data. 
The drop in amplitude at the high and low fre- 
quency ends mirrors the results obtained in pure 
cochlear losses.” Thus, at the effective recording 
site, which is generally considered the internal 
auditory meatus (IAM),** there is no reason to 
assume a loss of responding nerve fibers. Most of the 
hearing loss produced seems to be of pure cochlear 
origin. 


Summating Potentials. The SP recorded from the 
human promontory”? is assumed to represent the 
status of the (outer) hair cells in the basal-most 10 
mm of the cochlea.** The hair cells near the elec- 
trode produce the larger contributions, and it is es- 
timated that the decrease in amplitude will be 
about 1-2 dB/mm*> from the promontory. Normal 
ears therefore have larger SP amplitudes for a given 
stimulus level when the tone burst frequency in- 
creases.” On the other hand, ears with high fre- 
quency hearing losses are expected to show a rapid 
decrease in SP amplitude. In ears with Meniere's 
disease,” the SP amplitude at 85 dB HL stimulation 
was independent of the amount of hearing loss up to 
50 dB HL; for larger hearing losses, the SP decreased 
more markedly the higher the tone burst frequency. 
Figure 12 shows the SP values obtained for 2, 4, and 
8 kHz tone burst stimulation at 85 dB HL and plot- 
ted as a function of AP threshold. The median value 
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Fig. 2. Summating potential (SP) amplitudes for85 dB 
HL tone bursts as a function of the AP threshold. Up to 50 
dB HL thresholds, the SP amplitude appears stabe; for 
higher hearing losses, the SP amplitude decreases. This 
trend is also observed in a large group of ears with 
Meniere's disease whose median value is indicated. 
However, the median values of tumor ears are smaller by a 
factor of at least two. 


curve for SP to 2 kHz tone burst stimulation (85 dB 
HL) in a group of 112 ears with Menieére’s disease is 
added far comparison. At low hearing loss levels, 
the median value for the ears with Meniére’s disease 
is about twice that for normal ears” and, as Figure 
12 shows, also twice that for the ears with acoustic 
neurinoma. The trend is that the SP in ears with 
acoustic neurinoma is below the median value for 
that in ears with Meniére’s disease but also stays 
relatively constant up to AP thresholds of about 50 
dB HL and then decreases. The SP at 85 dB HL 
stimulation in eighth nerve tumor ears is smaller 
than the SP found in ears with Meniére’s disease by 
at least a factor of two. Because of the exponential 
nature of the SP amplitude distributions in ears 
with Meniere’s disease*® and with acoustic tumor, 
the SP amplitude is not a useful diagnostic param- 
eter. 


Subjective vs Objective Thresholds. As previously 
stated, the presumed recording site of the AP is at 
the level of the IAM. By comparing AP thresholds 
with subjective (audiometric) ones, the status of the 
auditory system at two very remote points. the au- 
ditory periphery and the cortical level, is evaluated. 
It has been demonstrated that, for normal ears and 
ears with a pure peripheral hearing loss, ie, conduc- 
tive and cochlear hearing losses, the correspondence 
between the two methods of threshold estimation is 
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Fig. 13. Relationship between objective and subjective 

hearing thresholds. Peripheral and central (subjective) 

measurements are similar or for a few ears with a 

lower peripheral than central threshold or with the 

reverse, This similarity indicates that eighth nerve tumors 
usualty produce a peripheral hearing loss. 


good.’ In fact, the values of 95% of about 100 
ears were found within the shaded area of Figure 
13. This comparison was performed at five frequen- 
cies, ie, the AP threshold for 500 Hz tone burst 
stimulation was compared with the subjective 
threshold obtained audiometrically at 500 Hz and 
the same was done for 1, 2, 4, and 8 kHz. For in- 
dividual frequencies, especially 1, 2, and 4 kHz, the 
norma. range was even narrower. The data ob- 
tained from pontine angle tumor cases are com- 
pared only for 2, 4, and 8 kHz and are mostly 
within normal range. A few ears had much higher 
subjective than AP thresholds. One was the men- 
ingioma, with much better ECochG thresholds for 
4 and 8 kHz. Three eighth nerve tumor cases 
showed an abnormally large difference at 8 kHz on- 
ly. In these cases, therefore, an additional 
retrocochlear component in the hearing loss exists. 
Also, a few ears had AP thresholds larger by far 
than subjective ones. For example, one case had a 
subjective threshold (2 kHz) of only 15 dB and an 
AP threshold of 65 dB. Such discrepancies have 
been found before and have been attributed to a 
genera. loss of synchrony in the firings of the in- 
dividual nerve fibers. There may be an auditory 
sensation due to the processing of irregular firings in 
the auditory nerve but the firings are not sufficient- 
ly time-locked to the tone bursts to give rise to a 
measurable compound AP. The cases mentioned are 
exceptions for this series of pontine angle tumors 
and especially for eighth nerve tumors. Therefore, 
the presumed criterion of better AP thresholds than 
audiometric ones fails to have practical diagnostic 
value. 


Diagnostic Value of Combining ECochG Param- 
eters. Table 2 shows results of ECochG in all tumor 
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TABLE 2, SURV2Y OF ECochG PARAMETER WITH RESPECT TO ITS DIAGNOSTIC VALUE IN INDIVIDUAL PATIENTS 
DATA FOR 2 kHz TONE BURSTS 


Amplitude- Width- Latency- Amplitude- SP- NAP- Tumor 
ECoc1G Threshold- Latency Latency- Intensity Intensity Amplitude wform Size 
Case Subj Threshold Function 7 SP NAP cm 
] — — — = — + - 3.0 
2 _— — — — — — + 4+ 
3 — — — = — + — 3.0 
4 — — 7 + — — + 3.5 
5 — — i — — + + 2.0 
6 — — — = + + — 1.5 
T — — + — = + — 1.5 
8 = ane = = =o O -- 3.0 
9 — — — E — + C 2.5 
10 — — — + — + — 4+ 
1] —- — — — — -— = 1.5 
12 — — = ~ + + — 1.5 
13 _ _ + + + = 3 2.0 
14 a S = E + + g 1.5 
15 = =. pea = _ + — 0.5 
16 — = = — + — — 3.5 
17 —- — = = — — — 1.5 
18 — 3 = à a + 4 3.5 
19 = _ >a sa — + — 2.5 
90 se _ — — 3.0 
2) = = + — — — — 1.5 
29 sia _ s + n + + 1.0 
23 _ fie dus = + — — 2.5 
24 ” a $ + — + + 3.5 
95 sada a + + — - + 1.5 
26 aé — — + + -- C 0.5 
27 “= — — + + + © 0.5 
28 ai si == E — — ë 1.0 
29 — — — — — = = 1.5 
30 = _ 5 $5 — — — 2.0 
31 ~ — - — — - — 4+ 
32 — — — -- — = = 2.5 
A - Amplitude; SP Sammating potential; NAP - Narrow band action potential; wform - Waveform: + - Abnormal finding; — - Normal finding; © 


Could not be measured. 


DE 


cases. An abnormal finding is indicated by “+; 
“—” indicates rormalcy; and “O” indicates 
parameters that could not be measured (eg, in the 
narrow bard AF analysis). From these data, corre- 
lation coef‘icients for grouped data were calcu- 
lated and are shown in the correlation matrix in 
Table 3. The results indicate that most parameters 
are uncorrelated. that a very weak positive correla- 
tion exists between the monophasic narrow band 
AP waveform ard the width-latency and latency- 
intensity function, and that abnormalities in the 
amplitude-imtensitv function are related to abnor- 
malities in the latency-intensity function. However, 
only the correlation r=0.39 is significantly dif- 
ferent from zero. Therefore, we conclude that ab- 
normalities indicated by the various parameters are 
independent and may be combined to improve their 


TABLE 3. CORRELATION COEFFICIENT MATRIX FOR 
E CochG PARAMETERS 





Å T A SP NAP 
A l 0.14 0.07 — 0.02 0.27 
¥ 1 0.29 0.18 0.39 
A l 0.17 — 0.14 
SP l 0.10 


NAP l 


diagnostic value. Considering three abnormal pa- 
rameter values as a strong indication of the presence 
of a tumor, we would detect only 25% of these 
eighth nerve tumors. A looser criterion of any two 
abnormal findings scores 70%, and one abnormal 
finding might be encountered in 90% of the cases. 
It must be mentioned that, eg, in Menière’s disease, 
an increase in AP width is a common finding. How- 
ever, it always is associated with an increased or 
normal SP,” while in acoustic neuroma cases the 
combination which leads to diagnosis is broad APs 
with abnormally small SP. In high frequency coch- 
lear loss, the common finding is loss of SP accom- 
panied by steep input-output curves? while small 
SP and more shallow input-output curves is a diag- 
nostic for acoustic neuromas. This underlines the 
value of combining at least two independent pa- 
rameters. 


BRAINSTEM ELECTRIC RESPONSES 


Normal BSER. Recording of field potentials from 
the auditory nervous system by scalp electrodes re- 
sults in a series of five to seven waves in the latency 
range from 1 to 10 msec. The waves are denoted by 
Roman numerals.** These waves, the first of which 
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Fig. 14. Waveforms of brainstem responses in normal 
subjects. Waves I, III, and V are usually easily ideatifiable 
despite some variability in shape. The last trace compares 
the responses obtained for rarefaction (dotted line) and 
condensation clicks (solid line), particularly the wave [V/V 
complex changes. PAM - Postauricular muscle. 


is the same as the AP recorded in ECochG, have 
been attributed to the sequential activation of vari- 
ous nerve tracts or auditory nuclei in the 
brainstem.'°?? The smallness of these petentials, 
together with an unfavorable signal-to-neise ratio 
in the case of muscle activity (eg, postauricular 
muscle, neck muscles), require repetition of the 
averaging series and comparison of two subsequent 
recorded waveforms. Figure 14 shows four exam- 
ples (from normal ears) demonstrating the repeat- 
ability in each case and the variation in morphology 
among cases. The last example compares rarefac- 
tion clicks (dotted response) with condensation 
clicks (solid response); the others and all subsequent 
material are for alternating condensation and 
rarefaction clicks. Despite differences which might 
occur in the morphology of the BSER, a few param- 
eters are remarkably stable, not only among sub- 
jects in a particular laboratory but also among in- 
vestigations in different laboratories. This stability 
applies particularly to delays between waves I and 
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Fig. 15. Distributions for the I-III delay and I-V delay in 
normal ears appear to be gaussian. The mean values (x) 
and standard deviations (ø) for the fitted normal distribu- 
tions are indicated. 


III, and waves I and V. To obtain a reference point 
for abnormality of the BSER, data from about 75 
normal ears have been represented in histogram 
form (Fig. 15). This histogram representation of the 
number of ears with a particular delay between 
waves I and III, and between I and V suggests that 
the delays are normally distributed with mean val- 
ues of 2.07 and 4.01 respectively. Standard devia- 
tions were 0.13 and 0.16 msec respectively. 


For further understanding of the effect of a pure 
cochlear hearing loss, Figure 16 plots differences in 
the I-V delay between the normal ear and the path- 
ological ear in cases (mostly Meniere’s disease pa- 
tients) of unilateral hearing loss. Thissdistribution is 
definitely peaked, centered around a 0.02 msec 
longer delay for the pathological ear (SD=0.19 
msec). Differences exceeding 0.4 msec are suspect 
for brainstem abnormality, ie, the problem is not 
likely of pure cochlear origin. This 0.4 msec is 
related to the Selters and Brackmann" criterion of 
the interaural wave V latency differences. The pres- 
ent criteria for interwave delays havethe advantage 
of not requiring a correction for audiogram dif- 
ferences. 


BSER Waveforms in Pontine Angle Tumor Cases. 
Figure 17 presents waveforms representative of pa- 
tients with eighth nerve tumors. The upper trace 
shows a normal BSER with a I-V delay of 4.0 msec, . 
equal to the mean value for the group of normal 
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Fig. 16. The distribution of the difference in the I-V de- 
lays between both ears in patients with unilateral hearing 
loss of pure cochlear origin appears to be markedly peaked. 
The dominantly eccurring differences are 0 or 0.1 msec. 
with the normal ear having the shorter latency. 


ears, in which all waves are clearly present and in- 
dicated. The second trace, at first glance, shows a 
normal pattern, with all waves clearly visible. 
Closer inspection reveals that the I-III delay was 
prolonged beyond normal limits. The usual prom- 
inence of wave V seems to have been usurped by 
wave IV, making wave V seen as the small inflec- 
tion after wave IV. In this case a tumor of 1.5 cm in 
diameter was found. Merely assuming the largest 
wave to be wave V and comparing it with wave V 
of the other ear would not reveal any abnormality. 


It is illustratiwe to compare this case with the 
brainstem gliome case. Although the glioma pro- 
truded into the pontine angle and partially filled 
the IAM, the I-II. delay was 1.8 msec, which is nor- 
mal, and the I-V delay was 4.7 msec, which is ab- 
normal. The mai increase in delay, therefore, oc- 
curred after wave III. 


The third trace presents a clear wave I (all waves 
I, which may have different absolute latencies, are 
aligned for comperison) followed by a broad diffuse 
wave about 4 msec later. The largest peak of this 
broad wave, together with what appears to be wave 
VI, ie, the general morphology of the decreasing 
part of this broad wave, point to its being wave V. 
Thus, the I-V delay is increased by about 1.5 msec. 
Comparison of tke second and third trace wave- 
‘forms, both representing 1.5 cm tumors, indicates 
that peak identification is a major problem in the 
validation of most BSER-based diagnostic tech- 
niques. 


The fourth trace represents a 2.5 cm tumor case. 
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Fig. 17. Waveforms of brainstem electric responses in 
acoustic neurinoma cases. The normal morphology indi- 
cated in the upper trace is only rarely observed in tumor 
cases. However, the second trace is an example of pro- 
longed I-III and I-V delays. In most cases, identification of 
the waves, except I, becomes difficult. 


The general morphology is clear: a small, hardly 
visible wave I followed by a broad, partly fused, 
wave III-V complex. Although this is a larger tumor 
than in the former case, the wave I-V delay is 
somewhat smaller. The next trace shows a response 
with a clear wave I, but no further waves can be 
identified. Whether the bump around 8 msec repre- 
sents any synchronized activity attributable to a 
given wave remains unclear. This situation, found 
often, was also seen in the last trace: a clear wave I 
and the inclination to interpret the wave at 10-11 
msec latency as wave V. As shown, when wave I is 
present it is usually easily identified, especially 
when ECochG is also performed. The identification 
of wave V for delays exceeding 7 msec is often dif- 
ficult and the result is usually ambiguous. This 
problematic identification must be kept in mind 
when quantitatively assessing tumor size and delays 
in the BSER. For the normal ear or the pure coch- 
lear hearing loss ear, wave V remains visible longer 
than the other waves when stimulus intensity is 
lowered than for eighth nerve tumors. The absence 
of wave V in the presence of wave I might indicate a 
tumor. This is the interpretation in the following 
material. For clarification, let us note that in the 
meningioma case, only wave I was clearly visible 
and there was no sign of any later wave. 


Wave I-V Delay in Pontine Angle Tumors. As 


ECochG AND BSER IN ACOUSTIC NEURINOMA 13 


wave I—wave V delay (msec) 





0 1 2 3 4 5 
tumor size (cm) 


Fig. 18. The wave I-V delay in acoustic neurinoma cases 
appears related to tumor size. The shaded areas represent 
the 95 and 99.7% boundary lines respectively for a group 
of normal ears. Two tumor ears are definitely within the 
normal range; two others are borderline normal. Wave V 
is frequently absent in almost all tumor sizes except the 
smallest. 


shown previously, the mean I-V delay for a group of 
normal ears and pure cochlear hearing loss ears is 
about 4 msec. In tumor cases wave V is identifiable 
more often than wave III. Therefore, we will com- 
pare the I-V delay of the tumor ears with the non- 
tumor ears. Interpreting delays outside the range 
indicated by the mean plus 2 SD (including 95% of 
the normal ears) as suspicious and those outside the 
3 SD range as a definitive indication of abnormali- 
ty, we ebtain the hatched areas in Figure 18. The 
horizontally hatched area represents the 95% area 
and the extended regions include 99.7 % of the nor- 
mal ears. Any value outside this range is unlikely to 
belong to a normal ear or pure cochlear loss ear. 
And because the I-V delay is considered, it is also 
unlikely that a conductive hearing loss is affecting 
the criterion, as might be the case when only the ab- 
solute wave V latency is considered. For the tumor 
ears, the wave I-V delay was estimated and plotted 
as a function of tumor size. Cases without an iden- 
tifiable wave V are indicated with black dots. In 14 
cases (22%) with wave I absent, the criterion was 
the AP wave V delay based on the recorded trans- 
tympanic ECochG. Two cases with relatively small 
tumors fall within the 95% boundary for normal 


ears. An additional two were on the borderline of 
normality. 


The impression is that increasing tumor size re- 
sults in larger I-V delays. It is possible to fit an ex- 
ponential curve through the data: 


(I-V) delay = 4.2 exp (0.13 x tumor size in cm) 


with a correlation coefficient of 0.7. A power curve 
fit yielded a lower correlation coefficient. A fitted 
exponential curve, however, depends heavily upon 
points such as the 8.5 msec delay for the 4.5 cm 
tumor case, and for these large delays all restric- 
tions outlined previously hold. 


Thus, any quantitative relationships must be re- 
garded cautiously. From a diagnostic perspective, 
the I-V criterion yields a score (based on results of 
tumor ears only) of 39 of 43 (about 90%) based on 
the strict criterion. The advantage in these tumor 
cases was, however, that wave I could be estimated 
from the ECochG and that the I-V delay could be 
computed. Moreover, the presence ef wave I in 
ECochG and the absence of a BSER is highly indic- 
ative of a pontine angle tumor or other brainstem 
pathology. If ECochG is not perfommed and no 
BSER can be detected, a tumor or other brainstem 
pathology are indicated only when the hearing loss 
in the pure tone audiogram does not exceed 70 dB 
for frequencies of 1 kHz and up. 


If the interaural time differences for waves V 
(IT5) are also considered, another eriterion (one 
that supplements the former criterion is available. 
As in Figure 16, it is unlikely in the case of a normal 
or a cochlear hearing loss that the I-V delays for 
both ears differ by more than 0.4 msec. Consider a 
case in which the I-V delay in the nontumor ear of a 
patient is 3.7 msec and that of the tumor ear is 4.3 
msec. Because both delays are within the normal 
range, use of only the I-V delay critenion would re- 
sult in a false negative. Comparison of both ears 
shows the abnormality. 


On the other hand, an interaural wave V latency 
difference of 0.3 msec may occur in cases in which 
both ears show a considerable hearing loss without 
a recordable wave I. One must say that no abnor- 
malities can be found. According tə our present 
criterion of 0.4 msec, ECochG or improved record- 
ing techniques in BSER may yield the wave I-V 
delays which, on the tumor ear, may be outside the 
normal range. 


It is therefore advantageous to combine both the 
I-V and the interaural difference criteria, as shown 
in Figure 19. For all tumor cases m which both 
measures could be taken (21 of 43), the strict rule 
that at least one of the two criteria shows abnor-’ 
malities may now be applied. 


Two cases with borderline I-V criterion have def- 
initely abnormal interaural (IT5) criterion. Another . 
two cases with normal IT5 criterion have definitely 


14 EGGERMONT ET AL 








wavel —waveV delay (msec) 








1 2 3 
interaural time difference wave V (msec) 


Fig. 19. The re ation between the wave I-V delay and 
the interaural laseney difference between waves V is 
shown with the criteria for normal. The longer the I-V 
delay, the longer the interaural time difference: however. 
because audiograras differed for each ear, this relation is 
not simple. The responses may be normal for one criterion 
but abnormal for the other. The combination of both cri- 
teria may augment the detection score. 


abnormal I-V criterion. And finally, in two cases 
both criteria fall in the normal range. Thus, when 
at least one of the two criteria was abnormal, the 
tumor was detected in 19 of the 21 cases. We also 
found that in 15 additional cases, wave I could be 
measured but wave V could not, a situation strong- 
ly indicative of a tumor or brainstem pathology. If 
we add these 15 to the 19 detected by either the I-V 
or the IT5 criterion, we arrive at a tumor detection 
score of 34 of 3€ (approximately 95%). An addi- 
tional seven cases with no BSER detected and no 
ECochG available were beyond our estimation of 
the usefulness of BSER in detecting eighth nerve 
tumors. The high score of 95% must be regarded as 
optimum. It is not likely to occur in the real 
diagnostic situation in which one does not know if a 
pontine angle tumor is present. 


COMBINED RESULTS OF ECochG AND BSER ON 
OPTIMUM DIAGNOSIS 


With the high diagnostic score based on the BSER 
and the AP latency, ECochG supplies additional in- 
formation only when it indicates a tumor and the 
BSER does not. One of the two cases with a normal 
BSER (where the I-V delay was 4.0 msec) had a 
normal ECochG; in the other case, the latency-in- 
tensity function, the amplitude-latency function, 

«and the monophasic narrow band responses were 
strongly indicative of an eighth nerve tumor (case 
22, Table 2). Therefore, for cases with strong 
clinical indications of a tumor but with normal or 
borderline normal BSER, we suggest that the test 

‘battery be supplemented with ECochG. In prac- 


tice, replacing the mastoid electrode with an ear 
canal electrode may be sufficient to detect a clear 
wave I. However, this solution may not be ade- 
quate when additional evidence regarding the other 
ECochG tests is needed; thus, one must consider the 
use of an ear canal-mastoid recording configura- 
tion.** 


DISCUSSION 


Site of Eighth Nerve Tumors. In all eighth nerve 
tumor cases studied, the amount of “objective” 
hearing loss was identical to the amount of subjec- 
tive hearing loss. This finding argues against addi- 
tional effects of the tumor on the central side of the 
IAM upon the hearing threshold. For the meningi- 
oma case, which was a medially situated tumor, 
ECochG thresholds were better than subjective 
thresholds by 35-40 dB at 4 and 8 kHz. For the 
brainstem glioma case, the ECochG thresholds 
were 20 dB better than subjective thresholds at 8 
kHz and equal for 2 and 4 kHz. 


The slopes of the AP amplitude-intensity func- 
tions of tumor cases appear to be in the same range 
and show the same dependency upon the AP thresh- 
old as those in Meniére’s disease and other hearing 
losses with recruitment. The behavior of the SP 
amplitude as a function of AP threshold is also 
similar, apart from a scale factor, to that in 
Meniere’s disease. Additional information from a 
narrow band analysis in 17 of the 45 eighth nerve 
tumors shows that the number of viable neurons in 
a narrow band is in the same range as in normal or 
recruiting ears, thereby ruling out neural degenera- 
tion at the site of the IAM. Thus, there is abundant 
evidence, especially for milder hearing losses (up to 
60 dB) caused by eighth nerve tumors, that the 
hearing loss is purely cochlear. For more severe 
hearing losses, all the evidence (slope of the AP 
amplitude-intensity curve, SP amplitude) again in- 
dicates a cochlear site of action, but additional 
degeneration of the nerve fibers cannot be ruled 
out. The fact that cochlear hearing loss with rela- 
tively good preservation of the SP amplitude up to 
50 dB hearing loss is comparable to that found in 
Meniere's disease indicates a common interference 
pattern. The origin and growth of eighth nerve tu- 
mors will probably involve the cochlear blood sup- 
ply by slowly reducing it. This would cause a 
metabolic dysfunction on the cochlear level, fol- 
lowed by hair cell degeneration. 


The best quantifiable effect of eighth nerve tu- 
mors on the BSER is the increase in the delay be- 
tween waves I and III and accordingly between 
waves I and V. 


Selters and Brackmann" postulate that pressure 
of the tumor against the auditory nerve causes a 
reduction in neural conduction velocity, leading to 
longer delays. It is more likely, however, that the 
major effect of the tumor is to abolish synchronized 
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Fig. 20. A possible explanation for the increase in I-V 
delay as a result of the action of the tumor. For thesclick- 
evoked BSER, a I-V delay of nearly 5.5 msec was esti- 
mated. It appears that in the individual octave narrow 
bands, the I-V delay does not exceed 4.5 msec (borcerline 
normal). Wave I from the unmasked response originates 
from the region above 4 kHz, while the largest contribu- 
tions to wave V come from the 1-4 kHz range. The pres- 
sure of the tumor at a site central from where ware I is 
generated prevents basal contributions to wave V, result- 
ing in a prolonged I-V delay. 


firings for the high frequency fibers which run 
along the outside of the auditory nerve. This would 
cause an increase in the I-III and I-V delay of the 
BSER. Wave I, originating from the intact periph- 
eral part of the nerve, would primarily represent 
high frequency fiber activity; the dominant con- 
tribution to waves III and especially V would be 
from the middle frequency fibers which respond 
with a longer latency (travelling wave deay), as 
demonstrated by Don and Eggermont." As the ef- 
fect of the tumor increased, the I-V delay weuld ap- 
proach 8-10 msec, the approximate theoretical max- 
imum, A simple test of this hypothesis is comparison 
of the I-V delay in each narrow band of a derived 
BSER analysis with that for the unmasked response. 
We conducted this test in a patient with the original 
I-V delay estimated as 5.4 msec (Fig. 20). between 
waves I and V were multiple peaks that were of low 
amplitude and not likely to be wave V. The octave 
narrow band analysis shows a I-V delay of 4.5 msec 
for the region above 8 kHz and for the 4-8 kHz re- 
gion. The lower the frequency band, the more in- 
distinguishable wave I, but the latency of wave V in 
the unmasked response corresponds with the contri- 
bution from the 1-4 kHz range, while the latency 
from wave I corresponds with the above 8 kHz 
range. Thus, although the I-V delays in the narrow 
bands are borderline normal, the overall I-V delay 
is definitely abnormal. 


Since the peripheral and subjective thresholds are 
identical in nearly all eighth nerve tumor cases, the 


action of the tumor will produce not a real conduc- 
tion block but a desynchronizing effect on the high 
frequency nerve fibers and probably a minor in- 
crease in conduction delay. 


Abnormal Findings in the ECochG. Although 
most E€ochG findings indicate a cochlear type of 
hearing loss, they also include some abnormal 
tumor-specific properties. 





First, the latencies as a function of intensity gen- 
erally fall above the normal range, as do the AP la- 
tencies m ears with Meniere’s disease.?> However, in 
30% of the studied cases, the latencies are longer 
than these of Meniére’s disease. Since long duration 
occurs with use of tone burst stimulation, especially 
for 2 kHz, and does not occur in the marrow band 
AP derivation (compare Figs. 7 and 11), the abnor- 
mal course of the latency-intensity function may be 
related to the manner in which the narrow band 
contributions add up to the compound AP. Most 
cases with abnormally long AP latencies also had 
monophasic narrow band contributions (note the 
correlation coefficient of 0.39 between 7 and NAP 
in Table 3). In this situation, the usual cancelling of 
positive and negative deflections leading to sharply 
peaked APs is lacking. The result is broad APs and 
abnormally long AP latencies in the middle intensi- 
ty range. At high tone burst levels, the basal part of 
the cochlea still dominates the AP response; at low 
levels (se, in ears with little hearing loss) only one or 
two mere apically situated narrow bands contribute 
to the AP. Thus, at both ends of the intensity scale, 
latencies tend to be normal.’ 


The abnormally broad APs, especially those with 
short latencies (Fig. 8), are due to this same interac- 
tion and not to a pronounced negative SP,’ as in 
Meniére’s disease. Gibson and Beagley' suggest that 
in acoustic neurinomas a “slow-wave” is superim- 
posed apon the AP similar to that found in dener- 
vated cat cochleas by Kiang and Peake.*' This 
potential was not considered an SP. If this slow 
wave really is an entity different from the AP, it 
nevertleless is separable in narrow band contribu- 
tions and therefore has a distributed origin. At the 
moment, we prefer the explanation of broad APs on 
the basis of monophasic narrow band contributions. 


How can one explain the occurrence of mono- 
phasic narrow band contributions? Cn the basis of 
the normal narrow band responses,’’’’ one inter- 
prets is waveform as reflecting those of the con- 
tributimg neural units. Recording a negative mono- 
phasic unit response in an extracellular recording 
situation requires an anatomical conduction block 
at the central side of the IAM.” Kiang et al“ were 
able te demonstrate in the cat that the unit con- 
tribution at the round window had a biphasic 
shape, which is similar to that found for narrow 
band APs at high CFs in normal human ears.” 
When a gross response is recorded, an anatomical 
conduction block is not necessary to obtain a mono- 
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Fig. 21. Difficulties in the detection of acoustic neuri- 
noma. In the first BSER session of this case, the interaural 
latency difference appeared to be zero; the second time, 
three months later, a clear increase beyond the normal 
range was seen. Because wave I was difficult to identify in 
the second session, ECochG was also performed. Use of the 
wave I latency from ECochG demonstrated that the I-V 
delay was also abnormal. Thus, in only three months, dra- 
matic changes in the BSER occurred. 


phasic narrow band contribution. The action of the 
tumor on the nerve might result in differences in 
neural conduction times leading to desynchronized 
spike transmissien along the auditory nerve. Al- 
though all fibers (in the narrow band) at the begin- 
ning of the nerve fire simultaneously (incident neg- 
ative deflection), the synchronous firing pattern 
across the auditory nerve is already destroyed at the 
central side of the IAM. Thus, no positive deflection 
(indicating synchronous activity at the central part 
of the IAM) can be detected with the promontory 
electrode. 


Whether this mechanism is the real cause for the 
abnormalities in the AP waveform is difficult to 
assess. Large tumors are likely to produce this ef- 
fect, although no relation between a monophasic 
narrow banc response and tumor size could be dem- 
onstrated. The arachnoid cyst (0.5 em), the brain- 
stem glioma (1.5 cm), and eighth nerve tumors 
from | to 3.5 cm produced monophasic responses. 


Glazenburg’s work** on production of broad APs 
and monophasic narrow band responses should be 


noted. Reversible changes in the waveform of the 
click and tone burst evoked AP recorded from the 
guinea pig could be produced by gently stretching 
the vestibular nerve at the IAM. In this situation, 
broad APs and monophasic narrow band responses 
could be produced. Direct involvement of auditory 
nerve was ruled out, If stretching of the vestibular 
nerve results in APs of the same shape as those in 
acoustic neurinoma cases, the occurrence of these 
abnormal APs in very small tumors can be traced to 
the origin of most eighth nerve tumors, the superior 
or inferior vestibular nerve. 


Limits of Electroaudiometry in Eighth Nerve Tu- 
mor Detection. Figure 18, with the I-V delay in the 
BSER related to the tumor size, demonstrates that 
tumors that will remain undetected are small (<1 
cm). A survey of ECochG results generally leads to 
findings explainable on the basis of the amount and 
type of hearing loss; however, a monophasic nar- 
row band response may occasionally give a definite 
indication. It is therefore realistic to base early 
detection of eighth nerve tumors on the BSER. 


In this context, it is helpful to discuss recordings 
performed by one of the authors (JJE) at the ENT 
Department of the Leiden University Hospital in a 
series of patients with surgically proven medium- 
sized acoustic neurinomas. In two representative 
cases, the first BSER recordings were borderline 
normal, as was the ENG and the stapedius reflex 
decay. X-rays of the temporal bones did not show 
abnormalities. All tests were repeated three months 
later. Figure 21 shows the BSER recordings from 
the first patient. The upper tracings show the re- 
sponses from the normal side recorded on the first 
test session (solid line) and on the second test session 
(dotted line) three months later. Repeatability was 
considered excellent for the normal ear. 


The second set of tracings in Figure 21 show two 
recordings from the tumor ear obtained in the first 
test session. These responses show a diffuse wave I 
with a shorter latency than that of the normal ear. 
Waves IH and V have the same latency values as the 
normal ear. The wave I-V delay seemed prolonged. 
However, because repeatability for wave I was 
poor, no definite conclusion could be drawn. 


The third set of tracings in Figure 21 show two 
recordings from the tumor ear taken on the second 
test session three months later. These tracings show 
now a definite shift in waves III and V. Again, 
wave I was not clear. A simultaneously performed 
ECochG showed broad APs with a latency compa- 
rable to the dotted curve wave I. X-ray tomography 
of the petrous bone taken during the interval be- 
tween the two test sessions indicated the presence of 


nerve tumor removed. 


The second case (Fig. 22) is more dramatic be- 
cause only six weeks elapsed between the two BSER 
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Fig. £2. Difficulties in the detection of acoustic neu- 
rinoma. In this case the I-V delay could be measured. The 
first time it was within the 99.7% range of normaley and 
borderline with respect to the 95% range. The I-V delay of 
the normal ear appeared to be rately short, so that the 
difference between the I-V delays of both ears was also 
borderline normal. After only six weeks, all criteria (the 
I-V delay, the interaural latency difference, and the dif- 
ferences in I-V delays) were definitely abnormal. Inan ac- 
tual diagnostic situation, findings of borderline normal re- 
quire reassessment after six weeks to three months. 


msec 


recording sessions. The first set of tracings shows the 
normal ear response at the first recording session 
(solid line) and six weeks later at the second session 
(dotted line). The responses are comparable. 


The second set of tracings shows the first session 
recordings from the tumor ear. These mesponses 
showed well-defined various waves and a border- 
line normal I-III delay. The difference between the 
I-V delay for both ears was also borderline normal. 


Recordings shown in the third set are taken from 
the tumor ear six weeks later and now show marked 
abnormalities. The definition of wave I became less 
clear although its latency remained the same. The 
wave I-V delay was clearly abnormal. The patient 
was operated upon and a 1.5 cm eighth nerve tumor 
was removed. Although eighth nerve tumors in- 
crease slowly in size,“ these examples show that 
small changes in tumor size may not cause measura- 
ble changes in the patient’s hearing but may mark- 


edly affect the BSER. Tumors in these cases proba- 
bly had reached a critical size in terms of their in- 
volvement with the auditory nerve. In particular, 
small changes in the tumor size have marked effects 
on the later waves of the BSER but do not noticea- 
bly affect wave I or the audiogram. The explana- 
tion is not an effect upon the brainstem, but rather 
the gradual change in the effec: of the tumor upon 
nerve fibers with different characteristic frequen- 
cies (Fig. 20). In addition, the larger tumor series 
demonstrates that tumors smaller than 1.5 cm may 
produce a marked abnormality in the BSER. Thus, 
the critical size of the tumor varies from patient to 
patient. 


In conclusion, early diagnosis of eighth nerve 
tumors is possible. It largely depends upon the com- 
pleteness of the test battery and strong suspicion. It 
appears that electroaudiometric methods are among 
those which show the presence of a tumor the 
earliest.. 


CONCLUSIONS 


l. The dominant effect of eighth nerve tumors 
causing a hearing loss is on the cochlea, probably by 
interference with the blood supply. 


2. There is some evidence that an additional dis- 
turbance at the neural level, probably by direct ef- 
fect on the auditory nerve, occurs. This does not 
further increase the amount of hearing loss. 


3. Tumor size can be correlated with only cer- 
tain BSER parameters, notably the I-V delay. No 
correlation with the amount of hearing loss or the 
speech discrimination was found. 


4.. Because most ECochG parameters indicate a 
pure cochlear hearing loss without neural involve- 
ment, assessing the state of hearing at the pe- 
ripheral site of the IAM therefore has limited value 
in the differential diagnosis. 


5. BSER yields high detection scores: up to 90%. 
The larger the tumor, the easier its detection. It is 
likely that small tumors (<1 cm) will be missed. 


SUMMARY 


For a series of 45 surgically proven pontine angle 
tumors including 42 acoustic neurinomas, the com- 
pound AP and SP were recorded with transtympan- 
ic ECechG together with the BSER. The aims of 
this study were to quantify the mechanism by 
which pontine angle tumors cause hearing loss, and 
to evaluate the diagnostic potentials of ECochG and 
BSER with respect to the detection of auditory 
nerve and brainstem tumors. 


By ECochG we evaluated the width of the AP re- 
sponse (abnormal in 30% of the cases), the slope of 
the AP amplitude-intensity curve (abnormal in 
9%), the amplitude of the SP (abnormal in 50%), 
the waveform of the narrow band AP (abnormal in 
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40%), and the difference between the ECochG 
thresholds and the subjective hearing thresholds 
(abnormal in 8%) on their diagnostic merits. Ex- 
cept for the AP latency and narrow band AP wave- 
form, these parameters appear to be uncorrelated, 
and a combination of individual scores can be used. 
Four uncorrelated parameters were found abnor- 
mal in only 10% of the cases, three in 25% , two in 
40% , and one in 90%. 


To eliminate effects of the middle and inner ear 
upon the brainstem response criterion used to dif- 
ferentiate cochlear from retrocochlear pathology, 
the delay in latency between waves I and V (Jewett 
nomenclature) was tested as a criterion. From a 
group of about 7) normal-hearing subjects and 43 
subjects with unilateral hearing loss of cochlear 
origin, evidence was obtained that the I-V delay is 
not affected by cochlear hearing loss. Based on a 
mean I-V delay of 4.01 msec for the normal ears 
and a standard deviation of 0.16 msec, together 
with the apparent normal distribution of the delays, 
a I-V delay exeeeding 4.33 msec was considered 
suspect and, for delays above 4.49 msec, as con- 
clusive evidence for the presence of a pontine angle 
tumor. Based on the 4.49 msec criterion, the test 
missed 10% of the tumors but included no false 
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positives. The 4.33 msec criterion resulted in 5% 
missed tumors but included 5% false positives. The 
combination of the I-V delay criterion with the in- 
teraural wave V delay resulted in about 5% im- 
provement on the basis of the strict criterion and no 
change in the less strict criterion results. 


Electrocochleographic results provide substantial 
evidence that, for hearing losses up to 60 dB HL, 
the origin is purely cochlear, resembling in many 
ways that caused by Meniére’s disease. A peripheral 
(from the IAM) neural loss can be ruled out in these 
cases. Evidence is presented that the increase in I-V 
delay is caused by the selective action of the tumor 
upon low and high frequency fibers in the auditory 
nerve and that desynchronization of the firings of 
the nerve fibers is of more importance than an in- 
crease in neural conduction time. ECochG as the 
sole test for detection of pontine angle tumors ap- 
pears to be of limited value. BSER on its own has 
great merits; however, it should be emphasized that 
in about 30% of the cases in this study, no wave I 
was detected in the recordings. For these cases, we 
substituted the latency of the AP recorded by 
ECochG. Thus, the 95% score obtained on the basis 
of BSER depends on the ability to identify the laten- 
cy of wave I. 
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The clinieal-histopathological correlation between Meniére’s disease and endolymphatic hydrops was done to explain, as much as pos- 
sible, causes of symptoms of Meniére’s disease. Twenty-three tem poral bones with endolymphatic hydrops from 17 patients were reviewed 
and clinical and histopathological findings were correlated. Histopathological examination revealed frequent, severe deformities in the 
labyrinthine walls and permanent changes in Reissner's membranes. Evidence of rupture was difficult to assess. Of 21 ears of patients with 
the clinical diagnosi- of Meniére’s disease, 93% had endolymphatic hydrops. A statistical correlation between increased area of the 
cochlear duct and aearing loss was found. Some correlation was also found between frequency of vertigo and results of elec- 
tronystagmogrephy wita histopathological findings. Consequently, the mechanical effect of endolymphatic hydrops seems to have greater 
significance in the production of symptoms of Meniére’s disease than the biochemical effect of ruptures. In a review of ten unusual cases 
from this series of 17 patients, traumatic neuromas or remnants of vestibular structures were found after an incomplete labyrinthectomy. 
Histopathological findings of four patients who had undergone endolymphatic subarachnoid shunt surgery are described. 


The history of Meniere’s disease can be roughly HISTOPATHOLOGICAL FINDINGS 
divided intc two eras. The first began in 1861, 
when Prospere M eniére! described an association of 
vertigo and senserineural hearing loss as a clinical 
entity caused by a labyrinthine disorder. Hallpike 
and Cairns” hist pathological finding of endolym- 
phatic hydrops ir Meniére’s disease marked the sec- 
ond era. However, endolymphatic hydrops can be 


All temporal bones were removed between 6 and 
24 hours after death, placed in formaldehyde, de- 
calcified in Versene® , and embedded in celloidin. 
Specimens were sectioned in the horizontal plane at 
a thickness of 20 um, and every tenth section was 
stained with hematoxylin and eosin. 


found in diseases other than Meniére’s,? conversely, Study of the middle ear sought evidence of chron- 
clinical symptoms of Meniére’s disease could be ic otitis media because of the possible cause-effect 
present without Fistopathological evidence of endo- relationship between chronic otitis media and en- 
lymphatic hydrops.‘ dolymphatic hydrops.’ Presence of chronic otitis 


media was found in four temporal bones from three 
patients; however, severity and location of the hy- 
drops varied in these bones. 


These two factors pose problems in an attempt to 
correlate clinical diagnosis with histopathological 
findings. Other factors also complicate this correla- 


tion. One is that the main symptoms of Menieére’s In the inner ear, the labyrinthine membranes, 
disease are subjective; another is that morphologi- vestibular aqueduct and endolymphatic sac, and 
cal changes found after death represent only one sensorineural elements were examined. 

stage in the evolution of the disease. Therefore. 

selection of a homogeneous group of cases to study LABYRINTHINE MEMBRANES 

both clinical_y amd histopathologically is difficult 

and sometimes arbitrarv. The cochlear duct and the vestibular membranes 


were studied separately. 
For these reasens, cases presented were chosen 


from two groups of patients: one with a clinical Cochlear Duct. In cases of endolymphatic hy- 
history compatible with the diagnosis of Meniére’s drops, Reissner’ss membrane presented two main 
disease, one with definite histopathological evi- modifications: dilation and morphological changes. 
dence of endolymphatic hydrops. Dilation was studied in the apical, middle, basal. 
and hook areas of the cochlea and was classified as 
This study: 1) rev-ews 23 temporal bones with the slight, moderate, or severe (Fig. 1). 

histopathological finding of endolymphatic hy- | 
drops; 2) correlates cochlear and vestibular symp- Dilation was present in the apical turn in all cases 
toms with histopethological findings; and 3) with and affected only this turn in three cases. Prolapse 
*ten case reports illustrates responses to medical and of Reissner’s membrane through the helicotrema or 
surgical treatments. filling the whole scala vestibuli appeared in four 


From the Otologic Medical Group, Inc., and the University of Southern California, Los Angeles: the Service d'ORL, Hopital Universitaire de Toulouse, 


France; and the ENT Department of the Special Center “Ramon y Cajal,” Madrid. Spain. This work was supported by funds from the Ear Research In- 
stitute, Los Angeles. 
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Fig. 1. Different degrees of dilation of the cochlear duct. A) Normal: B) Slight; C) Moderate; D) Severe. 


cases (Fig. 2). In 16 cases, Reissner'ss membrane 
bulged severely or moderately in all turns (Fig. 3). 
In eight cases, moderate or severe dilation appeared 
in the hook area (Fig. 4), in three cases Reissner’s 
membrane was prolapsed into the vestibule (Fig. 5), 
and in two cases reached the footplate (Fig. 5). 


From these observations, the first area of Reiss- 
ner’s membrane to be involved seems to be in the 
apical turn. In later stages, distention is greater in 
the middle and basal turns. The cochlear duct has 
the capacity for high dilation, filling the whole 
scala vestibuli and even herniating through into the 
helicotrema and into the scala tympani. 


Many authors®’ have described morphological 
changes of Reissner’s membrane and indicated the 
association of endolymphatic hydrops with col- 
lapse, fibrosis, and ruptures. In three temporal 
bones Reissner’s membrane was found collapsed'*"’ 
(Fig. 6). In cases with severe bulging, fibreus tissue 


P: Reissner s membrane 
blocking helicotrema 





Fig. 2. Dilated Reissner’s membrane obliterating the 
scala vestibuli and blocking the helicotrema. 


. 
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Fig. 3. Midmediolar section showing a moderate dila- 
tion of Reissner’s membrane in all turns. 


between Reissne~’s membrane and the endosteum of 
the scala vestibuli was observed. In cases with an 
abnormally high attachment of Reissner’s mem- 
brane to the outer wall of the scala vestibuli. this 
fibrous tissue or the condition of Reissner’s mem- 
brane pressed against the wall of the scala vestibuli 
prevented an at empt to follow the course of the 
membrane from -he top of the stria to the abnormal 
attachment. 


The theory thet rupture and healing of Reissner’s 
membrane are a result of overdilation was first 
postulated by Lawrence and McCabe in 1959° and 
later described b” others.”'>!? Evidence of ruptures 
in Reissner’s membrane that occurred antemortem 
was difficult to assess in five cases in this series 
because histopathological evidence of a reparative 








Reissner’s membrane 


Round window 
membrane 





Fig. 4. Moderate dilation of Reissner’s membrane in the 
hook area. 





Distended 
cochlear duct 


Fig. 5. Reissner’s membrane from the hook area pro- 
lapsed to the vestibule and reaching the footplate. 


process or of scar tissue at the edges of the rupture 
was not clearly shown. Therefore, the possibility of 
artifacts introduced during manipulation cannot be 
excluded.'* In addition, no rupture or evidence of 
healing was found in 11 cases with severe bulging of 
Reissner’s membrane, in four cases of herniation 
through the helicotrema (Fig. 7), nor in three cases 
of collapse. If ruptures did occur, they would have 
been small tears, less than 200 um or 0.2 mm (the 
distance between two stained sections), or they 
would have occurred only rarely. Either situation 
would account for their going undetected. If rup- 
tures occurred only rarely, correlating them with 
the frequency of recurrent symptoms would be dif- 
ficult. 


On the other hand, cross sections of Reissner’s 
membrane in cases of longstanding hydrops showed 





Fig. 6. Midmodiolar section showing a collapse of 
Reissner’s membrane. 
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Fig. 7. Herniation of Reissner’s membrane through the 
helicotrema. 


approximately the same number of cells per area 
and the same distance between them as in a normal 





B 


Fig. 8. Cross section of distended Reissner’s membrane 
showing A) approximately the same number of cells per 
area (x325); and B) the same distance between them as in a 
normal membrane (x325). 
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Fig. 9. Distended saccule pressed against the footplate 


and bulging into the nonampullated end of the lateral 
semicircular canal. 





membrane (Fig. 8A, B). This finding could indicate 
a proliferation of cells in response to stretching. * 


From these observations it seems probable that in 
the early stages of the disease, or “compensated” 
Meniere’s disease,'® Reissner s membrane conserves 
its elasticity, expanding and relaxing after each at- 
tack. In chronic conditions, or “decompensated” 
Meniére’s disease, Reissner’s membrane may per- 
manently lose its elasticity. '® "7 





Fig. 10. Distended saccule bulging into the nonam- 
pullated end of the lateral semicircular canal. 


*Johnsson L-G. Personal communication. 
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TABLE 1 CASE MATERIAL, CLINICAL DIAGNOSIS, AND HISTOPATHOLOGICAL FINDINGS OF 
ENDOLYMPHATIC HYDROPS 
fT OOOO °*“iŻ<—<țíț<a<ța<ațaammrramamamamamamamamamamamamamamamamamamamamamamamaaaaaaaaaaaaaaaaaooġů 


Age at Duration of Presence of 
Case Sex Death Disease Diagnosis Hydrops 
j] M 53 12 Probable Menieére’s rt. Rt. yes; Lt. no 
2 F 77 28 Probable Menieére’s bilateral Rt. yes; Lt. no 
3 F 71 29 Definite Menieére’s rt. Rt. yes; Lt. no 
4 F 75 10 Probable Meniere’s rt. Rt. ves; Lt. no 
5 F 67 1p Definite Menieére’s rt. Rt. yes; Lt. no 
6 F 85 15 Probable Meniére’s It. Rt. yes; Lt. yes 
7 F 84 15 Sensorineural hearing loss rt. Rt. —; Lt. yes 
8 M 58 9 Definite Menière’s rt. Rt. yes; Lt. no 
9 F 29 — Sensorineural hearing loss bilateral Rt. yes; Lt. no 
10 M 85 25 Probable Menière’s lt. Rt. no; Lt. no 
1] M 64 29 Congenital syphilis Rt. yes; Lt. ves 
12 M 68 27 Probable Meniére’s bilateral Rt. yes; Lt. no 
13 F 59 18 Definite Meniére’s bilateral Rt. yes; Lt. yes 
14 M 84 53 Definite Meniére’s bilateral Rt. yes; Lt. no 
15 F 55 4 Probable Meniere’s rt. Rt. yes; Lt. no 
16 M 82 — Probable Menière’s bilateral Rt. yes; Lt. no 
17 F 48 2 Probable Menieére’s rt. Rt. yes; Lt. no 


Therefore, we found no correlation between gangli- 
on cell loss and hydrops. 


Stria Vascularis. The stria vascularis was 
atrophic in most cases with hydrops, but this condi- 
tion did not correlate with hearing loss. 


As previously described by many authors,!°?!:?? 
hearing loss and abnormal vestibular response in 
endolymphatic hydrops did not seem to result from 
degenerative changes in the sensorineural elements 
or in the ganglion cell population. 


MATERIAL 


Case material (Table 1) is based on seven males and ten 
females. Mean value of duration of disease was 19 years, with ex- 
tremes of 2 and 53 years. Mean age of death was 67 years, with 
the youngest 29 and the oldest 85. 

Of the 24 ears of these 17 patients, 7 ears from 5 patients were 
clinically categorized as definite Meniére’s disease,* ie, with 
documented fluctuating sensorineural hearing loss, and with an 
association of episodic vertigo, tinnitus, and pressure in most 
cases. Eleven ears from nine patients were clinically categorized 
as probable Meniere’s disease, ie, with episodic vertigo and a 
history of fluctuating hearing loss that was not documented on the 
hearing tests. One of these 11 ears showed no hydrops on histo- 
pathological examination. Two ears were from one patient with 
the diagnosis of congenital syphilis. Four ears were from four pa- 
tients with nontypical history. 


CLINICAL-HISTOPATHOLOGICAL CORRELATIONS 


These four clinical categories were correlated 
with the presence or absence of endolymphatic hy- 
drops. Table 2 shows that in all cases of definite 
clinical Meniére’s disease, endolymphatic hydrops 
was present. In cases of probable Menieére’s disease, 
all but one case showed the presence of endolym- 
-phatic hydrops. The patient with congenital syph- 
ilis and severe bilateral hydrops had a clear history 
of episodic vertigo and fluctuating hearing loss in 
both ears. Of the four patients with an unclear 


° "Denia A, Jenkins H, Baloh R. Meniere's disease: a workable classifica- 


tion. Unpublished data. 


history, but with endolymphatic hydrops, two with 
the clinical diagnosis of unilateral Meniére’s disease 
showed bilateral endolymphatic hydrops; the other 
two patients, with unilateral endolymphatic hy- 
drops (on the cochlear duct and also in the ves- 
tibule), were diagnosed as having sensorineural 
hearing loss. 


These criteria for classification of Meniére’s 
disease appear to be accurate. Of 18 ears classified 
as definite or probable Menieére’s disease, only 1 did 
not show a hydrops. This could either be an error in 
diagnosis or Meniére’s disease without hydrops. Of 
the six cases of bilateral hydrops, two were diag- 
nosed as unilateral Meniére’s disease. These may be 
examples of conservative diagnostic criteria. Of the 
two patients with endolymphatic hydrops who 
were diagnosed as having a sensorineural hearing 
loss, one diagnosis could be explained by the fact 
that the long duration of the disease could change 
the symptomatology to that of inactive Meniére’s 
disease, with no fluctuating symptoms. In the other 
case, the clinical history was poor. 


Hearing loss, vestibular symptoms, and evolution 
of the disease were correlated with histopatholog- 
ical findings. Studied were correlations between the 
hearing test and the increased area of the cochlear 
duct, between the vestibular symptoms and electro- 
nystagmography and the histopathological findings 
in the vestibule, and between the duration of the 
disease and the increased volume of the endolym- 
phatic system. 


TABLE 2. CORRELATION BETWEEN THE CLINICAL 
DIAGNOSIS AND THE PRESENCE OR ABSENCE OF 
ENDOLYMPHATIC HYDROPS 


Presence Definite Probable Congenital Other 


of Hydrops Meniére’s Meniére’s Syphilis Diagnosis 


No — l — - 
Yes rd 10 2 4 
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Fig. 11. Dilated saccule in contact with the utricle. 


Vestibular Membranes. Dilation of the saccular 
membrane can extend towards the footplate, the 
utricle, and the nonampullated end of the lateral 
canal. The saccule was pressed against the footplate 
(Fig. 9) in ten cases; bulged inside the nonam- 
pullated end of the lateral canal (Fig. 10) in five 
cases: dilated but not in contact with any structure 
in four cases: dilated and in contact with the utricle 
(Fig. 11) in two cases; found with fibrotic adhesions 
on the wall on the vestibule (anterior or posterior to 
the footplate) in five cases; collapsed (Fig. 12) in 
three cases. In contrast to the frequent dilation of 
the saccule, the utricle appeared normal or slightly 
dilated in five cases. 


These observations led to the following findings. 
1) When the saccule was pressed against the foot- 
plate or bulging into the nonampullated end of the 
lateral canal. there was a moderate or severe dila- 
tion of the cochlear duct. 2) In cases with only a 
slight bulge in the apical turn, the saccular mem- 
brane was not dilated. 3) In cases of bilateral Men- 
ière’s disease. the saccule was dilated more on the 
side with greater dilation of the cochlear duct. 
Therefore, we conclude that a correlation exists be- 
tween dilation of the cochlear duct and of the sac- 
cular membranes. 


VESTIBULAR AQUEDUCT AND ENDOLYMPHATIC SAC 


Correlation between vestibular disorders and the 
endolymphatic system was first demonstrated in 
fish.'® Later animal experiments have shown that 
destruction of the endolymphatic sac leads sooner or 
later to endolymphatic hydrops.'® Accordingly, we 
searched for morphological changes in the vestib- 
ular aqueduct and in the endolymphatic sac that 
might identify a possible cause of endolymphatic 
hydrops. An irregularity of the osseous canal wall?’ 
was found in six cases (Fig. 13). In one case, the 
beginning of the vestibular aqueduct was blocked 
by abnormal bone in all serial sections (Fig. 32A, 
C). In another case, the orifice of the vestibule was 
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Fig. 12. Collapse of the wall of the saccular membrane. 


blocked by ossification inside the vestibule 
(postlabyrinthectomy) (Fig. 27A), but it appeared 
normal as it traversed the posterior face of the tem- 
poral bone toward the sac. In one case of congenital 
syphilis and bilateral severe hydrops, the vestibular 
aqueduct was blocked by microgummate consisting 
of perivascular round cell accumulation. In seven 
temporal bones with endolymphatic hydrops the 
vestibular aqueduct and endolymphatic duct did 
not show any significant morphological change. In 
four temporal bones with previous surgery, visuali- 
zation of the vestibular duct and endolymphatic sac 
was difficult. In conclusion, our study of the en- 
dolymphatic sac showed no consistent morpholog- 
ical changes. 


SENSORINEURAL ELEMENTS 


Hair Cells. Considering the ages of the patients, 
autolysis postmortem, and artifacts introduced dur- 
ing the processing, no direct correlation was found 
between endolymphatic hydrops and hair cell loss. 
In unilateral cases of hydrops, there were no signifi- 
cant differences between the neural elements of the 
two ears. 


Ganglion Cells. The ganglion cell population was 
decreased in some cases with severe endolymphatic 
hydrops, but in other severe cases it was normal. 





Fig. 13. krogaariy of the osseous canal wall of the 
vestibular aqueduct. “ 
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Fig. 14. Horizontal midmodiolar section of the temporal 
bone. The five areas of the cochlea examined are the 
anterior and posterior basal turns (AB and PB), anterior 
and posterior middle turns (AM and PM), and the apical 
turn (W), 


Increased Area of the Cochlear Duct and Hearing 
Loss. Fifteen temporal bones, chosen from a group 
of 23, provided data necessary to permit a correla- 
tion between the increased volume and hearing loss. 
Excluded from study were cases with audiometric 
results not available, with artifacts in the midmod- 
iolar sections, and with a surgical procedure that 
had modified one of these parameters. 


A variant of a method described by Antoli- 
Candela’® was used. A midmodiolar section from 
each temporal bone was used to estimate the in- 
creased area of the cochlear duct. To provide a 
reference for each temporal bone, the five areas of 
the cochlea examined in horizontal midmodiolar 
sections were labeled (Fig. 14). To measure the in- 
creased volume of the cochlear duct, the horizontal 
midmodiolar sections were projected with a Bausch 
and Lomb trisimplex microprojector, and the area 
of the distended scala media was calculated by out- 
lining this area with a compensating polar plan- 
imeter. * 


The percent increase in volume was estimated by 
measuring each area of the scala media in a 
midmodiolar section and calculated by using a 
mean value from ten normal temporal bones. In 
cases of unilateral hydrops, the normal con- 
tralateral side was used when available. A com- 
puter system} performed the statistical analysis of 
these data. Mean value, standard deviation, cor- 
relation coefficient (r), and level of significance (P) 
were calculated and used to perform statistical 
tests.7° 


Purposes of this study were : 1) to correlate the 
total volume increase of the cochlear duct in the 
midmodiolar sections with the average hearing loss 
for pure tones, 2) to correlate the volume increase in 


*Kueffel and Esser Co. II. 62.0022. 


tNicolete Med 80, 


TABLE 3. RESULTS SHOWING THE CORRELATION 
BETWEEN THE INCREASED VOLUME OF THE SCALA 
MEDIA IN EACH AREA AND THE HEARING LOSS TO THE 


FREQUENCY CORRESPONDENT 


Correlation 


Coefficient Level of 
Area of Frequency (r) Between Significance 
Cochlea in of Maximum Increased (P) of 
Midmodiolar Sensitivity Volume and Correlation 
Section (kHz) Hearing Loss _ Coefficient (r) 
Anterior basal 0.4 0.463 0.05 
Posterior basal 1, 2 0.569 0.01 
Anterior middle 0.5 0.482 0.05 


Posterior middle 0.25 0.315 _ 


each area and the hearing loss for the corresponding 
frequency,’**5 and 3) to correlate the relative in- 
creased volume and hearing loss in each temporal 
bone. The third correlation was done to determine 
whether a larger volume increase in the cochlear 
areas of a given ear correspond to the frequencies of 
the audiogram with a greater hearing loss. 


In the sample of 15 temporal bones, statistical 
analysis indicates a significant correlation (P = 0.01) 
between the total increased volume of the cochlear 
duct and the average hearing loss (r = 0.638) (Fig. 
15). A clear correlation between the increased vol- 
ume of the scala media in each area and the hearing 
loss in the frequency corresponding to that area is 
apparent for every turn except the posterior middle 
turn (Fig. 16A-D). No reason to explain this fact 
was found. Results are shown in Table 3. 


To determine whether a relationship exists be- 
tween relative increased volume and hearing loss in 
each temporal bone, a correlation was done be- 
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Fig. 15. Total increased volume of the cochlear duct ver- 
sus average hearing loss. 
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tween the relative volume of each area and the 
relative hearing loss of the tone corresponding to 
that area. To measure the relative increase of 
volume and hearing loss, the difference between the 
actual value corresponding to the area and the 
average value for the whole cochlea was used. The 
test of independence did not show a significant cor- 
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increased Volume in ant. basal turn (%) 


Hearing Loss (dB) 


increased Volume in post. middle turn (%) 


Hearing Loss (dB) 








Increased Volume in post. basal turn (%) 


increased Volume in ant. middle turn (%) 
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relation. Furthermore, the estimated value of the 
correlation coefficient was close to zero (Fig. 17). 
This lack of correlation indicates that results of the 
audiogram of a patient with Meniere’s disease do 
not aid in predicting in which area the increased 
volume of the scala media will be greater in relation 
to the frequency correspondent. 
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Fig. 16. A) Increased volume in the anterior basal turn versus nen De loss in the frequency 4 kHz. B) Increased volume 


in the posterior basal turn versus hearing loss in the frequencies 1 and 2 
turn versus hearing loss in the frequency 0.25 kHz. D) Increase 


frequency 0.5 kHz. 


Hz. C) Increased volume in the posterior middle 


d volume in the anterior middle turn versus hearing loss in the ` 
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Fig. 17. Belativ- increased volume versus relative hear- 
ing loss in each tu n of 15 temporal bones. 


These observations demonstrate a correlation be- 
tween total increased volume of the cochlear duct 
and average hearing loss. This correlation is 
strengthened by the finding in unilateral cases of 
hydrops of no siznificant differences between the 
neural elements cf -he diseased ear and those of the 
normal ear. 


Vestibula~ Syraptoms and Electronystagmogra- 
phy with Histopethological Findings in the Vesti- 
bule. The parpos2 was to correlate the frequency of 
vertigo and results of electronystagmography 
(ENG) with dilation of the saccule and utricle and 
with partictlar features of the semicircular canals. 
Frequency əf vertigo was classified into three 
groups: more than -wo attacks per week, from one 











TABLE 4. CORRELATION BETWEEN FREQUENCY OF 
VERTIGO AND DILATION OF THE SACCULAR 
MEMBRANE 
usa 

Frequency of Attacks 


Dilation 2-3X 1-4X Fewer Than 
of Saccule Per Week Per Month Once a Month 

Severe 4 1l 4 

Moderate 0 l 0 

Slight 0 0 l 

Normal 0 l ] 


to four attacks per month, and fewer than one at- 
tack a month. The amount of dilation of the sac- 
cular membranes was arbitrarily classified as 
severe, moderate, or slight. 


Correlation between the frequency of vertigo and 
the dilation of the vestibular contents can be seen in 
Table 4. Except for the fact that all patients with 
frequent attacks of vertigo had severe dilation of the 
vestibular contents, there was no significant rela- 
tionship between these two parameters. This is em- 
phasized in three patients with few attacks of ver- 
tigo whose saccule was found dilated against the 
footplate. 


The correspondence between results of ENG 
(spontaneous nystagmus, positional testing, and ca- 
loric tests) and the vestibular contents was studied. 
In four patients with normal ENGs, the membranes 
of the saccule and utricle were normal or slightly 
dilated but never in contact with the footplate. In 
three patients whose ENGs showed no response to 
caloric testing, the saccular membrane was greatly 
dilated. Of them, two with no caloric response had 
the saccule against the footplate (Fig. 18); the other 
patient, whose ENG showed no response bilateral- 
ly, had the saccule against the footplate on one side 
and extending eight tenths of the distance to the 
footplate on the other side. Two patients who 
showed maximal positional nystagmus in the supine 
position had the saccule against the footplate, one 
with bulging of the saccule into the nonampullated 
end of the lateral semicircular canal. In addition, 
W ey pese i, 

Be aa EE proto 

a iee ; vy eee: aR x Ks 





j Saccule pressed 
against footplate 





‘i Fig. 18. A) Dilation of the saccular membrane pressed against the footplate. B) Magnification of area with saccule 


pressed against Hotplate. 
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Fig. 19. Duration of disease versus increased volume of 
the cochlear duct. 


the posterior canal showed fibrous tissue amd giant 
cells in one of these cases and ossified tissue in the 
other. 


From these observations, the following are ap- 
parent: 1) A correlation exists between the amount 
of dilation of the vestibular contents and the re- 
sponse to caloric tests. 2) In cases of positional nys- 
tagmus, some abnormalities were found in the semi- 
circular canals. 


Duration of the Disease and Histopathology. The 
purpose was to correlate the duration of the disease 
with increased volume of the cochlear duct and 
hearing loss, and the duration of the disease with in- 
creased volume of the vestibular contents. 


To correlate the duration of the disease with the 
increased volume of the cochlear duct and also with 
the average hearing loss, statistical methods de- 
scribed previously were used. 


A statistically significant relationship was found 
(r = 0.767; P = 0.0005) between the duration of the 
disease and the increased volume of the cochlear 
duct (Fig. 19). A statistically significant relation- 
ship was also found (r= 0.661; P = 0.005) between 
the duration of the disease and the average hearing 
loss (Fig. 20). Patients with longer durations of the 
disease had greater volume increases of the cochlear 
duct and greater hearing losses. 


There was some correlation between the-duration 
of the disease and the behavior of the vestibular 
content (saccule): patients whose disease lasted less 
than ten years had slight or no dilation of the sac- 
cule, while patients whose disease lasted more than 
ten years showed severe distention of the saccule. 


CASE REPORTS 


Through ten case reports, this section illustrates 


Hearing Loss (dB) 





Duration of Disease (yrs.) 


Fig. 20. Duration of the disease versus average hearing 
loss. 


the response to medical and surgical treatment and 
describes some unusual histopathological findings. 


In this group of cases, seven patients underwent 
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Fig. 21. (Case 1) Audiogram and ENG results. š 
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one or more of the following surgeries: transcanal 
labyrinthectomy, endolymphatic subarachnoid 
shunt, otic-perotic shunt, and middle fossa eighth 
nerve section. A summary of the clinical history and 
histological findings is given for each case. Results 
of electronystagmography and of the last audio- 
metric test before death are illustrated. The in- 
creased area of the endolymphatic system is shown 
by a shadowed area in a schematic diagram of the 
cochlea and vestibule. Also, a photograph of the 
main histopa:hological findings is presented. 


Case 1. This white male was first seen at the age of 51 years 
with symptomatology of right Meniére’s disease of six years dura- 
tion. He was previously treated medically and by ultrasound ther- 
apy without improvement. He had severe sensorineural hearing 
loss on the right side. ENG showed a spontaneous and positional 
nystagmus; the bitherma. caloric test revealed no response on the 
right side (Fig. 21). Petrous pyramid x-rays were normal. Because 
of the failure of medical treatment, the patient underwent an en- 
dolymphatic subarachnoid shunt in May 1964, and was free of 
vertigo for 18 months. Then vertigo recurred. The patient died in 
December 1966 of an unrelated cause. 


The temporal bone showed a collapsed Reissner’s membrane in 
all of the turns and an important dilation of the saccular mem- 
brane against the footplate and extending into the nonampullated 
end of the lateral semicircular canal (Fig, 22A,B). The macula of 
the saccule preser:ted spaces in the sensory epithelium, suggesting 
some degeneration in this area, Unfortunately, the medial walls 
of the sac and shant tube were lacking in this specimen. 


COMMENT. Tne presence of empty spaces in the sen- 
sory epithelium of the saccule suggests degeneration 
in this area, probably produced by ultrasound ther- 
apy. 


Case 2. This 68-year-old white female had a history of recur- 
rent vertigo, right tinnitus, and fluctuating hearing loss of ten 
years’ duration. Vertigo attacks became debilitating and her hear- 
ing in the affected ear unserviceable. There was total sensorineu- 
ral hearing loss om the right side (Fig. 23). Petrous pyramid x-rays 








Fig. 22. (Case 1) A) Temporal bone 
section and B) line drawing showing 
collapsed Reissner’s membrane with 
dilation of the saccule against the foot- 

late and extending into the nonampul- 
ated end of the lateral semicircular 
canal, 


revealed no evidence of dilation of the internal auditory canal. 
Accordingly, a labyrinthectomy was performed through a trans- 
canal oval window approach. Following surgery, she was con- 
stantly unsteady and had persistent tinnitus. ENG showed com- 
plete inactivity of the right ear, as expected after surgery. The pa- 
tient died at age 77 of an unrelated cause. 
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Fig. 23, (Case 2) Audiogram and ENG results. 


4K 











No Response on right 
No Preponderance 









MENIERE’S DISEASE AND ENDOLYMPHATIC HYDROPS 13 


The temporal bone showed a severe dilation of the cochlear 
duct (Fig. 24C). Inside the vestibule was a traumatic neuroma on 
the superior vestibular nerve, partially surrounded by new bone 
formation in the vestibule (Fig. 24A,B). The crista of the posterior 
canal was intact and some cupula was attached. A few neurons 
were seen, 


COMMENT. The limited area of destruction, per- 
sistence of the posterior canal, and the traumatic 
neuroma of the superior vestibular nerve probably 
explain her disability and recurrent dizziness 


Case 3. This 65-year-old female was first seen in June 1960, 
complaining of dizziness, nausea, and vomiting for several years. 
Each attack was preceded by buzzing and fullness of the right ear, 
characteristic of Meniére’s disease. Hearing was normal on the 
left side, with fluctuating hearing loss on the right. The ice water 
caloric test revealed no response on the right side (Fig. 25). She 





Fig. 24. (Case 2) A) Temporal bone 
section, B) magnification, and C) line 
drawing of vestibule filled by a trau- 
matic neuroma on the saccular nerve 
and partially surrounded by new bone 
formation in the vestibule. 


was treated by vasodilators without benefit. A subarachnoid en- 
dolymphatie shunt operation was performed in October 1961. 
From then to the last follow-up three years later, the patient had 
no vertigo, no pressure, only slight tinnitus, and her hearing re- 
mained the same, continuing to fluctuate. The patient died at age 
71 of an unknown cause. 


The temporal bone showed a severe dilation of the cochlear 
duct; the saccular membrane was pressed against the footplate 
(Fig. 265). Figure 26A shows the cerebellum and the area where 
the shunt tube was placed. There is no fibrotic reaction around 
the cerebellum, the pia, or the arachnoid where the opening for 
the shunt was performed. Unfortunately, in this section the open- 
ing from the end of the endolymphatic duct to the subarachnoid 
space cannot be traced. 


COMMENT. This patient underwent a shunt opera- 
tion that was successful, with complete control of. 
vertigo and slight improvement of hearing follow- 
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Fig. 25. (Case 3) Audiogram and ENG results. 


ing surgery. In the various histopathological sec- 
tions examined, communication between the endo- 
lymphatic sec and the subarachnoid space can be 
seen, but communication between the end of the 
endolympha-ic duct and the subarachnoid spaces 
cannot be seen clearly. 


Case 4. This 70-year-old female had severe attacks of vertigo 
and total hearing loss in the right ear following stapes surgery one 
year before. A transcanal right labyrinthectomy was performed in 
March 1964. Fellowing surgery, this patient was slightly un- 
steady, but free of vertigo. The patient died of an accident four 
years later. 


The right temporal bone presented severe dilation of the 
cochlear duct with herniation through the helicotrema (Fig. 
27B). The labyrinth was filled with new bone extending into the 
semicircular canals and the beginning of the endolymphatic duct, 
which was blocked by the ossification of the vestibule (Fig. 27A). 
However, a few -ibers can be seen in the area where the macula of 
the saccule would normally be found. 


COMMENT. Ossification of the vestibule is probably 
secondary to the transcanal labyrinthectomy. The 
endolymphat c hydrops could have been present be- 
fore the first surgery; if so, that would explain why 
the stapedectomy was followed by a total hearing 
loss. Or, hydrops could have been secondary to 
cither of the surgeries. Slight unsteadiness postsur- 
gically could be related to partially remaining 
structures of the vestibular content. 


„ Case 5. This @-year-old female had a typical history of Men- 
iere’s disease of siz years’ duration: attacks of vertigo two or three 


times a week, fluctuating hearing loss, tinnitus, and pressure in 
the right ear. There was bilateral sensorineural hearing loss. The 
ENG was normal (Fig. 28D). After failure of a medical treatment 
(vasodilation and histamines), she underwent an endolymphatic 
subarachnoid shunt operation in July 1971, with temporary relief 
for one year. A year later her problem returned and a revision was 
done. The evaluation was favorable for almost a year, but 
because symptoms recurred anew, a middle fossa vestibular nerve 
section was performed after one year. F ollowing this surgery, the 
patient was free of vertigo and hearing stabilized at the same level 
as before the nerve section. She developed facial nerve paralysis 
postoperatively. The patient died in June 1976, of an unrelated 
cause. 


The histopathologic report showed that the cochlear duct was 
almost normal except in the hook area where Reissner’s mem- 
brane was prolapsed into the vestibule and applied to the under- 
side of the footplate (Fig. 28F). The saccular membrane was 
somewhat collapsed (Fig. 28A). The posterior and superior canals 
were filled with fibrous and osteoid tissue. The left temporal bone 
was normal. 


COMMENT. Although the posterior and superior 
canals were filled with fibrous and osteoid tissue 
(Fig. 28C), probably secondary to the first opera- 
tion, the hearing remained stable. After the vestib- 
ular nerve section, the superior and inferior vestib- 
ular nerves had degenerated (Fig. 28E), but the 
hair cells in the utricle and the ampulla of the pos- 
terior canal appeared almost intact. Although the 
patient had a facial nerve paralysis postoperatively, 
no surgical damage or degeneration of the nerve 
was seen (Fig. 28B). 


Case 6. This 75-year-old female complained of recurrent 
episodic vertigo and unsteadiness of six years’ duration, associated 
with a fluctuating hearing loss, tinnitus, and pressure in the left 
ear for the last six months. There was a severe sensorineural hear- 
ing loss on the same side. The ENG showed maximum positional 
nystagmus in the supine position, but the caloric test was normal 
(Fig. 29B). Petrous pyramid x-rays were normal. Medication was 
of no benefit and the patient underwent an otic-perotic shunt in 
April 1964. (This operation consists of the insertion of a platinum 
tube through the round window membrane and through the bas- 
ilar membrane.) Following this procedure the hearing remained 
stable and the pressure and vertigo subsided, but the patient suf- 
fered constant unsteadiness and continued tinnitus. Because these 
symptoms persisted, she underwent a transcanal labyrinthectomy 
on the left side six months later. In the follow-up unsteadiness 
continued and tinnitus became progressively worse, constant, and 
bilateral, but more severe in the left and changing with position. 
The patient died at age 85 of unknown causes. 


The temporal bone showed Reissner’s membrane greatly dis- 
tended in all turns of the cochlea (Fig. 29D). The utricle and am- 
pulla of the semicircular canals appeared normal. The membrane 
of the saccule was collapsed upon the sensory epithelium. There 
was a defect in the bone of the promontory, just at the round win- 
dow. The basal turn was filled with fibrous tissue, part of which 
was ossified, but with no involvement of the labyrinth (Fig. 
29A,C). A large artery extended into the internal auditory canal 
as far as Scarpa’s ganglion (Fig. 29E). 


COMMENT. The fact that all the labyrinthine mem- 
branes stayed in place could explain the constant 
unsteadiness after a labyrinthectomy with only 
“suction” of the vestibular contents. Growth of new 
bone into the cochlea or vestibule is common after 
any surgery that violates these spaces, such as inser- 
tion of a platinum tube in the hook area in this case. 
The constant and severe tinnitus in the left ear, 
which was relieved by changes in position, could be 
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explained by the presence of the large artery in the 
internal auditory canal. 


Case 7. This 81-year-old female complained of total hearing 
loss on the right side after a stapes mobilization performed 20 
vears before, a progressive hearing loss in the left ear fer 12 years, 
and moderate tinnitus in the left. She also related some unstead- 
iness, but no vertigo. Audiometric findings showed no response on 
the right and a sensorineural hearing loss on the left (Fig. 30). 
Petrous pyramid x-rays were reported as “presumptive evidence 
of labyrinthine otosclerosis, bilateral.” Surgery was not recom- 
mended. The patient died at age 84 of unknown causes. 


The left ear showed a moderate to severe bulging of Reissner's 
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Fig. 26. (Case 3) A) Temporal bone 
section and B) line drawing showin 
cerebellum, vestibular aqueduct, ann 
the mastoid cavity after endolymphatic 
subarachnoid shunt surgery. 


membrane and a severe dilation of the saccule in contact with the 
footplate and bulging into the nonampullated end of the lateral 
semicircular canal (Fig. 31B). The entire cochlea and the superior 
and lateral canals were ossified in the right temporal bone (Fig. 
31A). The labyrinth was filled with fibrous tissue and with 
bundles of fibers from the superior vestibular nerve. 


COMMENT. The right ear could have had hydrops 
prior to surgery, and apparently an infection devel- 
oped when the vestibule was opened. In spite of the 
severe bulging of the cochlear duct and saccule in 
the left ear, the patient complained only of “bal- 
ance trouble.” 





Fig. 27. (Case 4) A) Temporal bone 
section and B) line drawing showing 
the labyrinth filled with new bone ex- 
tending into the semicircular canals and 
the beginning of the endolymphatic 
duct. 
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Fig. 28. (Case 5) A) Horizontal mid- 
modiolar section showing a normal 
cochlear duct except for the hook area. 
where Reissner’s membrane is pro- 
lapsed into the vestibule and pressed 
against the footplate. The saccular 
membrane is collapsed. B) Although 
the patient suffered postoperative facial 
nerve paralysis, no surgical damage or 
degeneration of the nerve is seen. C) 
Posterior semicircular canal filled with 
fibrous and osteoid tissue. D) Audio- 
gram. E) Degeneration of the vestib- 
ular nerve after vestibular nerve sec- 
tion. F) Line drawing of area shown in 
A. 
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Fig. 29. (Case 6) A) Basal turn filled 
with fibrous and osseous tissue. B) Au- 
diogram and ENG results. C) Magnifi- 
cation, and D) line drawing of area 
shown in A. ©) Large artery extending 
into the internal auditory canal as far as 
Scarpa’s ganglion. 
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Fig. 30. (Case 7) Audiogram. 


Case 8. This 29-year-old female, hospitalized for treatment of 
diabetes, was seen seven days after the onset of buzzing in both 
ears and a severe hear ng loss. Dizziness and fluctuating hearing 
did not occur previous y. Because she was confused when seen. a 
complete history was not obtained. Examination of her ears. nose, 
and throat revealed no-significant abnormalities. Clinical and au- 
diometric examinatior revealed no response in either ear, She 
died during hospitalization from diabetic complications three 
days later. 


Histopathological sections revealed a normal right temporal 
bone. The left showec moderate to severe bulging of Reissner’s 
membrane in the coch ez and a severe dilation of the saccule in 
contact with the footp ate (Fig. 32A,B). Interestingly, this tem- 
poral bone showed abaormal bone obstructing the beginning of 









Cochlea with new bone 


Vestibule with 
fibrous tissue 


the endolymphatic duct (Fig. 32C), which was seen in all serial 
sections. 


COMMENT. Histopathological findings were consis- 
tent with those of unilateral endolymphatic hy- 
drops. In this case there were two factors that could 
have influenced the development of hydrops: ab- 
normal bone growing and obstructing the begin- 
ning of the endolymphatic duct, and clinical evi- 
dence of a severe metabolic disorder. However, a 
definite assessment cannot be made. 


Case 9. This 77-year-old male suffered attacks of vertigo once 
or twice a month, pressure, tinnitus, and an undocumented fluc- 
tuating hearing loss in the left of 16 years’ duration. Neurological 
evaluation, petrous pyramid x-rays, and ENG were normal. 
There was a bilateral sensorineural hearing loss (Fig. 33B). The 
clinical diagnosis was unilateral left Meniére’s disease. 
Vasodilators and sublingual histamines were prescribed. In spite 
of medical treatment, episodic vertigo and hearing loss persisted. 
The patient died at age 85 of unknown causes. 


The temporal bone showed no dilation of the endolymphatic 
duct system (Fig. 33A). 


COMMENT. Although the clinical study was com- 
patible with the diagnosis of Meniére’s disease, 
there was no hydrops in the endolymphatic system. 


Case 10. This 60-year-old male was examined for progressive 
hearing impairment of 25 years’ duration, with a sudden decrease 
in hearing four weeks previously. He also complained of episodic 
rotary vertigo, unsteadiness worsened by walking in the dark, bi- 
lateral tinnitus, and pressure in the ears. This patient had been 
treated for congenital syphilis that was first diagnosed when he 
was 16, when interstitial keratitis set in. There was bilateral sen- 
sorineural hearing loss. ENG revealed no response on either side 
to the caloric test (Fig. 34F). The patient died of a heart attack 
three years after the first visit. 


The temporal bone showed an important dilation of both 
cochlear ducts (Fig. 34A,B,D). The vestibular membranes also 
presented severe distortion: the saccular membrane was pressed 
against the footplate on the left side and on the right side the sac- 
cule extended eight tenths of the distance to the footplate. An in- 


j 








Fig. 31. (Case 7) A) Temporal bone 
section, and B) line drawing showing 
cochlea, superior, and lateral canals 
ossified in the right temporal bone. 
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flammatory process obliterated the vestibular aqueduct on both 
sides. The vestibular aqueduct disappeared into a microgumma 
consisting of perivascular round cell infiltration and føreign body 
giant cells. This lesion extended into the posterior canal. On the 
eighth nerve on the left side, Schwann cells, lymphocytes, and 
giant cells proliferated (Fig. 34C). These lesions were also found 
in the osseous wall and labyrinthine membranes (Fig. 34E). 


COMMENT. It appears that the hydrops was secon- 
dary to an obliteration of the vestibular aqueduct 
by a luetic process in both ears. The reason for the 
vestibular symptoms could be the hydrøps or it 
could be traced to the gummata on the eighth nerve 
and the invasion of the posterior canal by the luetic 
process. 








Fig. 32. (Case 8) A) Horizontal mid- 
modiolar section, and B) line drawing 
showing severe dilation of the endolym- 
Sa. phatic system and abnormal bone. C) 

p 7e Magnification of the abnormal bone 
: obstructing the beginning of the*en- 
dolymphatic duct. 


SUMMARY 


This study is based on 17 patients chosen because 
of either their histopathological evidence of hydrops 
or their clinical history of Meniére’s disease. Aims of 
the study were to describe the histopathological 
findings of 23 temporal bones with endolymphatic 
hydrops and to correlate, if possible, these findings 
with clinical histories. : 


Histopathological Findings. In all temporal 
bones the cochlear duct in the apical turn was di- 
lated. In cases of severe hydrops the greatest bulg-. 
ing of Reissner’s membrane was in the middle and 
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Fig. 33. eCase ©) A) Line drawing of temporal bene 
showing no dilatioa of the endolymphatic duct system. B) 
Audiogram. 


basal turns. In cases of severe hydrops the amount 
of dilation af the cochlear duct corresponded with 
the amount of dilation of the saccule. In contrast. 
dilation of the utricle was absent or slight. Mor- 
phological changes in the labyrinthine membrane 
consisted of collapsed Reissner’s membrane, pro- 
liferation of cells in the distended Reissner’s mem- 
brane, and fibrosis between the labyrinthine wall 
and endostea. layers. Presence of antemortem rup- 
tures and healing was not demonstrated. 


No major abnormalities were found in the vestib- 
ular aqueduet or endolymphatic sac, except in two 
cases with a blocked vestibular aqueduct. No spe- 
cific degenerative changes in sensorineural elements 
or stria vascu_aris were observed. 


Clinical-Histopethological Correlations. Clinical 
diagnosis of Meniere’s disease was classified as fol- 
lows: definite Meniére’s disease (episodic vertigo 


and documented fluctuating hearing loss) and prob- 
able Meniere’s disease (episodic vertigo, but no doc- 
umentation of fluctuating hearing loss). Correlation 
between clinical diagnosis of Meniére’s disease, as 
defined above, and the presence of endolymphatic 
hydrops was valid in 80% of the cases. Of the re- 
maining 20%, 10% had bilateral endolymphatic 
hydrops and were diagnosed clinically as unilateral 
Meniere's disease. Of the other 10%, half were 
clinically diagnosed as Meniére’s disease with no 
findings of hydrops; half were not diagnosed as 
Meniere's disease, but evidence of hydrops was 
found. 


The increased area of the cochlear duct showed 
statistical correlation with the duration of the dis- 
ease and with the total average hearing loss. A cor- 
relation was also found between the increased area 
in each turn of the cochlea and its corresponding 
frequency, except for the posterior middle area. For 
a given cochlea, these two parameters were distri- 
buted as independent events. 


In the vestibular system a correlation was found 
between the severity of the symptom and the dila- 
tion of the saccular wall. 


Case Reports. Histopathological findings of ef- 
fects of surgery are reported. Of three patients who 
underwent transcanal labyrinthectomies, one had a 
traumatic neuroma in the labyrinth; two showed 
only partial removal of the labyrinthine structures, 
with remnants left in contact with neural fibers. Of 
four patients who underwent endolymphatic sub- 
arachnoid shunts, two had total control of vertigo; 
histopathological findings were severe endolym- 
phatie hydrops in one case and moderate in the 
other. The other two had temporary relief of ver- 
tigo; histopathological findings were collapse of the 
cochlear duct in one case and collapse of the saccule 
in the other. 


CONCLUSION 


Two factors, the frequency of deformity in the 
labyrinthine membranes and the clear statistical 
correlation between dilation of the labyrinthine 
membranes and clinical symptoms, suggest that en- 
dolymphatic hydrops has a direct effect on the 
symptoms of Meniere’s disease. Assuming this is 
true, two conclusions can be drawn: 1) The me- 
chanical effect of this endolymphatic hydrops in the 
production of symptoms of Meniére’s disease seems 
significant. In this study no ruptures were seen, and 
a biochemical effect of possible ruptures seems 
unlikely. 2) Any therapy that aims to reduce the ex- 
cess accumulation of endolymph is theoretically 


valid. 


During the course of Meniére’s disease Reissner’s 
membrane may be permanently impaired, with no 
capacity to recuperate its physical properties. 
Therefore, treatment should be directed towards 
minimizing the possibility of permanent change. 
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Fig. 34. (Case 10) A) Midmodiolar 
section, and B) line drawing showing a 
severe distortion of Reissner’s mem- 
brane. C) Lymphocytes and giant cells 
on the eighth nerve on the left side. D) 
Line drawing showing dilation of coch- 
lear duct. E) Microgumma consisting of 
ee round cell infiltration and 
oreign body giant cells found in the os- 
seous wall and labyrinthine membranes. 
F) Audiogram and ENG, results, a 
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From the correlation found between clinical 
symptoms and histopathological evidence of hy- 
drops, it can be assumed that episodic vertigo and a 
history of fluctuating hearing loss, even if undocu- 
mented, are sufficient for the diagnosis of Meniére’s 
disease after other possibilities have been elim- 
_ inated. 


Histopathological findings of patients who re- 
mained unsteady after labyrinthectomy by trans- 
canal approach showed a traumatic neuroma or 
remnants of vestibular structures. Therefore, when 
a destructive procedure is indicated, an eighth 
nerve section may prove more successful than a 
transcanal labyrinthectomy. 
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The anatomy of the human endolymphatic duct system of three cases — ome with Meniére’s syndrome (with no histopathological evi- 
dence of endolymphatic hydrops), one with Meniére’s disease (with histopatho-ogical evidence of endolymphatic hydrops), and one with 
no evidence of disease — has been studied by means of computer-aided and graphic reconstruction from serial sections of temporal bones. 
The reconstructions have revealed a canalicular arrangement of the epithelial liring of the rugose portion of the human endolymphatic sac. 
Accordingly, new nomenclature, “pars canalicularis,”” is suggested for this portion. The computer produced lateral and medial views of the 
endolymphatic duct and sac of the patient with Meniére’s syndrome. The competer also calculated the luminal volume, the surface area of 
the epithelium, and the surface-to-volume ratio of the rugose portion of the sae. 


In addition, the authors graphically reconstructed the rugose portion of the sac of all three cases. Measurements of the dimensions of 
these reconstructions were made, from which the luminal volume was estimated. The reconstructed images and the calculations allowed 
quantitative comparison of the microscopic anatomy of the rugose portion of the sac in the Meniere's syndrome and Meniere's disease ears 
with that in an ear without evidence of disease. 


Significant differences were found in the volumes of the rugose portion əf the sac of the three cases. The results suggest that the 
luminal volume of the rugose portion of the sac of Meniére’s disease patients may be significantly reduced. The authors speculate that en- 
dolymphatic hydrops may be the result of a loss of epithelial surface area in the canalicular portion, thus diminishing its resorptive func- 
tion. 


* 


The computer and graphic reconstruction techniques in conjunction wita their analytical capabilities provide a new method for 
studying imner ear structures. These techniques have the potential to expand the capabilities of quantitative morphology and provide the 


means for deriving clinically useful data from histopathological and ultrastructural material. 


INTRODUCTION 


The role of the endolymphatic duct and sac in the 
etiology of Meniére’s disease is of increasing in- 
terest. Knowledge of the anatomy and physiology of 
the endolymphatic duct and sac in normal and 
pathological conditions is essential for progress in 
the proper treatment of patients suffering from 
Meniere's disease. 


This study aims to demonstrate the potential of 
computer-aided and graphic reconstruction tech- 
niques and associated quantitative analytical tech- 
niques for increasing knowledge of Meniere's dis- 
ease anc its pathological correlate, endolymphatic 
hydrops. 


Findings are discussed in relation to the new ana- 
tomical information revealed by the study and in 
relation to details of anatomy and physiolegy of the 
endolymphatic duct system. 


REVIEW OF THE LITERATURE 


Anatomy of the Endolymphatic Duct and Sac. 
The endolymphatic sac was discovered by Cotugno’ 
in 1774 and rediscovered by Boettcher’? in 1869. 


Ne iain amm erent 


Since then, many investigators have studied its an- 
atomy and possible functions. 


Guild, in his classic study of the structure, nor- 
mal eontents, morphology, and histology of the 
ductus and saccus endolymphaticus in the guinea 
pig, defined the ductus endolymphaticus as that 
“elongated narrow portion of the membranous 
labyrinth extending from the sacculus to the saccus 
endolymphaticus proprius.” The ductus endolym- 
phaticus proprius, on the basis of the structure of its 
wall, was subdivided into three portions: 


l. pars proximalis, lying entirely within the 
dilated portion of the vestibular aqueduct; 


2. pars intermedia, lying partly within the 
vestibular aqueduct and partly between the layers 
of the dura mater near its external aperture; 


3. pars distalis, lying in the dura mater. Its 
lumea may be patent or potentially patent. 


Topographically, the saccus endolymphaticus 
proprius is covered partly by bone and partly by the 
dura mater. Accordingly, Guild,’ Sterzi,* and Port- 
manr? called these respective parts “subosteal” and 


“intredural.” 


From the University of Rio de Janeiro, Brazil; the Ear Research Institute, the Electron’Microscopy Laboratory of the Ear Research Institute, the Depart- 
ment of Otolaryngology at the University of Southern California, and the Otologic "Medical! Group, Inc, Los Angeles; and the California Institute of 


Technology, Pasadena. 
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Bast and Ansoa,‘ studying reconstructions in cor- 
relation with se-ial sections, introduced new no- 
menclature for tne various portions of the human 
endolymphatic duct and endolymphatic sac, re- 
ferred to as the “endolymphatic duct system.” The 
endolymphatic cuct is divided into two parts, the 
“sinus” and the “isthmus,” and the endolymphatic 
sac into three pacts, the “proximal” or “rugose por- 
tion,” the “sac poper” or “enlarged flattened por- 
tion,” and the “ciszal projection.” 


Their reconstreczions by the Born method’ of the 
luminal space within the rugose portion of the en- 
dolymphatic sac showed the extent of the compli- 
cated folding of the lining epithelium seen in sec- 
tions. 


The irregular! > shaped excavations of the reconstruc- 
tions represent hillocks of tissue in the sections which 
project into the lumen of the duct; conversely, the 
ridges of the reccnstruction represent crypts in the tissue 
where the lining 2p:thelium extends downward into the 
supporting connective tissue layer.° 


The endolymphatic sac proper includes approx- 
imately two thirds of the sac and extends from the 
rugose portion to its distal projection. 


Zechnet and Adtmann® authored the most recent 
anatomical and aistological report on the human 
endolymphatic d ict and sac, based on the study of 
190 tempora. bores. Three main portions were dis- 
tinguishable in the adult: 


1. The vestibular portion, or sinus, of the duct 
begins with the confluence of the utricular and sac- 
cular duct and erds where the duct enters the bony 
vestibular aquedac:, 


2. The intraosseus portion, or isthmus, of the 
duct shows considerable variation in the width of 
the lumen. The cuet widens as it goes into the en- 
dolymphatic sac. 


3. The endolymphatic sac is partly contained 
within the wide dural portion of the bony canal (the 
vestibular aqued act); the remainder lies between 
the periosteal portion of the dura and the dura pro- 
per. 


The proximal ‘hird of the endolymphatic sac is 
within the perios eal layer of the bony capsule. 


The wail of this portion forms many true folds which 
protrude into the lumen and this part is therefore called 
pars rugosa . . . Scmetimes villi originating from op- 
posite sides of the wall meet and fuse thus subdividing 
the main lumen nto numerous compartments .. . In 
this way a complicated canalicular system is formed 
which represents an enormous enlargement of the sur- 
face of the wall cf the pars rugosa.” 

The distal twc thirds of the sac, “the pars in- 
traduralis,” lies between the two layers of the dura. 
In the adult the umen of this pars is narrow and 
slit-like. j 


- Labyrinthine Hydrops. The secretion of endo- 
lymph has been associated with the stria vascularis° 


and the plana semilunata within the ampullae, utri- 
cle, and saccule'™™ due to their histological and 
ultrastructural features compatible with secretory 
activity. 


Resorption has been associated with the external 
spiral sulcus of the cochlear duct? and the endolym- 
phatic sac due to their histological, ultrastructur- 
al,'* and physiological’ © features compatible with 
resorption. 


Today there is general agreement that at least 
part of the endolymph circulates from the cochlear 
duct to the distal portion of the sac. This portion has 
been considered the place of collection of endo- 
lymph and/or the “pressure regulator” of the Sys- 
tem. 


Recent studies have shown that endolymphatic 
hydrops, associated primarily with Menière’s dis- 
ease,'* is also seen in several other conditions.'!?-2 


Of the many theories on the cause of hydrops, 
almost all suggest either overproduction or faulty 
resorption of endolymph. Kimura and Schuknecht? 
proposed blockage of the endolymphatic duct and 
consequent excessive accumulation of endolymph as 
a cause of hydrops. Modern surgical procedures, 
such as otic-perotic shunt,**?> decompression of the 
endolymphatic sac,”* otic-mastoid shunt,” ° and 
endolymphatic subarachnoid shunt," are based 
on the assumption that these mechanical factors are 
the cause of the hydrops. 


METHODS 


Three temporal bones were selected from the Eccles Temporal 
Bone Laboratory of the Ear Research Institute for study: case 1, 
with Menieére’s syndrome (unilateral: episodic vertigo, fluctuating 
hearing loss, tinnitus, and fullness); case 2, with Meniére’s disease 
(the above symptoms plus histologically confirmed endolymphat- 
ic hydrops); and case 3, with no evidence of disease. All of these 
temporal bones contained the complete endolymphatic duct 
system from the vestibule to the distal portion of the sac. 


All bones were removed from 6 to 24 hours after death, placed 
in formaldehyde, decalcified in Versene®, and embedded in 
celloidin. Specimens were sectioned in the horizontal plane at an 
average thickness of 25 pm, and stained with hematoxylin and 
eosin. Cases 1, 2, and 3 had a total of 170, 90, and 110 sections 
respectively, which were numbered consecutively. 


Due to problems inherent in processing this many sections, 
some intersections were lost. However, in no case was the distance 
between two consecutive sections more than 100 um, ie, equivalent 
to four missing sections. To compensate for missing sections, 
duplicates or triplicates (as necessary) of the section before and the 
section after the missing section were used. This method avoided 
alterations in the anatomical size of the structure to be 
reconstructed. 


Pictures of each section were taken with the Zeiss photomicro- 
scope with a 2.5x objective and a total optical magnification of 
l0x. Negatives were printed on Kodak® fine grain positive film 
at a photographic magnification of approximately 7.5 times. 

Graphic Reconstruction. Graphic reconstruction of the rugose 


portion of the endolymphatic sac only was made in all three cases 
according to modifications of the method of Gaunt and Gaunt.” 


The use of photographs of histological sections on transparent 
film to reconstruct microstructures is based on overlapping sec- 
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tions by matching features appearing in one photograph with the 
same features appearing in the following photograph according to 
the methods of Sjöstrand”? and Fox et al.” Reference marks to in- 
sure accuracy of alignment were added to each photo. 


Only epithelial structures were traced from the pictures onto 
tracing paper. Connective tissue with blood vessels and the bony 
vestibular aqueduct were not traced. Tracings were consolidated 
on one sheet of graph paper by translating each successive tracing 
along the ordinate at the distance proportionate to the thickness of 
the section. Reference marks were aligned with parallel lines 
along the ordinate. 


Both the lateral and medial views were reconstructed. The line 
in the tracing represented the epithelium either on the lateral or 
medial side of the endolymphatic sac. This procedure yielded 
composite projections of the lateral or medial views of the three 
endolymphatic sacs studied. Shading was added to these projec- 
tions for comparison to the computer-aided reconstruction. 


Measurements of the dimensions of the reconstructions were 
taken. The length (superior-inferior) was calculated directly from 
the number of sections used and the average thickness of the sec- 
tions. The width (anterior-posterior) was calculated as the 
average of the measurements of the chord in each tracing connect- 
ing the ends of the arc of the concavity formed on the lateral side 
of the sac. The thickness (medial-lateral) was calculated as the 
average of the measurements of the median of the maximum and 
minimum diameters of the lumen in each tracing. 


Computer-Aided Reconstruction. The tracings of the epithe- 
lium of the endolymphatic duct, the rugose portion of the sac, and 
a truncated segment of the distal portion of the sac of case 1 were 
entered into a PDP 11/45 computer at California Institute of 
Technology. A magnetic pen was used to retrace the traeings onto 
a Tektronix® tablet. The computer programs of the image anal- 
ysis system developed by Shantz** and Shantz and McCann” pro- 
duced on a color video monitor, color-coded surface renderings of 
medial and lateral views of the duct and sac. These views were 
photographed with a 35 mm camera. 


In addition, the image analysis system was used to caleulate the 
luminal volume, epithelial surface area, and the sarface-to- 
volume ratio of the rugose portion of the sac. The measurements 
from graphic reconstructions of case 1 were compared to the 
volume determined by the computer. 


CASE HISTORIES 


Case 1. A 76-year-old male consulted the Otologic Medical 
Group, Inc, complaining of tinnitus and progressive, fluctuating 
hearing loss in his left ear for 16 years. In the last three years he 
had dizziness and a sensation of fullness in the left ear. Hour-long 
attacks of vertigo occurred every two months. His general health 
was good. Otologic examination revealed normal ear canals and 
normal and mobile eardrums bilaterally. Audiograms curing his 
first visit showed moderate bilateral sensorineural hearing loss 
averaging 42 dB in the right and 53 dB in the left ear with speech 
discrimination scores of 84 and 50% respectively. A complete 
neurotological evaluation showed normal polytome x-rays and a 
normal vestibular response. Clinical diagnosis of bilateral pres- 
bycusis and left Meniére’s syndrome was made. Mediral treat- 
ment was begun, and the patient did not return for six years, at 
which time audiograms showed bilateral and moderate sen- 
sorineural hearing loss averaging 65 dB in the right ear and 63 dB 
in the left ear. These measurements were slightly worse than at 
the first visit. Discrimination scores were the same Despite 
medical treatment, the patient did not notice improvement. The 
patient died at age 84 from unrelated causes. 


The left temporal bone showed atrophy in 25% of the stria 
vascularis. The population of neuron and ganglion cells was nor- 
mal. No endolymphatic hydrops was found. The right temporal 
bone showed a normal endolymphatic system and atrophy of 
50% of the stria vascularis. The organ of Corti and spiral ganglia 
appeared normal. 


Case 2. This 60-year-old female consulted the Otologic Medical 





Fig. 1. Computer-aided reconstruction of the endolym- 
phatie duct. A) Lateral view. B) Medial view. 


Group, Inc, for tinnitus, dizziness, fullness, and hearing loss in 
her rightæar. The audiogram showed a right sensorineural hear- 
ing loss of 50 dB. No discrimination scores were available in the 
chart. Petrous pyramid x-rays showed no abnormalities. Electro- 
nystagmegraphy showed a slightly reduced vestibular response on 
the right side. Meniére’s syndrome was diagnosed. Medical treat- 
ment was instituted but proved ineffective. Because the attacks of 
dizziness occurred more frequently, the patient underwent a 
transcanal labyrinthectomy eight years later. The patient died at 
78, 18 years after the surgery, still complaining of balance prob- 
lems. 

Histolegical study of the right temporal bone showed a small 
traumatie neuroma on the saccular nerve, bulging of Reissner’s 
membrane, intact crista of the posterior canal, and endglym- 
phatic hydrops. The left temporal bone showed normal contents 
of the endolymphatic system. 


Case 3. A 53-year-old male consulted the Otologic Medical 
Group, Inc, because of a discharge in his right ear. Audiograms 
showed a slight conductive hearing loss in the right ear (air con- 
duction 32 dB: bone conduction 25 dB) with normal hearing in 
the left ear (air conduction 6 dB; discrimination 100% ). The pa- 
tient died two years later. His left ear was selected for study. No 
abnormalities were found. 


RESULTS 


COMPUTER-AIDED RECONSTRUCTION 


Computer-aided reconstruction resulted in both 
lateral and medial views for each of the following 
portions of the endolymphatic duct system: 


Endelymphatic Duct (Figs. 1 and 2). The compu- 
ter-aided technique showed that the endolymphatic 
duct begins with confluence of the saccular and 
utricular ducts. Based on its direction, the endolym- 
phatic duct can be divided into two portions: 


1. The horizontal portion (Fig. 3A). From its ori- 
gin, the endolymphatic duct runs parallel to the 
saccule in a horizontal direction for approximately 
2 mm. It is a straight, elongated channel, the mid- 
way diameter of which is approximately 0.133 mm. 
The horizontal portion corresponds to the vestib- 
ular portion, or sinus, of the duct, as described by ° 
Zechner and Altmann." 


2. The vertical portion (Fig. 3B). The endolym- 
phatic duct suddenly bends almost 90° inferiorly for | 
approximately 0.2 mm. Its shape changes from 
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Fig. 2. a) Phowomontage of the computer-aided lateral 
view of the endclymphatic duct, the pars rugosa, and a 
truncated segmeat a the distal portion of the sac. B) 
Photomontage of the computer-aided medial view of the 
endolympł atic dact and the pars rugosa. 





wide to narrow to wide, with diameters of 0.26 
mm, 0.13 mm, and 0.46 mm respectively. The ver- 
tical portion merges either as a single or a divided 
channel in-o the next portion of the sac. This verti- 
cal portior corr2sponds to the isthmus of the duct, 
as described by Zechner and Altmann.® 


Rugose Portion of the Sac (Figs. 2, 4, and 5). The 
rugose por-ion of the sac is located between the ver- 
tical portion of the duct and the distal portion of the 
sac. The generel course of this portion is vertical 
with a slight lateral concavity. It is composed of 
vertical cénaliculi of various diameters running 
roughly parallel from the duct to the distal portion 
of the sac. 


None of the eanaliculi is of constant size: their 
diameters ‘ncrease and decrease continuously over 
their length. Th-ee different types of canaliculi can 
be distinguished, although precise classification can 


be difficult. 


l. Primery. Primary canaliculi are the largest 
and thickest. Their shape is irregular. They are ful- 
ly formed cr are being formed by the confluence of 
smaller, thinne- canaliculi. Primaries also give 
origin to smalle- canaliculi. Primaries may divide 
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Fig. 3. A) Photomicrograph of the horizontal portion of 
the endolymphatic duct. The utricular and saccular duct 
join together to give origin to the endolymphatic duct. 
(x10). B) Photomicrograph of the vertical portion of the 
endolymphatic duct (in lower right corner). The horizon- 
tal portion of the duct disappears as it runs posteriorly 
towards the sigmoid sinus, while the vertical portion, or 
isthmus, becomes visible (x10). 
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Fig. 4. Photomicrograph of the pars rugosa. Note that 
most of the epithelial outlines are closed circles, thus form- 
ing the walls of canaliculi in the reconstruction. (x10) 
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Fig. 5. A) Computer-aided oag of the medial side of the 
rom this side. B) Computer-aided image of the lateral side of the pars rugosa. This side, 


almest all its parallel canaliculi arise 


pars rugosa. The surface of this portion is irregular because 


with a smooth surface, shows primary canaliculi and blunt-ending canaliculi. 


into two. three, four, or sometimes five branches, 
each one ending either as a cul-de-sac or connecting 
to another canaliculus. 


2. Secondary. These are smaller and thinner than 
primaries, from which they originate. Secendaries 
are vertically parallel to primaries for various 
distances (0.25 to 0.8 mm). All secondaries end in 
other canaliculi. Secondaries may join directly with 
other canaliculi or divide into two or three branches 
that end in the primary canaliculus of origin, in 
other primaries, or in tertiary canaliculi. 


3. Tertiary. All tertiary canaliculi end without 
connecting to other canaliculi. All tertiaries are 
smaller than primaries but may be the same size as 
secondaries. Tertiaries also run vertically parallel to 
primaries for various distances (0.25 to 0.5 mm) and 
also origmate from primaries. Some tertiaries travel 
vertically downwards from their origin; others run 


vertically upwards. All end without connecting to 
others. 


Inveginations of epithelium and subepithelial 
connective tissue into the luminal space are observ- 
able in sections. These invaginations are canalicular 
in nature and secondary or tertiary in character. 
These canaliculi do not show in the reconstruction 
due to the surface rendering performed by the com- 
puter. 


Differences between the lateral and the medial 
views ef the canalicular portion are apparent. Most 
seconcary and tertiary canaliculi seem to arise from 


the medial side. 


The shape of the canalicular portion is roughly 
that ot a cylinder, the cross-section of which is 
crescent-shaped. The dimensions of this cylinder 
are represented in Table 1. 


TABLE 1. DIMENSIONS OF THE ENDOLYMPHATIC DUCT AND SAC 
a LL E o O 


Average Surface- 
Length Width Thickness Volume Surface to-Volume 
(mm) (mm) (mm) (mm) (mm)? Ratio 
E. Duct 
Horizontal 2.00 0.133 
Vertical 0.20 0.300 
(0.13-0.46) * 
E. Sac 
Canalicular 
Case | 2.47 1.9] 0.110 0.516 
+0.02 + 0.003 0.641T 42.28t 65.9T 
Case £ 2:22 1.78 0.070 0.276 ° 
+0.04 + 0.002 
Case & 2.75 2.76 0.150 1.062 
+ 0.05 + 0.004 


*Rangeof dimensions. 
| Compater-determined values. 


E. - Endolymphatic. 
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Fig. 6. Photomicrograph of the distal portion of the sac. 
In the adult, this portion is narrow and flat and sur- 
rounded by conr=ctive tissue. Note in this section that the 
distal portion an { its surrounding connective tissue are in- 
traosseous. (x10) 


As calculated by the computer, the canalicular 
portion has an epithelial surface area of 42.28 mm? 
and a volume o 0.64 mm. The surface-to-volume 
ratio is 65.9/1. The surface-to-volume ratio of a 
hypothetical cube of the same volume is 7.2/1. 
Because of its canalicular nature, the sac has 9.4 
times more surfece area than a cube. 


Distal Portion of the Sac (Figs. 2 A and 6). The 
intraosseous part of the distal portion of the en- 
dolymphatie sac is connected to the inferior end of 
the canalicular dortion and extends posteriorly to- 
wards the sigmcid sinus. The layers of the wall of 
the sac are collapsed along all but the final end. 
Therefore, the collapsed layers indicate a potential 


cavity. The dimensions of this portion are shown in 
Table 1. 


GRAPHIC RECONSTRUCTION 


Graphic recorstruction offered lateral and medi- 
al views (Figs. 7-9). Most features seen through 
computer-aided -econstruction could also be seen in 
graphic reconstr ictions. 


As in the conputer-aided reconstruction, the 
course of the canalicular portion of the sac is 
generally vertica . 


The general shape of the sacs reconstructed by 
the graphic metned is roughly that of a crescent- 
shaped cylinder. The dimensions of the sac of each 
case are represented in Table 1. The volume cal- 
culated from measurements of the sac from case 1 is 
19% different fsom the volume of the same sac as 
determined by the computer. The percent differ- 
ences between cases l and 2, 2 and 3, and 1l and 3 
are respectively 46% , 74%, and 51%. 


The lateral ard medial views show differences: 
the lateral wall bas a relatively smooth surface; the 





Fig. 7. (Case 1) Artist’s drawings from graphic recon- 
struction of the medial (A) and lateral (B) sides of the pars 
rugosa. Each horizontal line within the canaliculi 
represents the outline of one section. The external surface 
of the structure was shaded to show contours. Figure 7 A 
and B are comparable to Figure 5 A and B respectively. 


medial surface appears irregular because of secon- 
dary and tertiary canaliculi that arise from this 
side. 


Invaginations of epithelial-lined canaliculi into 
the lumen are observable in sections of the three 
cases studied and are particularly apparent in the 
sections from case 3, the normal ear (Fig. 10). These 
canaliculi are not included in the graphic recon- 
struction illustrations because the method is in- 
tended to illustrate external surface features and not 
internal structural details. 
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Fig. 8. (aae 2) Artists drawing from graphi2 recon- 
struction of the medial (A) and lateral (B) sides of the pars 
rugosa. Because some canaliculi appear disjoinzed, the 
lumen of other canaliculi can be seen in different sections. 
Primary, secondary, and tertiary canaliculi can also be 
seen, 


DISCUSSION 


General Anatomy. This study confirms the results 
of Bast and Anson‘ that the endolymphatic duct 
system is not a straight channel. It can be divided 
into three identifiable sections: the duct, tae rugose 
portion of the sac, and the distal portion cf the sac. 


The term “rugose” for this portion of the sac arose 
from histological studies and reconstructions of Bast 
and Anson.® They used the Born reconstruction 
method which did not reveal the intricate canalicu- 
lar system of this portion. Computer-aided and 
graphic reconstructions have revealed tha- this por- 
tion is not rugose, made by folds; instead, & is truly 
canalicular. Accordingly, the authors tentatively 
propose to rename this portion of the endclymphat- 
ic sac the “pars canalicularis.” 


The diversity of sizes and configuraticns of the 
canaliculi, the extensive invaginations, and the var- 
iation of these conditions among the three cases 
studied suggest that the pars canalicularis is not a 
static structure. Rather, it may be a dynamic struc- 
ture. This concept warrants further investigation. 
Application of computer-aided reconstruction tech- 





Fig. 9. Sony 3) Artist’s drawing from graphic recon- 
struetion of the medial (A) and lateral (B) sides of the pars 
rugosa. Primary, secondary, and tertiary canaliculi can be 
seen irregularly distributed. 


niques in conjunction with morphometric analysis 
at the ultrastructural level as well as the histological 
level an many samples may yield information on the 
dynamic nature of the epithelium of the pars canal- 
icularis. 


Case Correlations. The canalicular nature of the 
sac was a common feature of the three cases 
studied. Primary, secondary, and tertiary canaliculi’? 
could be seen in all three cases. They seemed to 
originate from the medial side. 


Qualitatively, no clear anatomical differences | 
were seen in the three cases. However, the volumes 
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Fig. 10. (Case 3) paar roep of the pars rugosa. 
The invaginations of epithelial-lined canaliculi are par- 
ticularly evident im this section. (x10) 


calculated by this technique appeared to be sig- 
nificantly different from each other. The computer 
measurement and manual measurement of the vol- 
ume of the canalicular portion of case 1 differed by 
19%. Case 3, without evidence of disease, had the 
largest calculated volume. Case 2, with Meniére’s 
disease, had the smallest calculated volume. The 
results may hav2 been influenced by two condi- 
tions: 1) This patient underwent a surgical pro- 
cedure (transcanal labyrinthectomy) that may have 
affected the canzlicular portion of the sac. 2) This 
case had a well-~meumatized mastoid with the duct 
and the sac running posteriorly between air cells. 
These factors may have increased the possibility of 
section cut defects and, therefore, the possibility of 
technical artifacts. These possibilities, in turn, may 
account for the apparently small volume. 


Other investige tors have also reported differences 
in the pars rugosa of Meniére’s disease patients and 
patients with no 2vidence of disease. Arenberg and 
Andersen*® reported that the more advanced the 
disease, the greace> the changes. Yuen and Schu- 
knecht” repcrted statistically significant differences 
between the diameter of the endolymphatic duct in 
normal patients and that in Meniére’s disease cases. 
Clemis and Valvessori** described radiological (and 
thus macroscopical') differences in the vestibular 
aqueduct of Meniéze’s disease patients and that of 
normal patients. Egami and Sando,” in a quan- 
titative study of _1 temporal bones of ten patients 
with histological 2ndolymphatic hydrops, found no 
statistically significant differences in widths of the 
vestibular aqueduct between ears with and those 
without hydrops. However, they did find statis- 
tically significant differences (P< 0.05 by t-test) in 
widths of the enco_ymphatic sac in ears with and 
those without hycrops (ES = 0.14+0.03 mm in ears 
with hydrops and 0.29+0.11 mm in cases without 
hydrops). 


Based on clinical history, case 1 was correctly di- 


agnosed as Meniére’s disease. However, the histo- 
logical study showed no endolymphatic hydrops. 
According to the definition of Meniére’s disease by 
the Committee on Hearing and Equilibrium as 


a disease of the membranous inner ear characterized 

by deafness, vertigo, and usually tinnitus, and has as its 

pathologic correlate hydropic distention of the endo- 

lymphatic system,*° 
this case was not Meniére’s disease despite the 
clinical impression. Should it be considered idio- 
pathic sensorineural hearing loss? Because this case 
had no hydrops, is the anatomy to be considered 
normal, that is, as far as “normal” can be deter- 
mined? 


Similarly, future studies that use computer-aided 
analysis and reconstruction will confront questions 
such as: Which endolymphatic sacs are to be con- 
sidered Meniére’s disease samples? Can fresh tissue 
obtained from surgical biopsy be considered a Men- 
ière’s disease sample if the presence of hydrops in 
the patient is unknown? Are there really histologi- 
cal, ultrastructural, or even macroscopical dif- 
ferences in the endolymphatic duct system of 
Meniere’s disease patients and that of normal cases? 
If so, do those changes occur only at an advanced 
stage of the disease? Are changes the cause or the 
consequence of the endolymphatic hydrops? 


The application of computer-aided reconstruc- 
tion from serial sections of temporal bones in con- 
junction with quantitative morphological analysis 
of many samples of both normal and Menieére’s dis- 
ease cases are required before meaningful conclu- 
sions can be drawn. The influence of other factors 
such as age, duration and severity of disease, and 
range of normal variations should be included in 
the analysis. The authors are continuing these 
studies. 


Computer-Aided and Graphic Techniques. This 
study demonstrates that the computer has potential 
as a valuable tool for increasing knowledge of 
anatomy and in providing clinically useful quan- 
titative morphological data. These uses can be ap- 
plied to otology and other fields. 


At this time, the computer-aided reconstruction 
technique has limitations. One is the time required 
to enter the data. Another is the large amount of 
computer time required to generate each shaded 
picture. For each limitation, the more complicated 
the structure, the more time required. In this study, 
data entry took approximately eight hours and the 
computer took approximately two hours to produce 
each view. 


The graphic method is a relatively simple proce- 
dure that requires no special equipment or special 
knowledge of computers. It can be readily used to 
compare the general shape of structures from any 
angle. In conjunction with morphometric tech- 
niques (which are anticipated in future studies), 
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values as reliable as those obtained from the com- 
puter can probably be obtained (but not as quickly) 
for the volume, surface area, and surface-to-volume 
ratio, 


SUMMARY AND CONCLUSIONS 


The computer-aided and graphic reconstruction 
techniques applied in this study have revealed a 
new anatomical feature, canaliculi, in the inter- 
mediate portion, or pars rugosa, of the endolym- 
phatic duct system in the three studied cases. This 
would not have been detected without these recon- 
struction methods. They can be a useful research 
tool by providing a broader and more accurate un- 
derstanding of anatomy and pathology. 


Lateral and medial views of the pars rugosa of 
the sac show that this portion is composed of many 
vertical canaliculi arising predominantly from the 
medial side. According to their size, point of origin, 
and manner of ending, the canaliculi are classified 
as primary, secondary, and tertiary. The authors, 
pending further investigation, tentatively propose 
to rename the pars rugosa the “pars canalicularis” 
to reflect this multichannel system. 


4 
The computer has also been used to nfake volume 
and sarface area determinations of the pars 
canalicularis from one endolymphatic sac. Rough 
estimates of volume of the pars canalicularis by 
direct measurement manually from the sections 
were determined. 


Considering the anatomy, topography, and sur- 
face-to-volume ratio of this portion, the authors 
agree with other investigators that this portion is 
probakly involved in the resorption of endolymph. 
Qualitatively, the anatomical differences of the 
canalicular portion are not immediately apparent 
in the three cases studied. However, the volume 
determinations indicate that the pars canalicularis 
may ke significantly smaller and less active in 
Meniére’s disease patients than in normal persons. 


The authors speculate that the endolymphatic 
hydrops of Meniére’s disease patients may at least in 
part be either the cause or the effect of the loss of 
epithelial surface area of the canalicular portion of 
the sac. Further investigations applying the tech- 
niques employed in this study may help to confirm 
this hypothesis. 
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PREFACE 


The well-established vestibulotoxicity of streptomycin following systemic administration has been ex- 
ploited towerd vestibular ablation in patients with intractable bilateral recurrent vertigo. A more direct ap- 
proach towerd vestibular ablation is needed for the patient with unilateral disease. This four-part study ex- 
amines the methedology for transtympanic drug injection; establishes an anatomical criterion and a quan- 
titative analytica. technique for measuring drug effects; documents the comparative ototoxicities of strep- 
tomycin, dikydrcstreptomycin and neomycin; and finally, explores the effect of vestibular stimulation on 
selective otocoxic#y. The results are compared to those reported following systemic administration and the 
implieations of the results are discussed in regard to hypotheses of the mechanism of selective ototoxicity. 
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Recurrent vertigo is one of the more incapaci- 
tating symptoms resulting from inner ear disease for 
which effective therapy is not available. Elimin- 
ating vestibular function either bilaterally or uni- 
laterally can very effectively control the symptoms 
of vertigo. Bilateral vestibular ablation can be ac- 
complished by systemic streptomycin administra- 
tion, although not without some risk to hearing. 
Unilateral vestibular ablation is more difficult to 
obtaia when preservation of residual hearing is 
desired. Those procedures which are designed to 
preserve hearing are not uniformly successful and a 
more reliable approach to selective ablation of 
vestibular function is needed. It is this need which 
prompted the present study. 


Streptomycin is more selectively toxic to the ves- 
tibular system, while dihydrostreptomycin is more 
toxic to the cochlea when administered system- 
ically. It was hoped that a way could be found to 
exploit this difference in specificity, the ultimate 
goal being to find or develop a drug which would 
have absolute selectivity for the vestibular appar- 
atus, 


Aminoglycoside ototoxicity has been studied for 
over 30 years. The usual approach has been that of 
systemic injections followed by a morphological 
qualitative analysis of the effects on the sensory cells 
of the inner ear. The majority of such studies was 
limited to observations of the sensory cells of the 
organ of Corti, eg, those of Kohonen and Tarkkan- 
en' and Kacker.’ Other studies considered only the 
vestibular system, eg, those of Wersall and Hawk- 
ins.’ Spoendlin,* and Watanuki and Meyer zum 
Gottesberge.* while relatively few studies con- 
sidered both compartments of the inner ear.®'° 
However, none of these studies can be eonsidered 
both: quantitative and comparative. Nonetheless, it 
is apparent that each member of the aminoglyco- 
side family of drugs exerts a different effect on inner 





ear sensory structures — different in terms of degree 
and different in terms of topographical distri- 
bution. Although not without equivocal or contra- 
dictery results, the weight of these reports indicates 
that following systemic administration, dihydro- 
streptomycin, kanamycin, and neomycin are pri- 
marily cochleotoxic; streptomycin, vestibulotoxic: 
and gentamicin, toxic in both compartments.*:'7'8 


There are no comparative data available to docu- 
ment the specific ototoxicities of aminoglycoside an- 
tibietics on sensory structures in the inner ear when 
administered transtympanically, that is, when ap- 
plied directly into the middle ear space. However, 
several animal studies’? and clinical trials®’ em- 
ploved streptomycin via this approach to achieve 
unilateral vestibular ablation. The several reports 
in which other aminoglycoside antibiotics were lo- 
cally administered either clinically"? or experimen- 
tally’? have produced few insights into the com- 
parative effects of locally applied drugs. At best, 
these studies indicate that the effects of drugs may 
differ when applied locally versus systemically, 572 
It is an important goal of this study to document the 
effects of transtympanically applied aminoglycoside 
antibiotics and to compare them with those re- 
ported for the systemic application. 


The results of this investigation are reported in 
four parts. In part I, the standard procedure for 
transtympanic drug administration is presented and 
some of the histological findings discussed. The ef- 
fects of streptomycin, dihydrostreptomycin and 
neomycin are evaluated toward the selection of an 
anatomical criterion with which ototoxicity can be 
measured. In part II, the method of data collection 
anc the quantitative analytical procedure is estab- 
lished. In addition, factors contributing to skewed 
results are identified statistically and experimental 
animals are eliminated on a rational basis. The tools 
derived in parts I and H are applied,in part III toa 
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Fig. 1. a) Nuclei of normal macula sacculi sensory cells (arrowheads). b) Pyknotic nucleus (arrow) in a shrunken cell. 
Note the translucent cytoplasm under the arrow. The arrowhead identifies a normal sensory cell and nucleus. Lateral crista 
ampulfaris, 10 mg dihydrostreptomycin. c) Cell at arrowhead is swollen and translucent. No nucleus can be distinguished in 
this cell. Macula sacculi, 50 mg streptomycin. 


comparative quantitative analysis of the ototoxic- 
ities of streptomycin, dihydrostreptomycin and neo- 
mycin relative to each other and to the various re- 
gions within the inner ear. It has been reported that 
cochear stimulation enhances membrane permea- 
bility in that compartment.’* We hypothesize that 
for this reason appropriate stimulation would 
potentiate the effects of aminoglycosides on sensory 
cells in the vestibular system. This hypothesis is 
tested in part IV. The experimental animals used in 
part I are included in part II. Those animals which 
survived the eliminations reported in part II appear 
for analysis im part III. Part IV reports on a sub- 
group of the neomycin-treated guinea pigs which 
are analyzed as one group in part III. 


METHODS 


Animals, Thirty-three pigmented guinea pigs of both sexes 
weighing between 300 and 500 gm were used in this study. Prior 
to treatment experimental animals were selected on the basis of a 
steady weight gain, otoscopic examination, Preyer’s reflex and 
gait. Animals noted to have evidence of infection (pus, or squa- 
mous or fibrous metaplasia) in the middle or inner ear at the time 
of sacrifice were eliminated from the study. Animals were anes- 
thetized by intraperitoneal injection of sodium pentobarbital ,* 30 
mg/kg diluted to 30% wita Hanks’ balanced salt solution. 


Middle Ear Injection. The tympanic membrane was visualized 
by aligning the visual path of a Zeiss operating microscope with a 
speculum clamped into a Shea speculum holdert which also 
served to restrain the animals. A tuberculin syringe with a 30 
gauge, 12 cm needle was attached to a micromanipulator. The 
needle was bent to a 45° angle near its base in order to displace 


e° Diabutal®, Diamond Labcratories, Des Moines. Iowa. 
tV. Mueller, Chieago, Ill. 


the syringe and micromanipulator from the optical path. The syr- 
inge, needle and saline were sterilized before use. 


The needle was adjusted for penetration of the posteroinferior 
quadrant of the tympanic membrane. The needle was then ad- 
vanced to the medial wall of the middle ear. Over a period of 7-12 
seconds, 0.1 cc of antibiotic in saline was injected. A successful in- 
jection was evidenced by the visualization of fluid approaching, 
but not reaching, the puncture in the tympanic membrane. In 
each case the right ear was approached first. Occasionally, the 
full 0.1 cc could not be injected into the middle ear. In these cases 
the injectant was removed and the left ear attempted. If the left 
ear injection was unsuccessful, that animal was deleted from the 
study. The animal was next supported, injected side up, for three 
hours in a cradle designed to elevate the snout 45° in order to min- 
imize the escape of fluid through the auditory tube?’ and to insure 
that the injectant pooled over both the round and oval windows. 


Tissue Preparation. One week after injection (with the excep- 
tion of three animals which were allowed four weeks for recov- 
ery) the guinea pigs were sacrificed by decapitation and their 
temporal bones processed by the “surface specimen” technique?‘ 
with the following modifications: prior to fixation the temporal 
bones were incubated for 20 minutes at 37 C in a buffer solution 
originally intended for succinic dehydrogenase histochemistry.° It 
consisted of 0.06M sodium succinate, 0.2M phosphate buffer (pH 
7.4) and Ringer’s solution in a 2:2:1 ratio. In preparation for this 
incubation the osseous labyrinth was opened widely, particularly 
over the ampullae. We discovered that this incubation facilitated 


TABLE 1. INJECTION SCHEDULE 


Number of Guinea Pigs Receiving Each Dosage 
Drug and Dosage in Mg 


Recovery Period 0 10 25 50 100 Subtotal 





Streptomycin l wk — 0 3 3 3 9 
Streptomycin 4wk — 0 0 3 0) 3 
Dihydrostrep- 

tomycin lwk = 0 3 3 3 9 
Neomyecin Iwk — 3 3 3 0 9 
Saline lwk 3 — — — — 3 


Total animals in study 33 


oy 
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Fig. 2. a) Three normal first row outer hair cell nuclei are indicated (arrowheads). Compare the width of these cells to 
those in b AEC WGA: P - Bodies of outer pillar cells. b) Arrowheads identify swollen third row outer hair cells. A pyknotic 


nucleus is also include 


(arrow). Notice that the cytoplasm o 


f the swollen and pyknotic cells contain areas deficient in inter- 


nal structure. These cells are considered translucent unlike the normal cell bodies of first row outer hair cells (O,). P, - Head 
of outer pillar cell; P, — Head of inner pillar cell. Organ of Corti, 3.5 turn, 25 mg dihydrostreptomycin. 


the subsequent microdissection of vestibular structures by allow- 
ing the easier separation of sensory epithelia from the underlying 
connective tissue and nerve fibers. 


Following incubation the temporal bones were immersed in 
10% neutralized, buffered formalin and refrigerated for at least 
two days. Subsequent preparation proceeded as described by 
Hawkins and Johnsson.”° All sensory structures of the 56 temporal 
bones were analyzed under dark phase contrast microscopy. Prep- 
arations were also studied and photographed with Nomarski dif- 
ferential interference contrast optics.*”:** 


Injection Schedule. The animals were divided into five ex- 
perimental groups. One of the drugs (streptomycin,* dihydro- 
streptomycin* or neomycinf) or saline was administered once to 
each animal according to the schedule in Table 1. The opposite 
ears of the animals were not injected and, therefore. served as in- 
ternal controls. 


RESULTS 


During microdissection certain sensory structures 


*Sigma Chemical Corp, St. Louis, Mo. 
tSchwarz/Mann, Orangeberg, NY. 


fragmented as if brittle, making it very difficult to 
obtain good preparations. The degree of fragility 
was evaluated subjectively and recorded for possi- 
ble correlation with other morphological changes at 
the cellular level. It was found that fragmentation 
often occurred in areas of high cellular damage. 
This was easily demonstrated in the organ of Corti. 
The vestibular structures, being less regularly organ- 
ized, fragmented along less well-defined lines. 


All sensory cells considered abnormal had dam- 
aged nuclei. Pyknosis was usually encountered in 
these cells (compare Fig. la to 1b; 2a to 2b). Often, 
especially at low drug concentrations, this was the 
only apparent abnormality. In cells where other 
changes were noted the nuclear aberrations were 
more pronounced and included clumping of chrom- 
atin, deep invaginations of the nuclear membrane, 
fragmentation, or total loss of nuclear remnants 
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Fig. 3. Fused s-ereocilia of a hair cell with a swelling or bleb at the distal end. Macula utriculi, 50 mg streptomycin. 


ie 4 and 5. Large blebs projecting into the endolymphatic space from the luminal surface of hair cells. Note the fused 
stereocilia projecting from the blebs. Optical sectioning confirms the continuity of stereocilia, blebs and sensory cells. 


Posterior crista ampullaris, 50 mg streptomycin. 


(Fig. lc). Jn chis study the nucleus appeared to be 
the first organelle to show signs of ototoxic damage 
at the light microscopic level. 


In drug-treated animals the stereocilia presented 
a variety of morphologies ranging from completely 
normal to total absence (Figs. 3-5). However, such 
changes could be related neither to the drug em- 


ployed nor to its dosage. Even the presence or ab- 
sence of stereocilia was an inconsistent finding in 
this investigation. It was found that cells in control 
specimens, anatomically sound in other respects, 
were sometimes devoid of stereocilia. 


Concomitant with the profound nuclear changes 
were three phenomena which suggested a sequence 





Fig. 6. a) Apical surface of the macula shows several translucent cells (arrowheads). b) At the level of sensory cell nuclei 
. translucency, is more apparent and the cells seem slightly swollen (arrows) compared to the adjacent normal cells (ar- 
rowheads). Macula utriculi, 50 mg streptomycin. 


EXPERIMENTAL APPROACH AND HISTOLOGICAL CRITERIA 9 





Fig. 7. a, b) Two focal levels of a macula treated with dihydrostreptomycin (50 mg) to illustrate blebs protruding into 


the endolymphatic space from the apical surfaces of sensory cells. Numbered arrows p i corresponding locations in a and 


b. Notice that the stereocilia of cells 1 and 2 are-oriented at approximately 11 o'clock to the 


lebs. This orientation reflects the 


polarization of the free surface (see text). Cell 3 is translucent, which is a common association with blebs. 


leading to cell death: a) cellular translueency, b) 
cellular swelling or “bleb” formation, and c) cellu- 
lar lysis. In the cochlea, translucent cells were fre- 
quently swollen (Fig. 2b). However, in the vestib- 
ular system translucent cells did not appear to swell 
as greatly (Fig. 6) but, instead, gave rise to “blebs” 
or pouches of cell membrane which extended from 
the apical surface of sensory cells into the endolym- 
phatic space (Fig. 7).°*:'?°° These may appear as 
a small bubble at the cell surface, a single drop- 
shaped evagination reaching several micrometers 
into the endolymphatic space (Fig. 7) or rarely, asa 
bag nearly equal in size to the cell from which its 
arises. It is interesting to note that these blebs al- 
most always emerged from the noncuticular or kin- 
ociliary pole of the sensory cell surface. 


The “stellate,” “spider,” “scar,” or “collapse” cell 
was considered to be the final stage of degeneration 
wherein a cell could still be recognized as having 
been a sensory cell.” Viewed at the level of the 
apical membrane of the cell, its appearance re- 
sembled that of an unevenly tightened drumhead 
and might represent the collapsed surface of a rup- 
tured sensory cell (Figs. 8-10).?:?°*! The cell bodies 
of many of these cells had irregular outlines and ap- 
peared somewhat shrunken (Figs. 1b and 6b). The 
collapse cell stage is apparently the most persistent 
morphological stage that a damaged sensory cell 
dwells in before complete removal and replacement 
by expansion of the contiguous supporting cells 


(Figs. 8b and 10). By four weeks postinjection, the 
tissues have apparently stabilized. The remaining 
sensory cells appeared healthy as did the supporting 
cells, many of which were hypertrophied to fill in 
the spaces vacated by degenerated sensory cells 


(Fig. 11). 


Generally, the severity of cell changes and the 
propertion of cells showing these changes increased 
with ‘he increase in dosage of each drug. It is also to 
be nated that regardless of which drug was adminis- 
tered. the morphological alterations always ap- 
peared the same. In fact, the only way to distin- 
guish the antibiotics on the basis of their morpho- 
logical effects was by the specific topographical dis- 
tribution of damaged cells. This finding is thor- 
oughly investigated in part III of this study.” 


All 36 control ears were within normal limits 
morphologically. That is, no more than 3% of the 
sensory cells in any region of the inner ear showed 
the structural aberrations just described. Previous 
expenience with young guinea pigs has disclosed 
that ‘his is the normal background level of “spon- 
taneous” degeneration. The most basal segment cf 
the organ of Corti, or “hook” region, showed rather 
high. though variable, damage which failed to cor- 
relate with drug dosage. In fact, control ears often 
showed pathology well in excess of 3% within this 
region. 
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Fig. 8. a) Apical surface of normal macula sacculi sensory cells (arrowheads). b) Dihydrostreptomycin (100 mg)-treated 
lateral erista ampullaris, crest oe gee Arrows indicate ieee a cells. Arrowheads denote areas where uppomug cells have 
replaced degenerated sensory cells. c) Collapse cells (arrowheads) of dihydrostreptomycin (50 mg)-treated macula sacculi. 





Fig. J. Organ of Corti (3.5 turn) of a streptomycin i mg)-treated guinea pis. Arrowhead indicates a collapse cell. i - 


Inner hai? cell row; O,, O}, O; - Rows of outer hair cells: P, and P, - Heads of inner and outer pillar cells. 
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Fig: 10. Cochleogram and micrograph ot the organ of Corti (2.5 turn) from a neomycin (10 mg)-treated guinea pig 
illustrates the use of collapse cells opa white arrows) and phalaageal scars (solid black arrows) in map ing cellular 


damage. Observe the head of an outer k lar cell forming a scar at the site of a degenerating second row outer hair cell (ar- 
O, 


rowhead). All first row outer hair cells 


degenerated pillar cells. i - Inner hair cell row; 'O,, O2, and O; 


Microtubules and microfilaments. 


DISCUSSION 


The systemic administration of aminoglycoside 
antibiotics for the ablation of vestibular sensory 
cells has been suggested for the treatment of recur- 
rent bilateral vertigo. However, vertigo usually pre- 
sents unilaterally. In the case of streptomycin, only 
a slight proclivity for the afflicted side has been 
reported following systemic injections” and, there- 
fore, systemic injections may compromise the nor- 
mal ear. In addition, the possibility exists hat other 
systems may be disturbed as, for example, the kid- 


) have been replaced by phalangeal scars. Solid white arrows mark the positions of 
- Rows ofouter hair cells; P - Heads of pillar cells; mt & mf - 


neys. An alternative approach is the application of 
these drugs directly into the labyrinth. However, 
this too is unacceptable since it carries with it 
significant surgical risk and expense.” 


Transtympanic administration is a simple, low 
risk technique which restricts treatment to the dis- 
eased ear of patients with unilateral involvement. 
From the experimental point of view, the unin- 
jected ear serves as an excellent internal control for 
determining whether pathology existed prior to 
treatment and for insuring that treatment is indeed 
restricted to the injected side. ` 
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collapse cells are observed, the density of hair cells (arrows) 
cells whose positions may be assumed (arrowheads) from exp 


porting cells. 


If ototoxicity is measured by counting degener- 
ated sensory cells, the vestibular sensory structures 
would be recorded as normal four weeks after treat- 
ment since all of the damaged cells had either recov- 
ered or been replaced by hypertrophied supporting 
cells.'?°° With the exception of a lower sensory cell 
density (compare Fig. 8a to Fig. 11), the apparently 
normal appearance of the tissue at four weeks could 
give the false impression of low sensitivity to the 
drug. Although a regular pattern of sensory cells 
does not exist in the vestibular system, generally 
each sensory cell is surrounded by about four to six 
supporting cells and each supporting cell usually 
contacts at least one sensory cell. Observation of 
this “pattern” only suggests the position previously 
occupied by a sensory cell. At a one-week postinjec- 
tion recovery time, supporting cell hypertrophy is 
minimized and the maximum number of damaged 
cells can be observed in the terminal stages of 
degeneration. For this reason, a one-week recovery 
period appears to be an optimum period for this 
type of study.° The organ of Corti presents no prob- 
lem in this regard because the position of each sen- 
sory cell is preserved in its row following cell death 
and replacement by a “phalangeal scar.”?5 


e The incubation of temporal bone specimens fol- 
lowing decapitation instead of their rapid fixation 
has undoubtedly led to qualitative effects on the 
tissues. The most positive of these is the facilitation 
of vestibular microdissection, so essential to this and 
future studies of this neuroepithelium. Differences 
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F ig. 11. Apical surface of a streptomycin (50 mg)-treated macula sacculi obtained four weeks postinjection. Although no 
is diminished. Supporting cells have replaced degenerated hair 
erience with the normal “pattern” of vestibular sensory and sup- 


in our observations of these sensory structures from 
those of earlier investigators were likely a result of 
this incubation. However, since our goal was to se- 
lect a reliable morphological criterion for the mea- 
surement of ototoxicity, and not to document the ef- 
fects of aminoglycoside antibiotics on hair cells per 
se, these differences were not of great importance to 
the present investigation. 


The various morphologies of the stereo- 
cilia??? and the fragility of tissue?” were incon- 
sistent from trial to trial, correlated poorly, if at all, 
with drug dosage, and were sometimes observed in 
control tissues. These observations may have re- 
sulted from mechanical trauma during tissue prep- 
aration and/or from an increased lability of these 
structures acquired during incubation. Whatever 
the cause, both the fragility of the tissues and the 
appearance of the stereocilia were considered unre- 
liable measures of ototoxicity. The nucleus also pre- 
sented an array of changes which, when arranged 
in a logical sequence, suggested a progression lead- 
ing to cell death. However, when compared to con- 
comitant alterations at the cell surface, it became 
uncertain as to what constituted a terminal nucleus. 
Collapse cells, which we judge to represent the end- 
stage of degeneration, were accompanied by nuclei 
representing the range of morphologies. Because of 
this uncertainty, the nucleus is also considered an 
unreliable structure for the evaluation of ototox- 
icity. The nuclear changes, cellular translucency, 
cellular swelling, bleb formation and the collapsed 
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appearance of the apical surface of hair cells were 
all findings limited almost exclusively to the sensory 
cells of experimental ears. Since both experimental 
and control tissues underwent the same incubation, 
we feel confident that these observations were attri- 
butable to the drugs tested in this study. 


The intact supporting elements constitute a stable 
matrix for the sensory cells.? Presumably, the hair 


cells undergo lysis and their rupturéd corpses are 
witnessed as collapse cells. It is difficult to imagine 
such a cell regaining its vitality, and so, due to its 
relatively long persistence and easy identification, 
the collapse cell is adopted as the cell form best 
suited for the measurement of ototoxicity. In the 
following papers all observations of ototoxicity are 
basec upon numerical comparisons of normal hair 
cells to collapse cells. 
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A statistical methodology has been established to describe and compare, quantitatively, the ototoxic effects of aminoglycoside an- 
tibiotics. Sampling techniques for obtaining reliable estimates of cell damage in the organ of Corti and the vestibular system are described 
in this paper. The relationship of drug dosage to the percentage of hair cell damage in each inner ear sensory region was expressed as the 
slope of the least-squares linear regression line and was tested to reject the null hypothesis (slope, = 0) at the 0.05 level of significance. It was 
determined that, in each of the cases discussed, dosage and damage correlated positively and that by repeated computations, each time 
controlling for one observed or measured variable, guinea pigs contributing skewed results could be eliminated on a rational basis. By this 
method of careful selection, statistically significant relationships have been established from the data. 


In the preceding Japer a methodology for trans- was prepared from each experimental cochlea, provided the non- 
tympanic drug administration was described and injected side was found to be within normal limits. Two guinea 
i nT os , i, , pigs were selected at random for complete cell counts in order to 
the collapse cell was selected as the histological cri- evaluate the sampling terhritiue: 
terion for the measurement of ototoxicity.' In the l 
following papers the specific toxic effects of three Vestibulograms were obtained according to the following pro- 
aminoglycoside antibiotics are analvzed and ints cedure: Using a net reticle to facilitate counting, three grid areas* 


were analyzed from each of the five vestibular sensory structures. 


toxicities compared. To accomplish this goal quan- Two peripheral areas and one central areat from each structure 


titatively required not only the careful selection of were selected for counting. Figure 2 is a typical example of a ves- 
subjects but also reliable methods of data collection tibulogram. The approximate location of each area counted is in- 
and statistical analysis. This paper addresses these dicated for each structure. These locations were subjectively as- 
problems ; signed either a peripheral or central status for the computer anal- 


ysis. Thus, 15 grid areas were counted and were considered repre- 

sentative of the entire vestibular system in each animal. Complete 
METHODS cell counts were taken from two randomly selected guinea pigs in 
, order to evaluate the efficiency of the sampling method. 
Experimental Controls. One hundred two pigmented guinea 


pigs (53% male, 47% female) were selected, injected and eval- In addition a recording physical data, subjective observations 
uated as described in part I of this study.' At the time of sacrifice were included in a daily log. This information, along with the cell 
and during microdissection, the middle and inner ears were ex- counts, was encoded on a data form (Fig. 3) from which iii doa 
amined for evidence of :nfection. Animals showing bloody ex- ter cards were punched and analyzed. { 

udate, pus, or squamous or fibrous metaplasia were discarded. If, l l 
during histological analysis, significant damage was noted on the Experimental Protocol. One middle Sar from each Euhea pig 
noninjected side (>3% collapse cells), the same damage was was injected with a specific dosage of either streptomycin, dihy- 
assumed to have preexisted on the injected side, and the animal drostreptomy ay OF BORE: One hundred two successful oa 
ae clitninated Rem thesaidy: jections were performed with the subsequent exclusion of eight 


animals due to evidence of infection in the middle or inner ears, 


Data Collection. The material to be analyzed consisted of flat detected at sacrifice or during microdissection. Table 1 presents 


mounts of each of the five vestibular sensory structures and the the schedule for injection of the 94 remaining animals. 
organ of Corti from both he left and right temporal bones. Under 
dark phase contrast miercscopy, normal sensory cells and collapse RESULTS 
cells in selected areas of each sensory structure were counted, 

The organ of Corti was dissected into eight segments. Starting The 94 control (noninjected) ears showed neither 
from the region of the promontory, the first one half to three a collapse cell count greater than 3% nor the mor- 
fourths of the first turn was designated “0.5 turn.” Alternating phological changes described in part I' of this study. 


segments ending at the apex, called “3.5 turn,” were selected to 
represent the entire organ of Corti.? The most basal segment, 
termed the “hook” regioa, was not counted owing to its high, 


The nine sham-injected control ears were likewise 
free of pathology and were anatomically indistin- 


though variable, damage in both experimental and control ears. guishable from their opposite ears. 

In order to avoid unequal weighting of cell counts due to unequal Sa, 

segment lengths, 80 hair cells from the inner hair cell row and 100 *Each grid area equals 0.01 mm’. 

hair cells from each of the three outer hair cell rows were counted tA central area is defined as one which includes the regions termed 
in each of the four representative segments. Figure | is a repro- “striola” of the macula or “crest” of the crista ampullaris. 

duction of a typical cochleogram which shows the position of each {Control Data Corporation Cyber 173 computer programmed with The 
collapse cell or phalangea. scar as a black circle. One cochleogram Statistical Package for the Social Sciences (SPSS-6000 version 7.0) .°4 
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QUANTITATIVE ANALYTICAL ®ROCEDURE 
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Fig. 1. Cochleogram. Shaded area corresponds to Fig. 10 of part I of this study. i - Inner hair cell row; 1, 2. and 3 - First, second and third rows of outer hair cells. 
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VESTIBULOGRAM 
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Fig. 2. Vestibulogram. 
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QUANTITATIVE ANALYTI CAL FROCEDURE 


* 























. ) i wae 
} 
+ | 
AMINOGLYCOSIDE ANTIBIOTIC OTOTOXICITY | AMINOGLYCOSIDE ANTIBIOTIC OTOTOXICITY (CONT'D.} GP NO.: 
e| 1. Dataset identification HIF B| oros | | 16. Comments present in record book 5 a orb ] 28 
Hearing Foundation of Buffalo ! 1 yes 
| 2. Guinea pig number Ci 04-06 | 2 no l l 
| 3. + Card number 7 af | 17. Damage to vestibular system in numbers of cells 
| 998 not counted 
| 4 Sex [] os collapse | 
i Taal | normal cells cells 
2 female | a. crista — superior — central area 29-34 
not ascertained SERE b, crista — superior — peripheral area 35-40 
5. Weight prior to treatment (grams) oe | c. crista — lateral — central area 4-46 
9998 not ascertained | d. crista — lateral — peripheral area 
$ . as i E y 47.52 
; 6. Weight at sacrifice (grams) Sage rate e. crista — posterior — central area 
9998 not ascertained j 53-58 
7. Ear injected G S . crista — posterior — peripheral area beers 
1 right 
2 left 01-07 
8. Preyer reflex Q 1s g, macula — utricle — central area gaii 
| positive reflen (+) H. faula — umita — peripheral at 
weak reflex _ fiau — World — peripheral area TEE 
3 no reflex (-) i. macula — saccule — central area 20-25 
8 not ascertained o j. macula — saccule — peripheral area 26-31 
9. Gait 19 D 
1 norma! (N) 18. Damage to Organ of Corti in numbers of cells 
2 abnormal inner hair celis Outer hair cells 
8 not ascertained E 98 not counted 998 not counted 
ini 2 
10. Drug injected o row 1 raw? cowed 


1 neomycin (Neo.) 

2 dihydrostreptomycin (DHS.) 
3 streptomycin (Strep.) 

4 kanamycin (Kan.) 

5 gentamicin (Gen.) 

6 saline 


11. Dosage (miligrams) 


CTT) 
12. Otostimulation Cj 24 
q 
Q 
(J 


a. turn 3.5 ae C Ga CET] s% 
b. turn 2.5 ER 


c. turn 4.5 si 


d. turn 0.5 CT an CEE) CLO) ss 


43-53 





21-23 


1 rocked {R} 
2 immobilized (1) 


13. Sound deadened environment 
1 yes {(S.D.) 
2 no 


14. Infected or bloody — injected side 
1 infected (1) 
2 not infected, but bloody 
3 clear (C) 


15. Infected or bloody — non-injected side 
1 infected (I) | 
2 not infected, but bloody 

3 clear (C) 


25 


26 


onata aam ‘anti e aa st matt HA Nr 


27 


m tertia mmm are 2 


Fig. 3. Data form. 
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Tramen aarin irrar ee naaraan aaa aaa inlaanar a i  nay e HALATE Virita eeen a i na a e rere 
am eee a a A aaae a Sere ese ran ain err AAA E E ne IT 


Number of Guinea Pigs Receiving Each Dosage 
Dosage in Mg 


Drug 0 '5 l0 25 50 100 Subtotal 
Streptomycin  — 0) 8 9 16 4 37 
Dihydrostrep- 
tomycin ==- 0 4 6 10 5 25 
Neomycin — 4 9 7 3 0) 23 
* Saline 9 -= =- -= — == g 
Total animals in study 94 


Items 17 and 18 of the data form (Fig. 3) contain 
all of the cell counts collected from each experimen- 
tal ear. The counts in each region were analyzed 
separately or combined logically with other regions 
to allow for the analysis of each region, combina- 
tion of regions, or the entire compartment. In this 
study 54 regions and their combinations were ana- 
lyzed. These are listed in Table 2 of part IIT under 
“Region.” The analysis of each region was based 
upon all of the sampled cells in that region. For ex- 
ample, “Outer Hair Cells” refers to all three rows of 
outer hair cells in all four of the segments counted 
and implies that the values to the right describe the 
dosage-damage relationships of all outer hair cells 
in the organ of Corti. 


The reliability of the sampling method was tested 
by performing complete cell counts of the organs of 
Corti and the vestibular sensory structures from the 
two randomiy selected guinea pigs. For the organ of 
Corti it was found that the sampling method sur- 
veyed approximately 37% of the available sensory 
cells and that the estimates of cell damage were reli- 
able within a 3% margin. It has also been deter- 
mined that estimates of vestibular damage were 
based upon approximately 15% of the available 
sensory ¢ells. This sampling method yielded data 
which were reliable within a 7% margin. 


The primary question in this study was: Is there a 
positive dosage-damage relationship between am- 
inoglycoside antibiotics and the various regions of 
the inner ear? And, if that positive relationship ex- 
ists, is it statistically significant? Following affirma- 
tion, the pattern of susceptibility in those regions 
could be characterized and the relative toxicity of 
each drug compared. Graphs were prepared which 
relate drug dosage (abscissa) to the percentage of 
damage (ordinate) in each region of the inner ear 
for each drug tested, Each graph contained the least 
squares linear regression line which best fit the 
data. The regressicn line was characterized by its 
slope and y-intercept (see part III, Table 2, Slope, 
and Intercept,). All relationships reported in this 
study have been tested to reject the null hypothesis 
(slope, = 0) at the C.05 level of significance. Unless 
gtherwise stated, all reported relationships are to be 
regarded as significant. Graphs used to illustrate 
the important relationships reported in parts III 
and IV of this study include broken lines indicating 
the 95% confidence intervals for the regression 
lines.** . 


These computations revealed that a positive rela- 
tionship existed between the dosages of all three 
drugs and the damage to all 54 regions. However, 
many of these relationships, although positive, were 
not statistically significant, Three causes of this 
problem have been identified. First, a particular 
region was not counted in enough cases to allow a 
statistical analysis. A case in point is the peripheral 
regions of saccular maculae where the grid locations 
nearly always overlaid the central areas. Second, 
regardless of the dosage administered, no toxic ef- 
fect was detected, Inner hair cells of dihydrostrep- 
tomycin-treated guinea pig cochleas illustrate this 
point. The term “Insufficient Data” listed in Table 
2 of part III identifies these regions. 


The third cause of statistically insignificant dos- 
age-damage relationships was extraneous sources of 
variation in the amount of damage observed. Con- 
sequently, an attempt was made to identify the fac- 
tor(s) contributing to this variance so that cases 
could be eliminated on a rational basis. To this end 
the data were reanalyzed to control for the effect of 
one variable at a time. If the significance of the 
relationships of interest increased, then a condition 
predisposing certain cases to variant results would 
have been identified, and those cases could be elim- 
inated from the file. 


Altogether 11 variables were tested. Ten of these 
were based on items 4 through 9, and 12 through 16 
of the data form (Fig. 3). The 11th was considered 
in a test to determine if the potency of the antibi- 
otics diminished over the three-year course of exper- 
imentation. Briefly, the guinea pigs receiving a par- 
ticular drug were analyzed according to their se- 
quence number to test if the dosage versus damage 
responses were lessened toward the end of the 
study. If so, a factor reflecting the rate of potency 
loss could be applied to the data, effectively com- 
pensating for this variable. No such diminished po- 
tency loss was detected, however. 


This analysis has disclosed that by the elimination 
of experimental animals which had lost weight dur- 
ing the week following injection and by the elimina- 
tion of guinea pigs for which the first attempt at 
transtympanic injection had failed, the significance 
of the dosage versus damage relationships was im- 
proved greatly. That these eliminations were im- 
portant to the credibility of this study was borne out 
by the observation that despite a 39% loss in an al- 
ready small population (37 guinea pigs were thus 
eliminated), the significance of 81% of the relation- 
ships of interest was improved markedly (10% re- 
mained substantially the same and 9% were dimin- 
ished). 


Having identified and eliminated the important 
sources of unreliable data, new statistics were gen- 
erated and recorded in Table 2 of part III. All con- 
siderations to follow reflect relationships derived 
from this more highly selected population. 
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As previously defined, Table 2 of part IH con- 
tains the slope and intercept of the least- squares 
linear regression line (identified as “Unconstrained” 
in the Table) which best fits the dosage versus dam- 
age data for each drug in each region. All of the val- 
ues listed reflect not only a positive saa of 
one. “The actual a: were not near: as 
should be realized by noting the very diverse in- 
tercept, values (range, -14% to +55%). Legically, 
and from the controls, it is understood that at zero 
dosage of a drug, only a background leve of hair 
cell damage (0 to 3% damage) was observed. Con- 
sequently, another regression line forced through 
the origin was calculated for each relationship. The 
slope of this line has been identified in Table 2 of 
part HI as “Slope,.” From these values, comparisons 
can be made between drugs for each regien (hori- 
zontally) and between regions for each drug (verti- 
cally) using the Table. 


DISCUSSION 


Care in the control of variables is a particularly 
important requirement in a quantitative study 
which measures subtle differences in effects. The 
use of internal controls has assured us that. as far as 
could be tested, the experimental (injected) ears 
were free of cell damage before the administration 
of antibiotics. 


Variance in the data prior to the elimination of 
the 37 cases, though not extraordinary im compar- 
ison to other reports of inner ear toxicity,’ initially 
prevented a meaningful statistical analysis in this 
study. By repeating the dosage versus damage anal- 
ysis, each time deleting a group of animals which 
had an observed or measured variable in common, 
we were able to identify those variables which were 
the seurces of much of the disparate data. The con- 
trols for good otologic health were apparently too 
gross to uncover subclinical pathological condi- 
tions. It was discovered that if guinea pigs lost 
weight following transtympanic injection or if an 
obstacle to receiving the entire dosage of injectant 
was encountered, the chances were greatly in- 
creasec that the data derived from these animals 
would be skewed. It was thought originally that the 
loss of weight following injection was the result of 
vestibular discomfort and the pursuant boss of ap- 
petite. This may indeed be the case, but its connec- 
tion to the unreliable drug effects remains un- 
known. An explanation may be that surgery caused 
an exacerbation of a previously subclinical infec- 
tion. Yoldrich suggested that an infection in the 
midcle ear may increase the uptake of drugs into 
the labyrinth.’ 


The inability of some middle ears to accept the 
full 0.1 ce of injectant was assumed to have been the 
result of either individual anatomical variations in 
middle ear volume, or the pathological accumula- 


tion of fluid in the middle ear prior t@ surgery. Re- 
gardless of the source of this difficulty, switching to 
the opposite ear usually solved the volume problem. 
Analysis made it apparent, however, that a low 
middie ear volume, even unilaterally, was an indi- 
cation of some bilateral abnormality predisposing 
the inner ear to an unreliable response to the ‘in- 
jected drug. The underlying causes remain unre- 
solved. However, the remarkable improvement in 
the data following the exclusion of these cases justi- 
fied their elimination from the study. 


The time required for microdissection and cell 
counting demanded that restrictions be made in se- 
lecting an experimental design. The range of dos- 
ages was selected to provide a range of damage trom 
whica the rate of toxic change could be determined. 
This rate, expressed as the regression coefficient in 
Table 2 of part HI, is illustrated as the slope of a 
line in this study (part IH, Figs. 1-6; part IV, Figs. 
1-3). The necessity of standardizing the recovery 
period at one week has left to the future a study of 
the effect of “delayed” dihydrostreptomycin ototox- 
icity which has been reported following its systemic 
administration.*” 


Several trials at the same dosage level were re- 
quired in order to provide a reliable estimate of 
each dosage-damage relationship. Because the dos- 
ages were grouped at intervals rather than ‘being 
spread along the range, and, given the normal 
variance in the data, it was not feasible to present 
the cosage-damage relationships as true curves. The 
most reliable estimates of these relationships are 
provided by the least-squares linear regression lines. 
The constrained regression lines are very useful 
whea estimating relative toxicities but are less 
reliable than the unconstrained regression lines 
when absolute figures are required. With these pre- 
cautions in mind, one may interpret the slope of the 
regression line forced through the origin (slope, 
values) as the percent damage increment to be ob- 
tained for each additional milligram of drug. To il- 
lustrate, reference to Table 2 of part HI indicates 
that the toxicity of dihy drostreptomy cin on the ves- 
tibuiar system was Q. 37% damaged hair cells per 
milligram; or, 3.7% damage/10 mg; or, 37% 
damage when 100 mg of dihydrostreptomycin was 
administered transtvmpanically. Instances where 
these lines might be misleading are identified as 
they occur in the subsequent papers. 


An attempt was made to collect data separately 
frona peripheral and central regions of each vestib- 
ular sensory structure since it has long been sus- 
pected that central regions are more susceptible to 
ototoxic agents than are peripheral regions." 
However, the selection of grid areas for counting 
and their subsequent assignment to either a central 
or peripheral status for the computer analysis were 
subrect to biasing. There was a tendency to select 
areas for counting in which the structures were in; 
tact. This favors the selection of thé more central 


areas of masulae and the more peripheral areas of 
cristae. Ne?ertheless, clear trends in support of the 
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theory of central susceptibility to ototoxic agents are 
demonstrated in part III of this study. 
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Hypotheses to explain the selective ototoxicity of aminoglycoside antibiotics may be grouped into two categories: 1) a partition effect 
and 2) innate hair cell selectivity. The results of this study give evidence that, in fact, both mechanisms may interplay. This conclusion is in- 
duced from the observations that following the transtympanic administration of streptomycin, dihydrostreptornycin and neomycin: 1) All 
three drugs elicited nearly the same topographic pattern and degree of damage in the vestibular compartment. 2) All three drugs elicited 
nearly the same topographic pattern but widely different degrees of damage in the cochlear compartment (neomycin> > streptomy- 
cin> dihydrostreptomycin). 3) Neomycin caused the same devastating cochlear hair cell damage as reported ‘or its systemic administra- 
tion. 4) Dihydrostreptomycin was significantly more vestibulotoxic than cockleotoxic, and streptomycin was both significantly more 
cochleotoxic than vestibulotoxic and significantly more cochleotoxic than was dihydrostreptomycin, The latter observations are discussed 
with regard to contrasts with the literature reporting the drug effects following systemie administration. 


Hypotheses reported in the literature to explain 
selective ototoxicity may be classified into two cate- 
gories. One is the partition effect, or the effect of 
different rates of drug transport to and from the 
cochlear and vestibular chambers of the inner 
ear.” The second is innate hair cell selectivity, or 
the ability of different drugs to bind preferentially 
to different hair cells*'° or to a particular substance 
in their immediate environment, eg, glycocalyx, 
tectorial membrane, statoconial membrane, or cup- 
ula.'! The present study establishes the topographic 
pattern or specific distribution of toxic changes 
which results from the transtympanic administra- 
tion of streptomycin, dihydrostreptomycin, and 
neomycin. Once a pattern has been established, a 
comparison of the relative toxicities of these drugs 
between inner ear compartments and between spe- 
cific regions within each compartment is presented. 
The results, when compared to those of previous 
studies utilizing the systemic route of entry, will 
contribute to a clarification of the mechanism of 
selective ototoxicity. 


METHODS 


Fifty-seven pigmented guinea pigs of both sexes were selected, 
injected, and their inner ear tissues prepared for examination as 
described in parts I and H of this study. >" Table 1 summarizes 
the injection schedule. Cell counts were performed and the data 
were analyzed according to the format established is part II of 
this study.'* 


RESULTS 


The findings of this study are reported in two sec- 
tions. Section 1 deals with the topographic distribu- 
tion of cell damage which resulted from the admin- 
istration of each drug. These results may be pre- 
dicted by comparing regression coefficients verti- 
cally under the Slope, column of Table 2 for each 
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drug. Before reporting on the differences in sensitiv- 
ity between different regions for each drug, t tests 
were applied to assure that the differences were in- 
deed significant. In section 2, the ototoxicities of the 
three drugs are compared. These results may be 
predieted by comparing the Slope, regression coeffi- 
cients horizontally for each region listed in Table 2. 
As before, every stated relaticnship has been tested 
for significant differences using the two-tailed t test 
at the 0.05 level of significance. 


PATTERN OF OTOTOXICITY 


Streptomycin. The most significant result in 
terms of contrasts with the literature on, systemic 
applications was that in this study streptomycin 
more profoundly affected the organ of Corti than 
the vestibular system. This was true not only in the 
basal turn, where it might have been expected on 
the basis of its predicted route of entry through the 
rounc window membrane, but also throughout the 
entire length of the organ of Corti. The constrained 
least-squares linear regression lines and their con- 
fidence intervals comparing the effects of strep- 
tomycin on the organ of Corti and the vestibular 
system are plotted in Figure 1. 


In the organ of Corti, outer hair cells were more 
sensitive to streptomycin than were inner hair cells 
(Table 2). Damage to outer hair cells decreased from 
base to apex and, although the typical pattern of 
damage for successive rows cf outer hair cells was 
upheld in this study, row 1 was not significantly 
more susceptible than row 2, nor was row 2 signifi- 
cantly more damaged than row 3 following treat- 
ment with strept in 
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Fig. 1. Percentage of damaged sensory cells in the organ 
of Corti and in the vestibular system as a function of strep- 
tomycin dosage. 


dividual structures or for any combination of struc- 
tures, always showed the central regions to be more 
dominantly affected. The cristae were significantly 
more damaged than the maculae as documented in 
Figure 2., The posterior cristae ampullares appeared 
to be more sensitive to streptomycin than the 
superior cristae ampullares, with the lateral cristae 
ampullares the least affected of the three. F inally, 
the utricular maculae were more susceptible to the 
toxic action of streptomycin than were the saccular 
maculae. 


Table 3 provides a summary of mean percent 
damage values for selected regions which resulted 
from the transtympanic injection of streptomycin at 
the dosage levels indicated. This sample, derived 
directly from the cell counts, demonstrates the 
amount of damage that was observed at each dos- 
age level. This Table is included here for com- 
parison with the coraputer calculated slopes of these 
same relationships which are documented in Table 


TABLE 1. INJECTION SCHEDULE 
AA 


Number of Guirea Pigs Receiving Each Dosage 


Dosage in Mg Sub- 

„a Drug 0) 5 10 25 50 100 total 
Streptomycin  — 0 4 5 7 E 

Dihydrostrep- 

tomycin = 0 4 2 4 3 B 
Neomycin — 4 9 5 2 0 20 
Saline "i = acs me ri 
Total animals in study 57 
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Fig. 2, Percentage of damaged sensory cells in the cristae 
and in the maculae as a function of streptomycin dosage. 


2. Observe that the calculated slopes of the least- 
squares linear regression lines, even those forced 
through the origin, substantially reflect the actual 
observations. 


Dihydrostreptomycin. Dihydrostreptomycin was 
significantly more vestibulotoxic than cochleotoxic 
when administered transtympanically. This is in 
contrast to the literature on the systemic application 
of this drug. This finding would not have been pre- 
dicted from the relatively small differences in the 
calculated slopes of dosage versus damage relation- 
ships from the various regions in each compart- 
ment. However, t tests comparing the toxicity of 
dihydrostreptomycin observed in each compart- 
ment confirmed that any region within the vestibu- 
lar system was significantly more vulnerable to di- 
hydrostreptomycin than was any region in the or- 
gan of Corti (Fig. 3). 


Inner hair cells, it would seem, were not suscepti- 
ble to the toxic action of dihydrostreptomycin at the 
dosages tested. Only those inner hair cells of the 
most apical turn registered enough damage to allow 
a statistical analysis. Even so, the damage proved to 
be insignificant. 


As with streptomycin, dihydrostreptomycin-treated 
ears showed the same overall pattern of outer hair 
cell degeneration. That is, within each segment, the 
three rows were nearly equally sensitive to antibi- 
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Crista Superior — Central A EEN 0 Tin 20 0.47 insignificant 


_ Crista Superior — Peripheral Area : E „8C _ 9.30 0.87 | - 0.84 035 | 0.34 
Crista Superior č  ćž o căž  ăž oă oOo 4G. 095 | . Oce | 5.79 | 0.43 0.38 


Crista Lateral — Central Area insignificant | 0.37 
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Crista Posterior — Central Area os | 831 | 056 0.58 2.53 | 0.58 
Crista Posterior — Peripheral Area 0.6) Insignificant | 0.21 
Crista Posterior | o6 i0 028 | 043 | 176 042 
Macula Utriculi — Central Area 0.52 = 0.32 040 | -014 | 0.38 
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MaculaSacculi č čćăć Oġă/ i Insignificant = | 016 | 046 | - 081 | 041 
Cristae Central Areas ann 0% | 1146 | 047 _ 3.20 | 0.64 
Macular Central Areas = i CB | -3 insignificant. 0.24 - 0.52 | 0.40 
Vestibular Central Areas Oozs | 895 | 037 3.08 | 0.53 
Cristae Peripheral Areas 0.86 | - 008 | 049 | Insignificant | 0.26 
Macular Peripheral Areas | | taessa iNSIGNITICANE o {013 | 0.15 {013 
Vestibular Tatipheril-Area!. eas 0.43 ) 9.30 | 035 Ff O88 | - 087 | O47 į 017 | 1.09 | 0.21 
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1.5 Turn 50 | 010 | 2. 14.29 3.17 
-728 072 | 2.22 =n 

Insignificant f 243 2156 | 331 

2.15 32.48 3.47 


221 30.18 


2Slope,, is interpreted as the % damage increment above the Intercept,, value obts:ned for each mg of drug injected. 


1 Regression Coefficients relate % damage to mg of drug injected. 


3S$tope, is interpreted as the % damage increment obtained for each mg of drug imected with the values adjusted to comply with the finding 


that at zero dosage of a drug no damage is observec. These values are used in eamparing drug sensitivity between regions for each drug 
(vertically) and between drugs for each region (horizontally). 


+ inner Hair Cells 
t Outer Hair Cells 
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Mean 2ercet Damage at Each Dosage Level 
k Dosage in Mg 


Poe 25, a EN E E E A 
Cristae central reas 7 30 28 50 
Cristae 6 29 26 50 
Matulae 5 8 12 42 
Vestibular cent-al areas 4 17 20) 46 
Vestibular perioneral areas 5 20 20) a 
Vestibular systern 4 18 19 46 
Outer hair cells 40.5 tarn) 0 33 T9 100 
Outer hair cells 3 17 44 100 
Organ of Corti 3 13 38 100 


otic and also, the damage was most marked in the 
basal turn (0.5 turr). 


The valuss summarizing the relationships of 
dosage to damag- for the vestibular regions under 
“Dihydrostreptorayein” in Table 2 indicate almost 
identically te sane pattern and degree of damage 
as the corresponeing values for streptomycin and 
neomycin. That i, zhe peripheral regions of all five 
vestibular sensor! structures were less affected by 
dihydrostrey tomwein than were the central regions, 
Further, the iategal cristae were less damaged than 
either the-pcsterier or the superior cristae, with the 
posterior cristae s gnificantly more vulnerable than 
the superior cristae. The cristae were significantly 
more damaged than the maculae and the utricular 
maculae appeared to respond more than the sac- 
cular maculaz to dihydrostreptomycin treatment. 


Table 4 indicates the mean percent damage that 
was obtained experimentally in selected regions of 
dihydrostreptomyzin-treated animals at each dos- 
age level. These values were derived directly from 
the cell counts ard were included for comparison 
with the calculated overall dosage-damage relation- 
ships listed ir. Taole 2. Unlike streptomycin, dihy- 
drostreptomcin «id not react precisely as the least- 
squares linear regression lines would predict: at 
lower dosage levels, experimental observations in- 
dicated that moe damage resulted to vestibular 
structures and less to cochlear structures than 
would have been supposed from the slopes values. 
This is illustratec in the unconstrained regression 
lines of Figure 3. 


Neomycin. Witicut question, the most profound 
reaction encountered in this study took place in the 
cochlea followingthe transtympanic administration 
of relatively smal amounts of neomycin. The data 
demonstrate? a hreshold between 10 to 25 m g 
above which all inner and outer hair cells were 
destroyed. A com darison of the cochleotoxicity and 
vestibulotoxizity cf neomycin need not be belabored 
since there was a most an order of magnitude dif- 
ference in rezresson coefficient values between the 
two compartments (Fig. 4). 


An analysis of cell counts following the ad- 
ministration of 5 10 mg of neomycin allowed the 
discriminaticn of relative toxicities in the organ of 
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Fig. 3. Percentage of damaged sensory cells in the vestib- 
ular system and in the organ of Corti as a function of dihv- 
drostreptomycin dosage (thick solid lines and their confi- 
dence intervals, broken a Unconstrained regression 
lines are also included (thin solid lines). See text for explan- 
ation. 


Corti. T tests revealed significant differences in the 
sensitivity of each segment to neomycin in the fol- 
lowing order: turn 3.5>0.5>2.5> 1.5. It is of in- 
terest to note that both outer hair cells and inner 
hair cells of the apical turn were the most sensitive 
cells along the length of the organ of Corti. 


An analysis of vestibular systems revealed nearly 
the same distribution of toxic changes and, on the 
average, nearly the same degree of toxicity to its 
structures as has been reported for the other 
aminoglycoside antibiotics. One exception was in 
the saccular maculae where there was more damage 
than in the utricular maculae over the dosages 
tested (Table 2). 


It may be of interest for future studies to note that 
the differential sensitivities of central and periph- 
eral regions of vestibular sensory structures were 
much greater for neomycin than they were for 
either streptomycin or dihydrostreptomycin. T tests 
of these differences were computed for all vestibu- 
lar structures individually, and in combination, 
with the result that central regions were significant- 
ly more vulnerable to the toxic action of neomycin 
than were peripheral regions (Fig. 5). 


Table 5 presents the mean percent damage values 
obtained directly from the cell counts of neomycin- 
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Fig. 4. Percentage of damaged sensory cells in the organ 
of Corti and in the vestibular system as a function of neo- 
mycin dosage. 


treated inner ear structures at each dosage level. 
When the values for vestibular structures in Table 2 
are compared to the values in Table 5, one finds a 
strikingly high correlation. This and the observa- 
tion that intercept, values listed in Table 2 very 
nearly equal zero suggest that the response 
characteristics of vestibular structures to neomycin 
may be truly linear. 


RELATIVE TOXICITY OF DRUGS 


Streptomycin vs Neomycin. T tests were hardly 
necessary to demonstrate that for every region in 
the organ of Corti neomycin was significantly more 
toxic than streptomycin (Table 2, and Fig. 6). The t 
tests did tell us, however, that vestibular systems 
which received streptomycin responded too similar- 


TABLE 4. DIHYDROSTREPTOMYCIN OTOTOXICITY 
A eee 


Mean Percent Damage at Each Dosage Level 


Dosage ia Mg 


Region 10 25 50 100 


Cristae central areas 9 42 27 37 
Cristae D 4] 22 38 
Maculae 3 14 15 20 
Vestibular central areas ri ao 22 30 
Vestibular peripheral areas ] 33 22 30 
Vestibular system 4 32 19 33 
Outer hair cells (0.5 turn) 0 18 25 100 
Outer hair cells 0 9 7 32 
Organ of Corti 0 4 6 26 
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. 
Fig. 5. Percentage of damaged sensory cells in the cen- 
tral areas of cristae and in the peripheral areas of cristae as 
a function of neomycin dosage. 


ly to vestibular systems which received neomycin to 
be discerned statistically. The analysis also revealed 
that peripheral regions of vestibular structures 
tended toward less damage following neomycin 
than following streptomycin treatment. , 


Dihydrostreptomycin vs Neomycin. Here again, 
neomycin was extraordinarily cochleotoxic, making 
further comparisons to dihydrostreptomycin un- 
necessary in this compartment (Table 2 and Fig. 6). 
In the vestibular system dihydrostreptomycin and 
neomycin had essentially the same overall effect. A 
comparison of means disclosed that the peripheral 
areas of vestibular sensory structures were less 
vulnerable to neomycin than to dihydrostreptomy- 
cin treatment. 


Streptomycin vs Dihydrostreptomycin. As re- 


TABLE 5. NEOMYCIN OTOTOXICITY 


Mean Percent Damage at Each Dosage Level 
Dosage in Mg 


Region 5 10 25 50 
Cristae central areas 6 8 20 29 
Cristae 4 5 12 23 
Maculae 0 3 9 12 
Vestibular central areas 6 7 15 205. 
Vestibular peripheral areas 0.8 3 7 5 
Vestibular system 3 5 ll 17 


Outer hair cells (0.5 turn) 
Outer hair cells 32 63 100 100 
Organ of Corti 29 “61 100 100 
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PERCENTAGE OF CELLS DAMAGED IN THE ORGAN OF CORTI 
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Fig. 6. Percentace of damaged sensory cells in the organ 
of Corti as a functien of neomycin, streptomycin and dihy- 
drostreptom vcin desage. 


ported, streptomycin was significantly more coch- 
leotoxic than vest bulotoxic and dihydrostreptomy- 
cin was significantly more vestibulotoxic than 
cochleotoxic wher administered transtympanically 
in this study. T tests revealed that streptomycin was 
significantly more toxic in the cochlear compart- 
ment than was dihydrostreptomycin (Table 2 and 
Fig. 6). Not one of the vestibular sensory cell 
regions registerec a statistically significant dif- 
ference in its reponse to treatment with strep- 
tomycin or dihydrostreptomycin. 


DISCUSSION 


Lindeman’ has established that, whether ad- 
ministered systemmally or transtympanically, strep- 
tomycin is most tcxic to type I hair cells in central 
vestibular regions, less so to type I hair cells in 
peripheral regions end least toxic to type II hair 
cells wherever ercountered.'*'* Spoendlin'’ as- 
serted that the cavse of this difference in sensitivity 
may relate to the kigher metabolic rate for proteins 
in type I hair cdls. Spoendlin,'S Watanuki and 
Meyer zum Gottesberge,'® and Watanuki et al!’ 
have suggested that type I hair cells are phyloge- 


-netically more recent and are more differentiated 
than type II hair cells, either condition making 


` them, in principle. more vulnerable to environmen- 


tal stresses such as the presence of toxic drugs. 
Although type 1 ard type II hair cells were not dif- 


ferentially evaluated in this study, our finding of 
higher susceptibility in the central regions of 
vestibular sensory structures supports the observa- 
tions of earlier investigators. The concept of re- 
gional selectivity is of great interest because ‘as 
Lindeman’ suggested, function may also differ in 
the central and peripheral regions of vestibular sen- 
sory structures, 


There was one instance in this study in which less 
damage resulted to the phylogenetically newer part 
of the inner ear: in those animals which received 
dihydrostreptomycin there was less damage to their 
cochleas and saccules (pars inferior, the phyloge- 
netically newer division of the inner ear'®) than 
there was to their cristae and utricles, However, no 
conclusion should be drawn from this observation 
until the possibility of a “delayed” onset of ototoxic- 
ity has been examined following the transtympanic 
administration of dihydrostreptomycin. This phe- 
nomenon has long been recognized as a peculiar 
characteristic of systemically injected dihydrostrep- 
tomycin,**:*° 


As indicated in Table 4 and Figure 3, the actual 
responses to dihydrostreptomycin administered in 
low dosages may depart from the calculated overall 
relationships documented in Table 2 by causing 
greater vestibular damage and less cochlear dam- 
age. In an attempt to clarify the meaning of this 
observation, t tests were run comparing dihydro- 
streptomycin to streptomycin for the lowest dosage 
cases alone (0 to 25 mg). The population was so 
small (nine streptomycin, six dihydrostreptomycin) 
that predictions based upon our data must be. at 
best, guarded. Our data indicated that. for every 
region within the vestibular compartment, damage 
was greater following low dosage dihydrostrepto- 
mycin treatment (with the reverse being true for all 
regions within the cochlear compartment) than was 
indicated by the calculated overall relationships. 
The reliability of this observation could not be 
documented by tests for significance owing to the 
very small population and its usual variance. In- 
deed, this particular question demands a more 
thorough study because of its clinical importance. It 
may be found, for example, that dihydrostreptomy- 
cin is an effective agent for unilateral vestibular 
ablation, causing minimal high frequency hearing 
loss, when administered transtympanically in mul- 
tiple, low dosages. 


The selective ototoxicity of aminoglycoside anti- 
biotics may be explained on the grounds of several 
hypotheses described in the literature. As previously 
suggested, these hypotheses may be divided into 
two categories: 1) the partition effect and 2) innate 
hair cell selectivity. 


The former case has at its basis the pharmacologi- 
cal principle of compartmentalization.’ Systemic 
application allows the drugs to disseminate 
throughout the body, reaching the inner ear via the 
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circulatory system. The rate of selective transport to 
or from each inner ear compartment may vary de- 
pending upon inherent differences in the drugs be- 
ing transported, in the secretory or excretory epi- 
thelia through which the drugs must pass to gain 
entrance into or exit from the endolymphatic 
spaces, or both.****?!? In fact, the drugs may have 
their primary effect in altering the transport epithe- 
lia of the inner ear. In this case, hair cell damage 
would result secondarily.'® 


To further complicate this picture, the nephro- 
toxicity of certain aminoglycoside antibiotics has 
been reported.???-*5 Damage to kidneys reduces the 
rate of clearance of the drugs from the body which 
results in an increased titer in the blood and, 
therefore, in the inner ear fluids. Case reports of 
permanent deafness or vertigo following drug ther- 
apy for infection have been published.**”’ 


The transtympanic route of administration elimi- 
nates this synergistic nephrotoxic effect and may 
also reduce the variance in the actual drug dosage 
reaching inner ear hair cells which might otherwise 
have resulted from individual differences in sys- 
temic compartmentalization. In the case of middle 
ear administration, the drugs need only traverse the 
round window membrane and the membranous 
labyrinth to reach the sensory cells.'°?*”’ The rate 
of clearance of drugs from the inner ear still de- 
pends, however, upon compartmental factors just 
as it does following the systemic route of entry. For 


this reason the effects of differential rates of drug 


learance from inner ear compartments should have 
o influence upon the interpretation of the findings 
eported in this study. 


It has been suggested that the direct application 
of the drugs might elicit a different response than 
vhen injected systemically.'*?* Schuknecht’ 
tested streptomycin both systemically and trans- 
tympanically under both clinical and experimental 
conditions. He found that the high vestibulotoxicity 
and low cochleotoxicity which followed the sys- 
temic administration of streptomycin was lost when 
applied locally. In fact, he reported a functional 


loss occurring simultaneously in both compart- 
ments. Friedmann and Bird' exposed cultured 
organ of Corti to constant dosages of streptomycin. 
They found that the hair cells appeared to be less 
sensitive to dosages in the nutrient medium than to 
the same dosages applied systemically in vivo. This 
suggests that streptomycin may be concentrated in 
the cochlea following systemic injections. It is, 
therefore, logical to predict that a difference in 
selective ototoxicity might result from a difference 
in the mode of administration of the drugs. 


Our results have shown that following transtym- 
panic injection the pattern of ototoxicity within the 
cochlea or within the vestibular system was nearly 
identical to that following the systemic administra- 
tion of these drugs. '*'53?"** These data favor the 
hypothesis that the mechanism of aminoglycoside 
ototoxicity involves innate hair cell selectivity. 


An analysis of the relative ototoxicities of the an- 
tibiotics between compartments following trans- 
tympanic injection revealed several interesting rela- 
tionships. First, all three drugs exerted nearly the 
same effect upon vestibular sensory structures — 
both in terms of topographic distribution and in 
terms of degree. Second, in the organ of Corti the 
three drugs tested differed greatly in their degree of 
damage (neomycin> > streptomycin > dihydro- 
streptomycin) though they did not differ ap- 
preciably in the pattern of that damage. Third, 
neomycin, whether applied systemically or locally, 
yielded the same effect. Fourth, streptomycin was 
significantly more cochleotoxic than vestibulotoxic 
while dihydrostreptomycin was significantly more 
vestibulotoxic than cochleotoxic. This is in con- 
tradistinction to the literature on the systemic ap- 
plication of these drugs and is attributable to the 
alternate route of entry tested in this study. 


These relationships are offered as evidence that 
there exists a partitioning effect within the inner ear 
which acts in concert with innate hair cell selectivi- 
ty to produce that pattern and degree of morpho- 
logical change which are documented in this and 
other reports. 
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Guinea pigs were given transtympanic dosages of neomycin followed by three hours of either vestibular stimulation or immobilization 
to test the hypothesis that inner ear hair cell membrane-permeability is increased for drugs as a consequence of the transduction process. It 
was found, however, that neither the topographic pattern nor the degree of hair cell damage differed between the two groups. It is con- 
cluded that if the transduction process is accompanied by cell membrane permeability changes, the effect is not an increased susceptibility 
to neomycin toxicity. A measurable effect of stimulation was the significant decrease in the standard deviation of the mean dosage-damage 
response at each dosage level. This increase in reliability probably resulted from mixing of the inner ear fluids (especially in the vestibular 
compartment) which encouraged consistent dosages te the hair cells with each repeated trial. Finally, the impact of these findings on hy- 
potheses related to the mechanism of selective ototoxicity is discussed briefly. 


In 1973, Goldstein reported that in vivo sound 
stimulation or mechanical trauma during tissue 
preparation caused an increase in outer and inner 
hair cell membrane permeability.' This suggested 
the possibility that the uptake of drugs by inner ear 
hair cells may be enhanced by mechanical stimula- 
tion. 


In this study each guinea pig was given one trans- 
tympanic injection of neomycin. This was followed 
by either rocking or immobilizing each animal fora 
three-hour period. If the rocked group showed an 
increase in hair cell damage over the immobilized 
group, then the hypothesis would be supported. 


Another effect of rocking may be a more even 
distribution of drugs in the labyrinth than that fol- 
lowing the systemic or transtympanic route of entry 
alone. If mechanical stimulation alters the topogra- 
phic pattern of inner ear hair cell damage reported 
in part IH of this study,’ then the credibility of the 
hypothesis of innate hair cell specificity as the basis 
for the mechanism of selective ototoxicity’’® would 
be diminished. 


METHODS 


Twenty-seven pigmented guinea pigs (60% male, 40% female) 
were selected and injected with neomycin as describecbin part I of 
this study.” Immediately following injection anc while still 
anesthetized, the guinea pigs were fixed to cradles which elevated 
their snouts 45°. The animals were then either left immobilized or 
rocked for a period of three hours. Otostimulation was ac- 
complished by fixing the cradles and guinea pigs to a rocking-type 
solution mixer which moved through a vertical 30° arc at a fre- 
quency of 30 cycles per minute (see Table 1 for the injection 
schedule). 


The animals were returned to their cages for one week prior to 
decapitation, incubation, fixation and microdissection.’ Cell 
counts were performed and the data were analyzed according to 
the format established in part II of this study.* 
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RESULTS 


The behavioral responses to vestibular stimula- 
tion varied greatly but several generalizatjons could 
be made: those guinea pigs which received a dosage 
of neomycin followed by rocking for three hours 
demonstrated the greatest effect when rełeased 
from their restraints. In several instances this con- 
sisted of uncontrolled rolling to the right, even after 
reaching the cage wall. This behavior persisted for 
only a few minutes, Thereafter, the guinea pigs sat 
quietly with their heads lowered and turned toward 
the right. When encouraged to walk, their gait was, 
at best, unstable and they tended to walk ina right- 
handed circle. Attempts to right themselves were 
initially frustrated until, with gradual improve- 
ment, all evidence of vestibular dysfunction disap- 
peared. The group of guinea pigs which received 
saline followed by rocking had less severe ataxia 
which persisted for only a few minutes. Animals 
which received drugs and were immobilized usually 
appeared lethargic, and their heads were lowered 
and turned toward the injected side for a day or two 
after surgery. Some of these guinea pigs tended to 
walk in a circle during the initial recovery period. 
Saline-injected and immobilized animals were vir- 
tually free of vestibular disturbance. Their righting 
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Number of Guinea Pigs Receiving Each Dosage 


Dug — Dosage in Mg 

Otostemulation OE 5 10, 25 50 Subtotal 
Neomycin — 

rocked = 4 5 3 0 12 
Neomycin — 

immobilized ne 0 4 3 ] § 4% 
Saline — rocked 3 = m — ae 3 
Saline — 

immobilized 4 am a = ~~ 4 

Total animals in study 27 
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Fig. 1. Percent .ge of damaged sensory cells in organ of 
Corti as a fanction of neomycin dosage following + immobil- 
ization and following rocking. 


reflexes were ncrmal, 
normal activity. 


and they soon returned to 


At the time o: sacrifice and during microdissec- 
tion, no evidence of infection was detected in the 27 
guinea pigs. Histological analysis showed that all 34 
control ears were within the normal limits set previ- 
ously.’ 


The effects of »tostimulation were determined by 
t tests comparing the means of the dosage versus 
damage relationsnips in each region of the inner ear 
between rocked ard immobilized groups. The re- 
sults of this analsis were that no significant differ- 
ences in the topographic pattern or degree of toxic- 
ity existed between the rocked and immobilized 
groups. In fact, ro relationship differed significant- 
ly from those reported previously.’ 


However, an examination of the standard devia- 
tions of the means suggested an interesting phenom- 
enon. It was fouad that within each region of the 
vestibular system the standard deviations of the 
means were less or the rocked group than for the 

mobilized g grop. This was also true within the 
organ of Corti, bat to a smaller degree. An analysis 
of variance discsosed that vestibular stimulation 
produced significantly more consistent or reliable 
results than immcbilization following the transtym- 
panic administration of neomycin. 
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Fig. 2. Percentage of damaged sensory cells in the vestib- 
ular system as a function of neomycin dosage following im- 
mobilization and following rocking. 


Figures l] and 2 present the unconstrained least- 
squares linear regression lines and confidence inter- 
vals which describe the effects of transtympanically 
injected neomycin on the hair cells in the organ of 
Corti (Fig. 1) and the vestibular system (Fig. 2) fol- 
lowing either rocking or immobilization. Note that 
the least-squares linear regression lines for the 
rocked group cross the ordinate closer to the origin 
than do the lines representing the immobilized 
group. This approaches the logical value of zero 
hair cell damage resulting from zero drug dosage as 
indeed was the finding among the controls. More 
dramatic, however, are the broken lines depicting 
the 95% confidence intervals for the regression 
lines. Clearly, making predictions based upon data 
from the rocked group would be much more relia- 
ble than making predictions based upon data from 
the immobilized group. 


The data derived from the immobilized group 
were occasionally skewed to the extent that com- 
puting dosage-damage relationships would lead to 
the conclusion that increasing the dosage of neomy- 
cin would have no increased effect on inner ear hair 
cells. This effect is illustrated in Figure 3. By rock- 
ing the guinea pigs following the transtympanic ad- 
ministration of neomycin, the variance in the data 
was sufficiently decreased to reveal that a signif- 
icant, positive dosage-damage relationship existed 
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PERCENTAGE OF CELLS DAMAGED IN PERIPHERAL AREAS 
OF VESTIBULAR SENSORY STRUCTURES 
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Fig. 3. Percentage of damaged sensory cells in the pe- 
ripheral regions of vestibular sensory structures as a func- 
tion of neomycin dosage following immobilization «nd fol- 
lowing rocking. 


in the peripheral regions of vestibular sensery struc- 
tures. 


DISCUSSION 


The regimen of vestibular stimulation was ap- 
parently sufficient to elicit both a behavioral and a 
statistical effect. If this stimulation caused a change 
in sensory cell membrane permeability as Goldstein 
suggested,' its effect was not a facilitation of toxici- 
ty. No conclusion can be made relating stimulation 
to permeability changes, nor can it be concluded 


that stimulation enhances the uptake of drugs by 
hair cells. 


In the immobilized group, antibiotic must reach 





each sensory structure through passive diffusion 
alone. The disparate data from this group may have 
resulted from individual differences which impede 
diffusion. For example, the middle ear mucosa was 
thickened in some animals, particularly over the 
round window membrane. Rocking may have phy- 
sically mixed the inner ear fluids so that a concen- 
tratior gradient was maintained between the mid- 
dle and inner ears. The effect of this gradient may 
have been to drive antibiotic from the middle ear 
into the fluid spaces of the inner ear. By this 
mechanism, it is suggested that rocking encourages 
a unifwrm distribution of drugs within the inner ear 
and a consistent dosage to sensory cells with each 
repeated trial. The decreased variance in the data 
reported for the rocked animals may be thus ex- 
plained. The observation of lower standard devia- 
tions within the vestibular compartment than with- 
in the cochlear compartment may simply reflect the 
different anatomical conformation of the fluid 
spaces which encourages gross fluid movement. 


The hypothesis that selective drug ototoxicity re- 
sults from the selective transport of drugs into each 
compartment within the inner ear following sys- 
temic administration (the partition effect}®”"'° can- 
not be the only mechanism involved in selective oto- 
toxicity. In our study, the local application of am- 
inoglycoside antibiotics bypassed the transport epi- 
thelia of the inner ear but nonetheless resulted in 
the same pattern of hair cell damage within each 
compartment as has been reported following the 
systemic administration of these drugs.°'7"*' Fur- 
ther mixing of the inner ear fluids by rocking did 
not aEer the pattern or degree of hair cell damage 
but merely stabilized the results. The comparative 
ototoxicity of drugs between compartments, how- 
ever, was altered by changing their route of entry’ 
so that selective transport must at least contribute to 
the understanding of selective ototoxicity. The 
mechanism of selective ototoxicity must also involve 
drug selectivity at, or immediately surrounding, the 
hair cells themselves (innate hair cell selectivity).*? 
Only his would explain the consistent regional pat- 
tern cf hair cell susceptibility to drugs regardless of 
the rcute of entry or extent of distribution in the in- 
ner ear fluid spaces. 
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